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 David Chaim Rubinsztein
	

	Contact details:
Address & tel.


	Cambridge Institute for Medical Research (CIMR)
University of Cambridge School of Clinical Medicine
The Keith Peters Building
Cambridge Biomedical Campus
Hills Rd
Cambridge
CB2 0XY

Tel: 01223 762608
	

	Project No.
	P173861E7

	Project title
	Neurodegeneration: understanding the causes and investigating therapeutic mechanisms in zebrafish

	Project purpose
	To identify novel therapeutic mechanisms that ameliorate neurodegenerative diseases and related disorders. 



	Date licence was granted
	15th July 2019

	Date of retrospective review is sent to the PPLh
	21/04/23




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
	Zebra fish
	Mild
	3000
	1st year
	
	260
	
	
	
	260

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	82
	
	
	
	82

	
	
	
	
	4th year
	
	
	57
	
	
	57

	
	
	
	
	Total
	
	342
	57
	
	
	399

	2
	Zebra fish
	Mild
	15000
	1st year
	
	
	1422
	
	1
	1423

	
	
	
	
	2nd year
	
	1392
	
	
	
	1392

	
	
	
	
	3rd year
	
	1638
	
	
	6
	1644

	
	
	
	
	4th year
	
	787
	211
	
	
	998

	
	
	
	
	Total
	
	3817
	1633
	
	7
	5457

	3
	Zebra fish
	Moderate
	5000
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	238
	
	
	
	238

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	383
	
	
	
	383

	
	
	
	
	Total
	
	621
	
	
	
	621

	4
	Zebra fish
	Mild
	1000
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	311
	
	
	311

	
	
	
	
	4th year
	
	
	44
	
	
	44

	
	
	
	
	Total
	
	
	355
	
	
	355

	5
	Zebra fish
	Mild
	5000
	1st year
	
	
	976
	
	
	976

	
	
	
	
	2nd year
	
	360
	643
	
	
	1003

	
	
	
	
	3rd year
	
	21
	1733
	
	
	1754

	
	
	
	
	4th year
	
	
	442
	
	
	442

	
	
	
	
	Total
	
	381
	3794
	
	
	4175

	6
	Zebra fish
	Moderate
	5000
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	7
	Zebra fish
	Moderate
	1000
	1st year
	
	
	
	60
	
	60

	
	
	
	
	2nd year
	
	
	214
	
	
	214

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	67
	54
	
	121

	
	
	
	
	Total
	
	
	281
	114
	
	395

	8
	Zebra fish
	Mild
	40000
	1st year
	
	
	883
	
	
	883

	
	
	
	
	2nd year
	
	
	245
	
	
	245

	
	
	
	
	3rd year
	
	
	5393
	
	192
	5585

	
	
	
	
	4th year
	
	
	2030
	
	
	2030

	
	
	
	
	Total
	
	
	8551
	
	192
	8743

	9
	Zebra fish
	Moderate
	5000
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	170
	
	
	170

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	170
	
	
	170


*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
	Lower than anticipated
	Generation of founders.  This protocol involves injection of eggs at 1 cell stage.  Protocol often requires observing founders by fluorescent microscopy or anaesthetising and taking fin biopsy.  In some cases, none of these optional steps were performed, therefore the procedure was sub-threshold for some animals.

	2
	Lower than anticipated
	Breeding and maintenance of GA fish with mild phenotypes.  Adults bred by conventional methods (where no optional genotyping steps were performed) were recorded as sub-threshold procedures.

	2
	Higher than anticipated
	Breeding and maintenance of GA fish with mild phenotypes. 1684 fish were anaesthetised for fin clip biopsies (for genotyping). 7 fish did not recover from anaesthesia, so were culled by a S1 method and recorded as severe (7/1684 = 0.42% animals).

	3
	Lower than anticipated
	Breeding and maintenance of GA fish with moderate phenotypes.  Sumf1 homozygotes fish were expected to develop moderately harmful phenotypes. No harmful phenotype was observed in this line therefore breeding was recorded as sub-threshold. Other lines that were expected to have moderate phenotypes were maintained as heterozygous stocks where no adverse phenotypes manifest.

