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 Allan Herbison
	

	Contact details:
Address & tel.


	Department of Physiology, Development and Neuroscience
Downing Site CB2 3AG
	

	Project No.
	P174441DE

	Project title
	Neural regulation of fertility

	Project purpose
	To establish the detailed molecular, electrical, and functional attributes of the arcuate nucleus and preoptic area kisspeptin neuron populations in relation to the control of fertility.



	Date licence was granted
	30/07/2019

	Date of retrospective review is sent to the PPLh
	19/05/2023




The following are the triggers for licence Retrospective Review:
If you are completing this form because you have been asked to complete a Retrospective Review and our UBS staff have completed this box for you.  Please check that you agree with the selection made and correct if you believe the information is incorrect.

	A
	
	My licence is due to expire in 6 to 12 months time and I have no plans to write a new licence


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

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


	D
	
	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
	100
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	4
	0
	0
	4

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	
	
	4 

	2
	Mice
	Mild
	100
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	
	
	0

	3
	Mice
	Moderate
	100
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	
	
	

	4
	Mice
	Moderate
	20
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	
	
	0

	5
	Mice
	Mild
	9000
	1st year
	0
	23
	1
	0
	0
	24

	
	
	
	
	2nd year
	0
	836
	8
	0
	8
	852

	
	
	
	
	3rd year
	0
	2248
	11
	0
	8
	2267

	
	
	
	
	4th year
	0
	2334
	99
	0
	17
	2450

	
	
	
	
	5th year
	0
	1381
	20
	0
	4
	1405

	
	
	
	
	Total
	
	
	
	
	
	6998

	5
	Rat
	Mild
	280
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	
	
	0

	6
	Mice
	Moderate
	700
	1st year
	0
	0
	0
	5
	0
	5

	
	
	
	
	2nd year
	0
	0
	96
	8
	0
	104

	
	
	
	
	3rd year
	0
	0
	77
	22
	0
	99

	
	
	
	
	4th year
	0
	0
	54
	7
	0
	61

	
	
	
	
	5th year
	0
	0
	30
	10
	0
	40

	
	
	
	
	Total
	
	
	
	
	
	309 

	7
	Mice
	Moderate
	300
	
	
	
	
	
	
	

	
	
	
	
	1st year
	0
	0
	0
	4
	0
	4

	
	
	
	
	2nd year
	0
	0
	0
	30
	0
	30

	
	
	
	
	3rd year
	0
	0
	0
	32
	0
	32

	
	
	
	
	4th year
	0
	0
	0
	8
	0
	8

	
	
	
	
	5th year
	0
	0
	0
	21
	0
	21

	
	
	
	
	Total
	
	
	
	
	
	95 

	8
	Mice
	Moderate
	800
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	28
	0
	28

	
	
	
	
	3rd year
	0
	0
	0
	204
	0
	204

	
	
	
	
	4th year
	0
	0
	0
	252
	0
	252

	
	
	
	
	5th year
	0
	0
	0
	114
	1
	115

	
	
	
	
	Total
	
	
	
	
	
	599 

	8
	Rat
	Moderate
	70
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	
	
	0

	9
	Mice
	Moderate
	250
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	29
	12
	0
	41

	
	
	
	
	3rd year
	0
	0
	39
	33
	0
	72

	
	
	
	
	4th year
	0
	0
	16
	37
	0
	53

	
	
	
	
	5th year
	0
	0
	22
	26
	0
	48

	
	
	
	
	Total
	
	
	
	
	
	214 

	
	
	
	
	
	
	
	
	
	Whole Total
	



*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?  Yes.

	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).

	See Section 5.2. for Section 18 events (four).
The PCOS mouse model that we used created some concern with the animal technicians due to the presence of small transient (weeks 7 to 12) cyst-like features around the genitalia of treated mice and also delayed vaginal opening. This affected approximately 30 (20%) PCOS female offspring and is not expected to be harmful. This was explained to animal staff and amendments made to the licence so that these issues were noted as “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

	5
	20% of mice were born but died or were culled before weaning. 
This comprised; 104 runted mice (1.3%), mice described as “sick” (1.8%), mice found dead at time of brith (5.8%), mice listed as “missing” (10%) being those mice born but presumably then eaten by their mothers.