	5
	Lower than anticipated
	Characterisation of GA lines. Most fish used in this protocol either exposed to compounds (at non-toxic concentrations) by immersion or viewed by fluorescence microscopy, so underwent a mild procedure.  Some animals were used for behavioural analysis (video recording of behaviour and response to sound stimulus).  This was categorised as a subthreshold procedure. 

	7
	Lower than anticipated
	Longevity studies. Some GA lines which were expected to develop a moderate phenotype did not show any adverse phenotypes and so were classed as mild in this protocol.

	8
	Higher than anticipated
	Investigating modifiers of autophagy. Most fish used in this protocol either exposed to compounds (at non-toxic concentrations) by immersion or viewed by fluorescence microscopy, so underwent a mild procedure. 192 fish showed signs of toxicity when exposed to a compound even though the compound had been determined to be non-toxic at the concentration used in previous studies.  These animals were classed as severe.

	9
	Lower than anticipated
	Investigating modifiers of autophagy in GA lines that were expected to develop moderate phenotypes.  The GA lines in this protocol were expected to develop a moderate phenotype but did not show any adverse phenotypes and so were classed as mild.




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 2: Seven fish undergoing fin biopsy for genotyping (i.e. those in the mild category in Protocol 2) did not recover from anaesthesia (0.42%; 7/1677 animals).
Protocol 8: 192 larvae showed signs of toxicity when exposed to compounds that had previously been determined to be non-toxic (2.2%; 192/8743 larvae).

These did not result in Standard Condition 18 reports as these were listed as expected adverse effects in the Project Licence.



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

	2
	0.42%; 7/1677 animals

	8
	2.2%; 192/8743 larvae

	
	Details in 2.3



2.5 Were your estimated animal numbers accurately reflected in your actual animal usage as provided in Table 2.1 above?									         YES    NO

If no, please explain the why there was a difference.  Please do this on a protocol by protocol basis.
	Protocol No.
	If your numbers were less that estimated please explain why.

	1
	Improved transgenesis and mutation technologies adopted therefore less founder animals used to generate GA lines. Use of fluorescent makers in transgenic lines (e.g. GFP in the heart or lens) allowed screening of injected embryos with high levels of the reporter therefore less reared and screening. GA lines were not made during 2020 and part of 2021 due to Covid restrictions and limited access to the lab and fish facility.

	2
	Use of fluorescent markers in transgenic lines (e.g. GFP in the heart or lens) allowed screening for the reporter in embryos therefore 50% less animals were reared for these lines. Previously, the whole clutch would be reared and then fin clipped as adults and 50% would be culled as negative ID. Limited access to the fish facility and lab due to Covid restrictions during 2020 and part of 2021 had an impact on the number of animals we reared for the breeding colony. 

	3
	GA lines which we anticipated would have moderate phenotypes did not display harmful phenotypes in many cases. Most lines were maintained as heterozygous stocks in which there were no harmful phenotypes.

	4
	Less than estimated in PPL as staff changes meant that gamete collection was no longer possible at the Downing fish facility and this service was only established at AMB in 2021.  

	6
	As explained for Protocol 3, characterisation of lines expected to have a moderate phenotype demonstrated that these lines did not have any harmful phenotypes.

	7
	Some experiments have been delayed due to Covid. These experiments are underway and number of procedures will be as estimated by the end of the licence. 

	8
	In our Project Licence, we had intended to perform a CRISPR screen in transgenic fish where human tau protein is expressed under the control of the rhodopsin promoter (rho:tau fish).  This made up approximately 20,000 to 25,000 of the estimated number of animals for this protocol. The proposed screen in zebrafish was replaced with cell culture screens.  The hits from these screens were validated in vitro and then in zebrafish models.   

	9
	As described for Protocols 3 and 6, characterisation of lines expected to have a moderate phenotype demonstrated that these lines did not have any harmful phenotypes.



2.6 Have you re-used animals? 								         YES    NO

If so, why have you re-used animals and what has been the impact of re-use on the welfare of your animals?  Please also provide the species and number of animals re-used by protocol where re-use occurred.
	Species
	Protocol No. on which animals where/will be returned as re-used, why and what impact, if any, this re-use had on the welfare of your animals

	
	

	
	



2.7 Has there been any animal wastage? 							         YES    NO

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

Where wastage has occurred, please explain the circumstances and nature of the wastage plus an indication of the numbers of animals.  Please also provide either the number or percentage of animals that were wasted.
	Circumstances and nature: Animals were reared for the breeding and maintenance of GA stocks (Protocol 2). Under standard zebrafish husbandry protocols in the aquarium at the time of the PPL application, there was typically 50% - 70% survival of offspring in the nursery. We therefore often rear more GA offspring than we require as adult stock. Survival has improved since 2021 and is now typically ~85%.  In addition, zebrafish do not have sex chromosomes – sex is determined by a range of environmental factors.  As a result, often tanks of fish are biased to one sex therefore an excess stock is needed to ensure we have a balance of males and females in the breeding colony. This occurs in the wildtype stocks as well as GA stocks and is therefore standard husbandry. Animal wastage occurred when GA fish were reared but culled either due to an imbalance of sex ratios or when a higher number of animals survived than was expected.

Breeding stocks were culled (without ever being used) during Covid restrictions as fish facility and lab access was limited and we could not enter as frequently as we needed to ID stocks or perform genotyping.

	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol:
Protocol 2: 1595 animals in first the 4 years of the licence. Approximately 200 animals per year in 2019 and 2022.  This increased to 613 in 2020 and 543 in 2021, as a result of Covid restrictions (explained above).



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) We routinely incorporate a fluorescent transgenic reporter (e.g. GFP hearts), in our transgenic constructs, wherever possible. Therefore transgenic offspring can be screened by fluorescence microscopy before 5 d.p.f. (and often whilst still within the chorion therefore immobile i.e. without requirement for anaesthesia). This means that non-transgenic siblings can be identified and removed prior to 5 d.p.f. and are not reared unnecessarily.  In addition, this screening method means that we do not have to anaesthetise and fin clip adults. Breeding efficiency is also improved by breeding in group tanks (rather than pairs).  All stocks are kept in sex-balanced tanks to prevent females becoming “egg bound” and are bred regularly to optimise the breeding success and clutch size.
b) We are careful to only breed the number of fish we need to produce experimental offspring.  Excess larvae from experimental crosses are kept for post-mortem analysis (histology, biochemistry etc) and any others are culled prior to reaching licenced stages. Excess stock adult is generally culled and cannot be used for other purposes.
c) All of our published GA stocks are entered into the Zebrafish Information Network (ZFIN) database and are available to other researchers upon request. A database of GA lines held across the fish facilities at University of Cambridge has been generated and allows local users to request lines or share excess stock with one another. We store any GA lines that we are not currently working with as sperm stocks. This reduces the number of animals that we keep alive in Protocol 2 and means that stocks are available to other researchers, should they request them. There are zebrafish repositories in Germany and the USA but the huge bureaucracy involved in exporting animals means that both the price and the administration time involved has, to now, been prohibitive.



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

If you have answered YES to any of these questions please elaborate below:
	a) Stocks in the Downing facility are recorded in a FileMaker Pro database, for which the only copy is in the facility. Access to the facility is swipecard-protected and on a computer with individual password login and is therefore only accessible to users of this facility. The computer is not networked and therefore can only be accessed within the facility. In addition, database of GA lines held across the fish facilities at University of Cambridge has been generated and is accessible to all PIs.
b) All of our published GA stocks are entered into the Zebrafish Information Network (ZFIN) database and information about the lines is publicly available.
c) In the duration of this PPL, I have had one request to use one of my strains and have allowed them to do so, having checked that they have the appropriate permissions on their licence.
d) In the duration of this PPL, I have bred three different lines of my GA fish to provide offspring to other licence holders within the UK and to researchers in Germany and Hong Kong after confirming they had the relevant permissions on their licence and after we and they had satisfied the appropriate export/import requirements. Embryos were shipped to allow these research groups to establish their own transgenic lines. In addition, MTAs are currently being processed to allow me to send one GA strain to University of Bath and four GA lines to Luxembourg. I anticipate that these MTAs will be processed and the lines shipped prior to the completion of this PPL.