	
	

	
	



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.

	1-4
	I was told to include these protocols in my licence in case re-derivation was required. In the end we only used 4 mice for sperm freezing.

	6 & 7
	Changes to genetic models resulted in us using less of these mice and more in Protocol 8 where we requested an amended number (see below).

	Rats
	No rats have yet used since the amendment including them last year.



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:
As noted above in 2.4, there is considerable wastage of mice during breeding through ill-health. This is not related to any specific genetic line of mouse.  The other major source of “wastage” is our use of genetic crosses where typically 25 or 12.5% of mice are used for experiments. 



	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol:
To date, wastage due to poor health is 20.6% (1,446 mice).
To date, wastage due to incorrect genotype for experimental work is 62% (4,335).




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) Breeding is managed very carefully and efficiently by the laboratory manager working closely with the post-doctoral scientists and PhD students. We have a strict overall cage limit set for the laboratory by financial restraints. Future projections from experimenters are factored into the breeding strategy so that very few mice are spare and, in reality, we are almost always short of experimental mice. 
b) In the rare cases that we do have excess wild-type mice, they are offered to other investigators.
c) We use the MCMS to manage breeding and also to look for other mouse lines that we would like to use. This has been difficult in the past but MCMS has greatly improved our ability to search for mouse lines in Cambridge. However, the international JAX (USA) and RIKEN (Japan) data bases are the most useful.  




2.9	If you breed genetically altered animals are your strains recorded on a database (e.g., MCMS) that can be 
		a) accessed by other researchers at the University?					         YES    
		b) accessed by researchers outside the University?				 	           NO
		c) would you allow other researchers at the University to use your strains?	         YES   
		d) would you allow external researchers to use your strains with an MTA applied?	         YES   

If you have answered YES to any of these questions please elaborate below:
	On MCMS.






If you have answered NO to any of these questions please explain why.
	
To my knowledge, MCMS is not available to researchers outside the university.




2.10	Have you been able to refine and/or reduce the impact of contingent harms arising from your use of animals (contingent harms are harms for example that arise from the transportation of animals, single housing animals or housing animals in non-Code of Practice accommodation, etc.).	         YES   

Please explain/provide examples.
	We continue to explore options for group housing of mice with head implants following stereotaxic surgery that are typically single housed. For the animals implanted with stainless steel headgear, we are able to group house them post-surgery as the mice are unable to damage to the headgear. However other probes made with more delicate material can easily be damaged by other cage mates therefore those implanted with such probes continue to be single-housed.




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

	Species
	Source
	Approx. percentage

	Mouse
	Breeding
	97%

	Mouse
	Charles River
	2%

	Mouse
	Overseas
	1%



2.12	During the tenure of the licence have you requested an amendment to increase/decrease animal numbers?  											         YES    

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

	5
	7000
	9000

	8
	600
	800



If you have increased or decreased animal numbers please explain why this was necessary?
	Developments in technology have meant many of the mice intended for use in Protocols 6 & 7 have been used under Protocol 8. We requested an increase in the Protocol 8 allocation of mice to 800. 
In reviewing our Breeding and Maintenance usage (Protocol 5, mild severity) in September 2022, we noted that we have used 74% of the allocation. This was due to our increasing use of genetic mouse lines in which only one quarter of mice are of the correct genotype and the increasing move of our group to only examine females; effectively resulting in 1:8 mice being used in experiments. High neonatal death rates in CAF were also becoming a factor. We applied to have Protocol 5 numbers increased from 7,000 to 9,000. 





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?  										        NO

Please explain.
	Despite the advances in organoids and modelling approaches, it remains that genetically-modified are the only effectively way of interrogating the neuroendocrine physiology of fertility. We are in contact with the world-leaders in brain organoid development as well as those generating human hypothalamic cell lines here in Cambridge but are informed that no progress has been made in terms of the hypothalamus or kisspeptin neurons.





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:
	
I understand that there have been occasions where abdominal organs from our mice have been obtained by others after our animals have been euthanised in CAF.




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.