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





2.10	Have you been able to refine and/or reduce the impact of contingent harms arising from your use of animals (contingent harms are harms for example that arise from the transportation of animals, single housing animals or housing animals in non-Code of Practice accommodation, etc.).	         YES    NO

Please explain/provide examples.
	Transport: Zebrafish are transported as fertilised eggs and transportation is arranged so that the developing embryos/larvae arrive prior to 5 d.p.f. (prior to the onset of independent feeding).  
Single housing: We have refined our protocols to reduce the number of fish which are kept in single tanks.  Single housing is required when we are identifying founders for new GA lines.  We no longer house fish singly and instead house founders with wildtype fish with a different pigmentation pattern (e.g. if GA altered fish is “stripy”, it can be housed with “spotty” wildtype fish). Single housing is only used for ~24-48 hours after fin biopsy while awaiting genotyping results.  Fish are housed in a grid tank so that individuals can see one another.



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

	Species
	Source
	Approx. percentage

	zebrafish
	Bred in-house
	99%

	zebrafish
	Obtained from other licenced establishments
	1% (Zebrafish International Stock Center, Oregon, USA; Max Planck Institute for Biological Intelligence, Munich, Germany).



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

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

	
	
	

	
	
	



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? 									         YES    NO

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

	
	
	

	
	
	



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








3. 3Rs:

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

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

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














3.1 [bookmark: The_3Rs_definitions]Have you attempted or been able to replace any of your techniques or models with non-animal alternatives?  										         YES    NO

Please explain.
	We have performed genome-wide CRISPR screens in cell culture models rather than in zebrafish.  Instead, we have performed in vivo validation in zebrafish on a limited number of hits from these in vitro screens. We have developed technology to differentiate neurons from human induced pluripotent stem cells (iPSCs). These cells that have been derived from somatic cells and that have the capacity to self-renew and give rise to every other cell type in the body. We have also established a collaboration to work with a group who are able to generate organoids, self-organized three-dimensional tissue cultures that are derived from human induced pluripotent stem cells (iPSCs).



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

If so, how have you achieved this (e.g., through experimental design, changes to the regulated procedures used)? Please give an indication of the actual numbers reduced.
	We have used GA zebrafish where disease pathology manifests at unlicenced stages in preference to using lines where pathology manifests at licenced stages. In Protocol 8, we used 20-25,000 less animals than anticipated by replacing zebrafish assays with cell-based, in vitro assays. For the remaining 15 – 20,000 fish, we have reduced numbers by approximately 50% by using GA models where the disease manifests at unlicenced stages.



3.3 Are you involved with any tissue sharing either within the University or more widely?  No

Please explain:
	




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.

	Models:
Zebrafish models of neurodegeneration (GA models)
Zebrafish reporter lines to measure autophagic flux
Zebrafish inducible expression lines to manipulate autophagic flux with spatial and temporal control
Zebrafish harbouring null mutations in autophagy genes
Techniques:
Fluorescent microscopy – in zebrafish larvae to look at neurodegeneration pathology, protein clearance and autophagic flux.
CRISPR/Cas9 gene editing – injection into zebrafish eggs to generate stable genetic alteration and also for experiments on larvae in the injected generation. 
Injection of nucleic acids – to generate novel transgenic lines (disease models and reporters) and for transient expression (i.e. only within the injected generation).
Compound screening – in zebrafish larvae to identify drugs which ameliorate neurodegeneration.
Automated movement tracking – behaviour measurements.
Fluorescent cell sorting from fluorescent reporter lines.
	





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

	All models and techniques have been successful in helping us achieve the goals set out in our licence.





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

	
None that we were not able to overcome.




3.7 Have you attempted or been able to refine any of your techniques or models? 
         YES    NO
	
Please provide a list of techniques or models you have been able to refine and the refinements you have made.  Please indicate if you have published or disseminated this information during the tenure of this licence and attach a copy of the publication.
	We investigated the use of micro-abrasion of embryos (ZEG machine) to collect DNA for genotyping. This works by placing the embryos, one per well, in a small well with a mesh at the bottom.  The machine gently vibrates, causing some rubbing of the embryo on the mesh and results in some surface cells being shed into the surrounding medium. Publications by the creators of this machine report that micro-abrasion causes shedding of DNA which can then be collected from the media around the embryo and this can be used for genotyping.  It is reported that this can be done at unlicenced stages and does not affect viability and does not affect gene expression (e.g. for markers of stress or inflammation).  We arranged shipping of this machine from the US and tried extensively to optimise conditions to get this to work and also shared the equipment with researchers at the AMB. Neither group were able to get successful DNA collection and genotyping using this machine. We have disseminated this information to other University of Cambridge zebrafish groups.



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

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 monitoring sheets to record the well-being of fish during compound exposure experiments.  We have not needed to modify these during the tenure of the licence.



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

Please explain.
	The endpoints were appropriate and did not need to be modified.



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.

	Overdose of anaesthesia followed by snap freezing – used for larvae for collection of DNA, RNA or protein
Overdose of anaesthesia followed by immersion in fixative – used for larvae for histology or immunohistochemistry
Overdose of anaesthesia followed by immersion in iced water or buffer followed by freezing – on licence but not used
Where the presence of anaesthetic would be detrimental in subsequent tissue analysis,
animals (adults and larvae) rendered unconscious by immersion in ice-cold media followed
by decapitation (adults only) and snap freezing – used for larvae for pharmacokinetic analysis



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

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





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

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






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

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

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





4. Scientific Progress and Benefit Achievements:

4.1 Taking into consideration that your licence may not be due to expire, has your research progressed as you expected?									         YES    NO

4.2 When your licence is due to expire will you have completed the programme of work described in this licence? 										         YES    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).

	1) Where and when does autophagy occur in vivo and how do different tissues respond to autophagy
upregulation?
Lines which were generated in our previous PPL to allow spatial and temporal control of autophagic flux have now been fully characterised and this work published (Schlotawa et al., 2022). These lines have been essential in our progress towards understanding how non-neuronal cells (astrocytes and microglia) affect pathology in our neurodegenerative disease models. We have developed additional transgenic lines with constitutive upregulation of autophagy in either astrocytes or microglia and have preliminary data showing that this reduces neurodegenerative disease pathology. We are in talks to initiate a collaboration to perform single cell RNA sequencing on whole zebrafish larvae from these lines. This will allow us to identify to transcriptional changes that occur in different cell types both during the disease pathogenesis and in response to upregulated autophagy within discrete cell types. This will identify potential therapeutic targets without the need to perform drug or genetic screens. We have achieved what was intended within the 5 year duration of the PPL and this has opened up new, exciting avenues for further research which will form part of our new PPL application.
2) How do potential disease modifier genes and pharmacological agents alter disease progression in
zebrafish models of neurodegenerative diseases and related disorders?
Our aim was to investigate 5-8 modifier genes and/or pharmacological agents within the duration of this PPL. We have investigated 5 novel pathways that ameliorate neurodegenerative disease progression using a combination of genetic and pharmacological approaches (i.e. using CRISPR/Cas9 gene knockdown and small molecule inhibitors). One target (PDE5/Tadalafil) has been published (VerPlank et al., 2020) and papers have been submitted or are in preparation on a further 3 targets.  We would expect papers to be submitted on four of these five targets by July 2024 (the end of this PPL). For the fifth target, we have demonstrated that inhibition of this target ameliorates disease pathology in our zebrafish models of tauopathy and have just received funding for a 1 year study to perform pharmacokinetic analysis of the inhibitor in a mouse model of tauopathy (PP9164097).
3) Identification of novel disease-modifying pathways or agents using non-hypothesis based screens.
Our plan to perform a CRISPR screen to identify novel biological targets that alter neurodegenerative
disease severity using zebrafish tau transgenic lines was replaced by in vitro (cell-based) genome-wide screens).  The goals of this aim have been achieved in that we have identified a panel of novel genetic targets that, when inhibited, reduce the levels of toxic proteins in vitro. These targets have undergone in vitro validation and we aim to perform validation studies on 5-8 of these targets in our new PPL application. 
In addition, we had planned to perform a compound library screen to identify small molecules that ameliorate pathology in a zebrafish model of multiple sulfatase deficiency. However, we performed extensive characterisation of the zebrafish mutant of sumf1 (Fleming et al., 2022) and unexpectedly found that these animals do not display the same pathogenic phenotypes as observed in the mouse model and in human patients. The zebrafish model displays hallmark signs of multiple sulfatase deficiency in larval stages but these phenotypes resolve and the homozygous adults are viable and do not display any adverse phenotypes. Since the mutant line did not display the expected pathology, we did not perform the compound screen. However, our zebrafish mutant is an excellent model in which to investigate the mechanisms that “rescue” MSD pathology and this will be the subject of further unlicenced investigations using proteomic and transcriptomic analysis. 