	All most all of our work involves genetically modified mouse lines. Techniques are:

Vaginal lavage to assess estrous cycle
Tail-tip blood sampling
S.C./I.P./P.O. administration of drugs
Gonadectomy
Intracerebral surgery and placement of recording probes, injection of viruses
Recordings of brain activity by fibre optics and/or EEG.
Application of stressors (acute immobolisation, manipulation of sleep-wake cycle, acute fasting)




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

	All of these models and techniques have been effective and achieved their purpose.





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

	Initial limitations were based around misalignments between our intentions as stated in our protocols and their interpretation by animal technicians or MCMS project requirements. These were gradually teased out through multiple amendments to our licence over the first 2 years.

As is the case with on-going explorative research, we increasingly encountered situations where we would like to undertake experiments not covered by our current licence. This was both in terms of modifying existing protocols as well as introducing completely new aspects. These limitations were all addressed by making amendments to our licence. This is effective but certainly slows down the pace of experimental progress. 





3.7 Have you attempted or been able to refine any of your techniques or models? 
         YES    
	
Please provide a list of techniques or models you have been able to refine and the refinements you have made.  Please indicate if you have published or disseminated this information during the tenure of this licence and attach a copy of the publication.
	As noted in 4.7 below, we found that a particular genetic cross saved mice from having to have intracerebral stereotaxic injections of adeno-associated viruses. This was a substantial refinement and for some mice, resulted in them having no surgery at all, while for others, their surgery times were greatly reduced and viral infection was avoided. The flip side is that this requires more mouse breeding. These models have recently been published (Han et al., Cell Reports 2023). 

As noted in 2.1, We continue to explore options for group housing of mice with head implants following stereotaxic surgery. For the animals implanted with stainless steel headgear, we are able to group house them post-surgery as the mice are unable to damage to the headgear. However other probes made with more delicate material can easily be damaged by other cage mates therefore those implanted with such probes continue to be single-housed. We continue to examine this issue.





3.8 Do you use systems to monitor the welfare of your experimental animals (e.g., scoring sheet)?													         YES    
If not, why?
	





If you do use a welfare monitoring system, what do you use?  Did you refine or modify your system during the tenure of your licence and what impact did this have?
	We use
1. UBS post-operative recordings sheets for 5 days after surgery
2. CAF husbandry recordings sheets every day (as we look after our own mice)
3. MCMS procedure recordings





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.

	Decapitation (not used)
Perfusion fixation (used)



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

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





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

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






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

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

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









4. Scientific Progress and Benefit Achievements:

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

	1) Define the mechanism by which the arcuate kisspeptin neurons synchronise their activity to generate GnRH/LH pulses and discover how this is modulated by internal and external cues. 
Work just recently published (Han et al. Cell Reports) demonstrated that the arcuate kisspeptin neurons utilize glutamate, dynorphin and neurokinin B transmitters in a highly stereotyped manner to generate synchronised activity in male mice. This is the first concerted investigation into the mechanism by which the brain drives pulsatile reproductive hormone secretion and contradicts previous speculative models. On-going work examines whether this is the same mechanism in female mice. Together, these investigations will provide a framework for understanding how normal episodic hormone secretion occurs in humans and should be of eventual benefit in the clinic. Indeed, the new model we propose now explains many of the fertility characteristics of human individuals with relevant mutations.
Work examining the modulation of the pulse generator by hormonal feedback that began in New Zealand have been completed in Cambridge and published recently (McQuillan et al., Nature Commun). This demonstrates conclusively that the ability of circulating estrogens to modulate the activity of the pulse generator is dependent upon the ESR1 estrogen receptor sub-type expressed by arcuate kisspeptin neurons. This has important implications for understanding the normal physiology of fertility control as well as the post-menopausal rearrangements that generate disturbed hormonal signalling.
Other ongoing work focusses on the effects of the brainstem noradrenergic and serotoninergic neurons in modulating the activity of the pulse generator. We have discovered an entirely unexpected strong correlation between transitions in overall brain activity (EEG) and the initiation of the pulse generator. This work has formed the basis for a current BBSRC grant application.
2) Discover whether abnormal arcuate kisspeptin neuron activity is responsible for generating the hormonal abnormalities associated with polycystic ovary syndrome (PCOS). 
Surprisingly, we have found that the most popular mouse model of PCOS called the pre-natal androgen (PNA) model does not have any substantial pathology associated with the arcuate kisspeptin pulse generator. This is very unexpected as the PNA model has been used worldwide in a variety of species to investigate many aspects of PCOS including the high pulse frequency observed in most women with PCOS. The work was presented at the US Endocrine Society meeting in June 2023. We have subsequently examined another mouse model of PCOS (perinatal androgen exposure) and also found that the pulse generator is not operating at a faster rate. These disappointing but important observations indicate that there is probably no good mouse model of PCOS that shares the high hormone secretion of women with PCOS. 
3) Define the specific sub-population of preoptic kisspeptin neurons that project to the GnRH neurons and discover the mechanism through which they control the onset of the GnRH surge. 
Due to lost time over the covid epidemic, we agreed with the Wellcome Trust that this objective would not be a priority. Nevertheless, we are about to publish some very interesting work (Yeo et al.,) showing that the different sub-populations of GnRH neurons are responsible for triggering the preovulatory GnRH surge with each estrous cycle. This again is very unexpected and may represent an important “fail-safe” mechanism that allows this important physiological event to occur on a regular basis. It remains unclear whether we will be able to complete work looking at which preoptic kisspeptin neurons are responsible for activating the GnRH neurons.
One interesting observation in the course of this work (Wall et al., 2023) has been that the fundamental patterns of reproductive hormones secreted throughout the mouse estrous cycle are not always the same as those found in humans and other mammals. It is remarkable that this had never been looked at with any thoroughness in the past and provides an important baseline data set for investigators using mice.