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.).

	3) Identification of novel disease-modifying pathways or agents using non-hypothesis based screens.
We replaced our intended zebrafish CRISPR screen with an in vitro assay, as described in section 4.3.  This achieved the intended aim to identify novel disease-modifying pathways.
We did not perform a compound screen on the zebrafish model of multiple sulfatase deficiency since, when characterised, this model did not display the appropriate disease phenotype (as described in section 4.3).   



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 overall aim of the work in the PPL was to identify novel therapeutic pathways and small molecules to treat both common late-onset neurodegenerative disorders (ND) such as Alzheimer’s disease and also rare childhood degenerative disorders.  We have identified 3 different novel pathways/small molecules for that ameliorate pathology in our zebrafish models of ND via upregulation of autophagy and these will be or have been taken forward for studies in rodent models (a necessary step in preclinical testing). In addition, we have identified parallel strategies to treat these diseases, which would either be suitable for combination therapy or in cases where autophagy upregulation is not effective (VerPlank et al., 2020 and Lopez et al., submitted and under review). We have made it our focus to prioritise FDA-approved drugs since these are already approved for use in man and bioavailability and toxicology data is already available meaning that such compounds could rapidly be moved forward into clinical trials.  



4.6 Specifically, if you were unable to address any or even all your key scientific questions/objectives what impact did this have on the benefits arising from your work?

	Although we were not able to perform the proposed compound screen on the zebrafish model of multiple sulfatase deficiency, we have performed detailed characterisation of this model (Fleming et al., 2022).  From this detailed analysis, we can now design proteomic and transcriptomic experiments (which do not require licenced experiments), to identify the pathways are unique to zebrafish and allow the sumf1 mutant animals to survive in the absence of sulfatase activity.  These future studies could potentially identify rescuing mechanisms that could be tested in rodent models and eventually in man.



4.7 Were you able to identify/develop/implement any new scientific or technical developments during the tenure of this licence? 									          YES    NO

If so, what were these and what were/was the benefit(s)?  
	1) During our previous PPL, we developed the first ever vertebrate model to assess tau clearance in neurons in vivo (published in Lopez et al., 2017).  This is a powerful tool to assess the efficacy of drugs that are predicted to alter tau toxicity.  During this PPL, we have now developed similar models that allow us to assess alpha-synuclein clearance, the toxic protein associated with Parkinson’s disease (Lopez et al., 2022).  This widens the repertoire of neurodegenerative diseases that we can study and increase the impact of our work.  We have shared these transgenic lines with labs in the UK and EU.  
2) We have developed transgenic lines with constitutive upregulation of autophagy in discrete cell types, namely astrocytes and microglia, and have pilot data demonstrating that degeneration in the CNS is ameliorated by upregulation of autophagy in these non-neuronal cells. These transgenic lines and this pilot work will form the basis of future grant applications and will form part of the work in our new PPL application.  
3) We have developed a zebrafish model of Beta-propeller associated neurodegeneration (BPAN), a rare, childhood-onset neurodegenerative disorder. Using in vitro experiments in cell culture and in vivo experiments in zebrafish, we have identified a form of cell death, ferroptosis, that contributes to the degeneration observed in this BPAN. This work will be developed further in our new PPL application. 
4) We have developed techniques to isolate distinct cell types from larval zebrafish using FACS.  This will allow us to perform biochemical, proteomic and transcriptomic analysis on different cell types and will not require the use of licenced experiments (i.e. can be performed at unlicenced stages or on licenced stages using schedule one culled larvae).