	



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.).

	The most substantial issue has been the COVID epidemic. We arrived in Cambridge to start up our lab and 4 months later COVID arrived. This had a major impact on our ability to set up the laboratory and become operational. 

We experienced further delays when UBS unexpectedly closed the animal unit we had just set up in.





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 principal benefit of our work is an enhanced understanding of how the brain orchestrates reproductive hormone secretion. As outlined above, we now have a good framework for understanding how pulsatile reproductive hormone secretion is generated and how this can be modulated by hormones and by neural inputs. Further work is required.

We have proven the current PCOS mouse models to be inappropriate for examining reproductive hormone features of PCOS in women. While disappointing for the field, this is important to know. 





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

	
The lack of an appropriate mouse model for PCOS now impacts on our ability to understand the pathophysiology of this disease.




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 found that genetic cross between Cre driver lines and the new Ai162 Cre-dependent GCaMP mouse line enabled us to make in vivo recordings of neural activity without the need for a prior injection of adeno-associated virus (AAV) into the brain. This made stereotaxic surgery quicker and did not result in the requirement for viral infection of the brain. The downside was that it required extra breeding to generate the genetic cross.




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:
McQuillan HJ, Clarkson J, Kauff A, Han SY, Yip SH, Cheong I, Porteous P, Heather AK, Herbison AE (2022) Definition of the estrogen negative feedback pathway controlling the GnRH pulse generator in female mice. Nature Commun 13, 7433. doi.org/10.1038/s41467-022-35243-z 
Han SY, Morris PG, Kim JC, Guru S, Pardo-Navarro M, Yeo S-H, McQuillan HJ, Herbison AE (2023) Mechanism of kisspeptin neuron synchronization for pulsatile hormone secretion in male mice. Cell Reports 42, 111914. doi.org/10.1016/j.celrep.2022.111914 

Wall EG, Desai R, Aung ZK, Yeo SH, Grattan DR, Handelsman DJ, Herbison AE (2023) Unexpected plasma gonadal steroid and reproductive hormone levels across the mouse estrous cycle. Endocrinology 164, doi.org/10.1210/endocr/bqad070.



	Publications pending, or under review:

Morris, PG, Herbison AE (2023) Mechanism of arcuate kisspeptin neuron synchronization in acute brain slices from female mice.

Han SY, Yeo S-H, Herbison AE (2023) Multi-modal activity patterns of gonadotropin-releasing hormone neurons in the male and female mouse.