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.
	VerPlank, J.J.S., Tyrkalska, S.D., Fleming, A., Rubinsztein, D.C., Goldberg, A.L. (2020). cGMP via PKG activates 26S proteasomes and enhances degradation of proteins, including ones that cause neurodegenerative diseases. Proc Natl Acad Sci 117(25):14220-14230. 
[3Rs – use of larvae at unlicenced stages]
Lopez, A., Fleming, A., Rubinsztein, D.C. (2020). Measurement of neuronal tau clearance in vivo. Book Chapter in “Imaging and Quantifying Neuronal Autophagy”, Neuromethods series, Volume 171: 79-97.
[3Rs – use of larvae at unlicenced stages] 
Lopez, A, Gorb, A, Palha, N, Fleming, A, Rubinsztein D.C. (2022). A New Zebrafish Model to Measure Neuronal α-Synuclein Clearance In Vivo. Genes (Basel) 13(5):868. 
[3Rs – use of larvae at unlicenced stages]
Fleming, A., Xuan, L.Z., Sanchez-Elexpuru, G, Williams, S.V., Windell, D, Gelb, M.H., Herbst, Z.M., Schlotawa, L, Rubinsztein, D.C.(2022). Unexpected Phenotype Reversion and Survival in a Zebrafish Model of Multiple Sulfatase Deficiency. Front Cell Dev Biol. 10:843079. 
Schlotawa, L, Lopez, A, Sanchez-Elexpuru, G, Tyrkalska, S.D., Rubinsztein, D.C., Fleming, A. (2022). A novel system for spatial and temporal control of autophagy in vivo. Autophagy 19(5):1582-1595. 
[3Rs – use of larvae at unlicenced stages]

	Publications pending, or under review:
Under review:
1) Carbonic anhydrase inhibition ameliorates tau toxicity via enhanced tau secretion
2) WIPI4 depletion causes autophagy-independent PE-dependent ferroptosis
Pending:
2 papers likely to be submitted by the end of this PPL.  Each paper describes a novel mechanism for the upregulation of autophagy and amelioration of neurodegenerative disease.


	Presentations at scientific meetings (2019 onwards):
[bookmark: _Hlk105507509]Keystone Symposium: Autophagy: From Model Systems to Therapeutic Opportunities (Santa Fe 2019), Autophagy, Inflammation & Metabolism Annual Meeting & Symposium (Albuquerque (2019), British Inflammation Research Association meeting on Autophagy (2019), FASEB – The Protein Aggregation Conference (Snowmass, 2019), Gordon Research Conference on Stress Proteins in Growth, Development and Disease (Barga, 2019), Imperial College Alzheimer’s Research Network Symposium (London 2019), EMBO Autophagy Workshop 2019 (Crieff, Scotland), European Society of Neurochemistry 2019 (Milan), Basel Life – Aging and drug discovery and AI (Basel, 2019), Inaugural International Symposium of Cell Fate Determination (Shanghai 2019), 9th International Symposium on Autophagy (Taipei 2019), Alzheimer’s Research UK East Network 2019 Annual Scientific meeting (Cambridge 2019), Roger de Spoelberch Prize 10 years Symposium (Geneva, 2019), International conference on Autophagy and Lysosomes: function, signaling and diseases (Bangalore, India (2020)),  The Pathological Society of Great Britain and Ireland winter meeting (London 2020), Adler Symposium 2020 (Salk Institute San Diego), North American Protein Degradation Congress (San Diego, 2020), The Autophagy, Inflammation, and Metabolism (AIM) 2020 International eSymposium (online talk), JRNL Club (2020) (https://jrnlclub.org/research-films/leucine-signals-acetyl-coenzymea), Keystone eSymposia on Autophagy: Mechanisms and Disease (2020), Autophagy India Network – Institute of Life Sciences autophagy Webinar series (2020), ABCAM Webinar – Autophagy and Neurodegeneration (2020);  1st Targeted Protein Degradation Europe (2021), IASP 2021 Virtual World Congress on Pain (2021); 10th Student meeting of Neuroscience NeRi 2021 University of Rijeka in Croatia (2021); Autophagy UK 2021 (Plenary Speaker); Medicine at the Crick (The Francis Crick Institute London 2021); Portuguese Society for Neuroscience (Coimbra 2021), New York Academy of Sciences, Neurodegeneration and Proteostasis (New York 2022); Gordon conference autophagy (Ventura 2022); EMBO workshop – Autophagy in brain health and disease (Barcelona 2022); ESPEN Conference (Vienna 2022); 24th biannual ESGLD workshop and graduate course of European Study Group on Lysosomal Diseases (Lancaster 2022), GRK2162 Symposium Developmental Processes in CNS Plasticity and Pathogenesis (Erlangen 2022), Women in Autophagy workshop (2022 online); CNRS - Jacques Monod Conference “Protein phase transitions in ageing and age-related diseases: from atomic resolution to cellular solutions" - Roscoff, (2022); The 10th International Symposium on Autophagy (ISA2022) (Sapporo, 2022); 2nd Sichuan Neuroscience Congress (2022; Chengdu China – by zoom), Minisymposium on Autophagy CSIR-Institute of Genomics and Integrative Biology, Keynote speaker (IGIB) Dehli (2023), Keystone Conference (Snowbird Utah 2023) Autophagy and Neurodegeneration; Emerging themes in Proteostasis in Health and Disease (Tel Aviv 2023, Keynote speaker), British Neuroscience Association (Brighton, 2023); 8th Annual Autophagy UK Network Meeting (Keynote speaker) 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    NO