Vas S, Wall EG, Zhou Z, Han S, Herbison AE (2023) Long-term recordings of the arcuate kisspeptin neuron pulse generator across the mouse estrous cycle.

Zhou Z, Herbison AE (2023) GnRH pulse generator activity in mouse models of polycystic ovary syndrome.

Yeo SH, Herbison AE (2023) Varying sub-populations of GnRH neurons underlie each preovulatory surge in the mouse.


	Presentations at scientific meetings:

· Symposium: British Neuroendocrine Society Annual Meeting, Exeter (2023)
· Plenary: British Endocrine Society Annual Meeting, Glasgow (2023)
· Mike McClure Pioneer Award Lecture, Woods Hole, USA (2023)
· Meet-the-Scientist Session, US Endocrine Society, Chicago (2023)
· Nobel Symposium on Neuropeptides, Karolinska Institutet, Sweden (2022)
· 45th Symposium on Hormone and Cell Regulation, Mont Sainte-Odile, France (2022)
· Symposium: 4th World Kisspeptin Conference, Glasgow, Scotland (2022)
· Symposium: Gareth Leng Festschrift, Edinburgh, Scotland (2022)
· 2nd Symposium on Super-Resolution and Advanced Microscopy and Istvan Abraham Memorial Workshop, Pecs, Hungary (2022)
· Symposium: NeuroFrance, Strasbourg, France (2021) 
· Symposium: US Endocrine Society, San Diego, USA (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?					          NO

If you answered NO: why?
	There were initially plans to speak widely in the UK when I arrived, but COVID followed a few months later and these were abandoned.

When we published our first key results, I contacted the university media office who gently explained that our observations were not of sufficient public interest for them to engage.





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?
	







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.

	March 2020 amendment request. 
The amendments requested are unlikely to impact further on the health and welfare of the animals and are intended primarily to provide clarification of existing licence authorities. 
Protocol 7: This protocol examines LH secretion in gonadectomized mice. In rare cases, it is important to be able to assess the estrous cycles of mice as well as their response to gonadectomy. Vaginal smears have been included as a step.
Protocol 8: The recording step is currently ‘included’ in Step 2i) and 2ii) and 3. However, this does not align well with the Study Plan need for a specific “recording step” to be listed and this amendment is to add step 10, which will now refer back to Steps 2 and 3 where surgical device implantation occurs. 
Protocol 9: Additional useful information could be obtained if female mice were examined around the time of puberty to gauge vaginal opening and vaginal lavage. The current wording states “... used for investigations when adult” and, strictly, this does not include the peripubertal period. Male mice are of no use or interest in this protocol and therefore to reduce the holding of such animals they will be culled. The license currently states that this happens at birth. However, it is now evident that it is not possible to sex male pups at birth from the Kiss1-Cre line, hence the request to allow male pups to be culled when sexed at weaning. 
July 2021 Amendment request.
Protocol 8: This protocol enables electrical and optical recordings to be undertaken in freely-behaving mice. The modification will allow for EEG recordings to be undertaken. This involves the implantation of small EEG electrodes on the surface of the brain (Step 2, point i.) as well as the insertion of spring electrodes in to the trapezoid muscles of the neck. The latter procedure is not covered by the current license and a point iv. is now added for intramuscular wire insertion. As a mouse will have EEG electrodes (point i), an intracerebral optic fibre (point ii) and an intramuscular electrode (new point iv), we need to amend Step 2 to state that “up to three of the following”. 
Protocol 9: This protocol is used to examine mouse models of PCOS. Presently male mice are killed up until weaning. Practically, we realise that some male mice from vehicle-treated dams could be used for breeding in our colonies and made available to others and it seems a waste to cull them. We have removed the wording “Male pups are culled at any point up until weaning”. 
We have also noted the presence of small transient (weeks 7 to 12) cyst-like features around the genitalia of aa approximately 20% PCOS female offspring. These do not appear to be harmful, and this observation is now noted in the Adverse Effects section of the protocol. 
October 2021 Amendment request. 
Protocol 8: Inclusion of “juvenile” in the Life stage classification. This allows us to implant slow-release hormone capsules s.c. in postnatal day 21 mice to manipulate pubertal hormone levels before they are used for experiments as adults. The slow-release Silastic capsules (2 mm wide and 10 mm long) are implanted between the scapulae, as for adult mice. 
May 2022 Amendment request Protocol 6. 
a) Include up to 24h fasting as a stressor. This has recently been shown to be a short-term stressor that very effectively suppresses pulsatile LH secretion. This would become our preferred protocol for examining the impact of nutrition on fertility compared with the chronic undernutrition protocol currently listed. 
Protocol 8.
Amendments are requested to – 
b) Step 1. is changed to accommodate all forms of intracerebral surgery so as no one step is now mandatory. 
c) Include up to 24h fasting as a stressor. This has recently been shown to be a short-term stressor that very effectively suppresses pulsatile LH secretion. This would become our preferred protocol for examining the impact of nutrition on fertility compared with the chronic undernutrition protocol currently listed. 
d) Enable continuous tethering for our EEG recordings over a period of up to 4 weeks. This is the standard methodology for chronic EEG studies and would allow mice to be housed undisturbed. 
e) Modify the mouse sleep-wake cycle by either adding new bedding to the cage just before lights on or temporarily shifting the circadian light:dark cycle to 10:10 hours. 
September 2022 Amendment request 
a) a) Include the use of rats in Protocol 8. Appropriate genetically modified rats are now available, and their larger size will allow us to use our current miniaturized mouse technology to look at the activation of the pulse generator around the time of puberty. This will require the addition of Rats to the Protocol 5 (breeding and maintenance) and Protocol 8 (Recording and manipulating brain activity in vivo). We estimate that 280 rats will be required over the remaining two years of the license. As these studies use genetically modified rats and experiments are only undertaken in females, only 25% of bred rats will be used for experiments. 
b) Modification of mouse numbers used in the project. See 2.12.
c) Extension of optical recording sessions to a maximum of 96 hours. Mice have a four-day estrous cycle and it has now become apparent that continuous recordings over a complete cycle will be required to characterise fully the changing activity of the GnRH pulse generator. Also, given that the onset of puberty is a gradual process, we will need to be able to make longer-term continuous recordings to catch the initiation of puberty. 
d) To facilitate a collaboration with a Belgian group we would like the be able to assess the activity of the GnRH pulse generator in the context of aggression. We have included a new step in protocol 8 using the laboratory standard "resident-intruder-test" that allows the recorded male mouse to be exposed to a smaller, unfamiliar male for periods of up to 10 min. A new protocol 10 was considered the most appropriate way to enable the smaller male mouse to be included in the licence. 
e) Protocol 8. Step 7. Revised to make this less ambiguous for drinking water administration and to increase the maximum number of SC and IP injections from four to six to accommodate planned long- term in vivo studies. 
f) Protocol 9. Adverse effects. Have added vaginal opening may be delayed in some mice as this has been of concern to animal technicians. 
May 2023 Amendment request 
a) include a new Protocol 11 that allows us to establish where compounds are acting in the brain to alter LH secretion using functional magnetic resonance imaging (fMRI). This involves compound administration with MRI scanning of the whole brain in terminal anaesthetised mice. 
b) modify Protocol 6, new step 5 to allow SC/IP compound administration followed by terminal anaesthesia and perfusion fixation so that immunohistochemical analysis of brain activity can be performed. 
NB. Changes to protocol 8 were subsequently removed and it is unchanged. 




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.

	
7.2.20  Ethanol in s.c. injection (n=1)
15.10.20 Post-operative death (n=1)
12.02.22 PND 21 fiasco (n=12)
16.09.22 Glue in eye (n=1)


	



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).

	
None




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.)?

	· The unexpected closure of the Anatomy facility created substantial management issues alongside the requirement for excess breeding and lost experimental time as we were required to move to CAF.
· The poor health conditions of the CAF has had a substantial effect on the quality of mice available to us, with large numbers of dead pups and runted mice. This has required over-breeding to try and compensate but we remain with sub-optimal mice. The issue remains unresolved.








6 Retrospective Review:  

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

	Completed copy of this form
	

	Copies of Condition 18 reports (if applicable)
	

	Copies of 3Rs publications (if applicable)
	







For UBS office use only:
	
	Date

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

	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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