If you answered NO: why?
	



If you answered YES: how, where (i.e., what medium did you use) and when did you engage with the public, what sort of information did you disseminate and what was the outcome?
	British Council/CIC bioGUNE  - public lecture in Bilbao (2018), Addenbrooke’s Hospital Huntington’s disease patients (2018);  Addenbrooke’s Hospital Parkinson’s disease patients (2018), Trinity College Medical Society (2019), Manchester Philosophical Society (School talk to 3 schools, 2019), extended radio interview on Help 4 HD Live; Help 4 HD International (2020); wrote article for Early-Career Scientist channel of the FEBS Network: https://network.febs.org/channels/723-early-career-scientist/posts/58222-what-should-i-read; SophieCo.Visionaries (2021) - extended interview on autophagy https://www.rt.com/shows/sophieco-visionaries/541367-david-rubinsztein-autophagy-phenomenon/; PSMC5 Foundation (2023), Cambridge Neurological Society conference 2023 (Medical and PhD students); Cambridge Institute for Medical Research Support Staff Retreat (2023); 
These talks described how autophagy induction can ameliorate neurodegeneration and how autophagy may be compromised in these diseases.

Our paper on felodipine was covered by a number of regional, national and science news outlets including the Daily Mail, The Sun, Science Daily, Genetic Engineering & Biotechnology News, Brinkwire.






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.

	None





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.

	ASRU_University of Cambridge_P173861E7_Rubinsztein_01032023_sc18
ASRU_University of Cambridge_P173861E7_Rubinsztein_10032023_sc18
University of Cambridge_P173861E7_Rubinsztein_05122022_sc18




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).

	None





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).

	RCA: 
Incident date 18/07/2022
Summary: Fish 10 dpf (protected) were taken for confocal microscope viewing under terminal anaesthesia to a room that was not designated on the Establishment licence.  
Outcome and Actions: 
Study plans updated to clearly state which rooms are designated for microscopy work. Study plans signed off by NACWO.
Room now designated.
Signage added to all facility rooms to easily and visually indicate the correctly designated purpose of each room. 



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.)?

	None






6 Retrospective Review:  

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

	Completed copy of this form
	

	Copies of Condition 18 reports (if applicable)
	

	Copies of 3Rs publications (if applicable)
	







For UBS office use only:
	
	Date

	1. Retrospective review form sent to project licence holder
	21/04/2023

	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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