Animals (Scientific
Procedures)
Act 1986

Non-technical summaries for project
licences granted January — March 2026
that require a retrospective assessment

1|Page



i

Home Office
Contents
1. Adoptive cell transfer for cancer immunotherapy 3
2. Development and Refinement of Methodology 14
3. Ecotoxicity Studies with Amphibians 22
4. Neural mechanisms of cognition 33
5. Neuronal Basis of Somatosensorial and Pathological Pain 58
6. Spinal circuits underlying pain sensation 69
7. Testing novel vaccines in rodent models 78
8. Controlling Cell Proliferation in Cancer and Regeneration 91
9. Training in Murine Polio Intraspinal Inoculations 109
10. Characterisation of normal Haematopoietic Stem and Progenitor cell function to
understand and target mechanisms of haematological malignancy initiation, maintenance
and relapse 119
11. Development of novel PET and SPECT imaging biomarkers 142
12. Exploring novel strategies for cardioprotection 155
13. Mechanisms of Progressive Cardiac Dysfunction 172
14. Non-clinical evaluation of implants and medical devices 183
15. Pathogenesis and therapy of cardiovascular diseases 198

2|Page




i

Home Office

1. Adoptive cell transfer for cancer immunotherapy

Project duration
5 years 0 months
Project purpose

e (a) Basic research
¢ (b) Translational or applied research with one of the following aims:
o (i) Avoidance, prevention, diagnosis or treatment of disease, ill-health or
abnormality, or their effects, in man, animals or plants

Key words

Cancer, Immunotherapy, Chimeric antigen receptors, Adoptively transferred T cells

Animal types Life stages

Mice Embryo and egg, Neonate, Juvenile, Adult,
Pregnant adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

e Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

T cells are blood cells that help fight infection or even cancer. This project focuses on the
development of therapeutic T cells for the effective and safe treatment of cancer.

A retrospective assessment of these aims will be due by 7 July 2031

The PPL holder will be required to disclose:
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e Is there a plan for this work to continue under another licence?
e Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

Therapeutic T cells, particularly chimeric antigen receptor (CAR) T cells, represent one of
the most significant medical breakthroughs of our generation. This innovative treatment
involves extracting T cells from a patient’s blood, genetically modifying them in the
laboratory, and then reintroducing them into the patient via infusion. These engineered
cells are designed to seek out and destroy cancer cells.

Despite their promise, CAR-T cells are currently effective against only a limited number of
cancers, are costly to produce, and can cause severe side effects. The ultimate aim of this
research is to develop CAR-T cells that can safely and effectively treat a broader range of
cancer patients.

This advancement is not achievable without the use of animal models, as studies in test
tubes or computer simulations alone cannot replicate the complexity of living biological
systems. Animal models are therefore essential for understanding the behaviour of CAR-T
cells in vivo and for determining their potential as a transformative therapy for patients.

What outputs do you think you will see at the end of this project?

Our research seeks to develop the next generation of CAR-T cell therapies for cancer and
other diseases. We aim to expand the number of patients who can benefit from CAR-T cell
treatments while making these therapies safer. Ultimately, our work strives to save lives
and improve public health. In addition, this approach could offer economic benefits by
inducing long-lasting remissions, potentially reducing the burden on healthcare systems. A
‘one-off CAR-T cell treatment may prove more cost effective than current treatment
modalities over time.

We will share the outcomes of our research through publications in scientific journals,
presentations at conferences, and public engagement activities. By doing so, we aim to
advance the field, benefiting other academic and industrial researchers, and ultimately
patients, by enhancing knowledge in this area. Additionally, our work aims to develop new
technologies that can be utilised not only by our group but also by other researchers in the
CAR-T cell and broader gene therapy fields.

The researchers involved in this project will acquire new skills, knowledge, and expertise,
which will further contribute to the scientific community and wider society.

In summary, the long-term benefits of this research include addressing an area of unmet
clinical need by developing innovative therapeutic strategies for cancer. This has the
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potential to improve outcomes for individual patients and deliver economic advantages for
healthcare systems. In the short term, this work will contribute to the scientific community,
advance knowledge in the field, and provide critical training for the next generation of
cancer researchers.

Who or what will benefit from these outputs, and how?

The ultimate goal of this work is to develop CAR-T cells that have a meaningful and
positive impact on patient care. Significant progress has already been made. Over the five
years since the establishment of this project, research conducted under this licence has
directly led to the development of at least six new CAR-T cells designed to treat five
different cancers.

One of these CAR-T cells, developed to treat myeloma, is currently being evaluated in
clinical trials and is soon to be tested for a related condition, AL amyloidosis. Funding has
also been secured to bring two additional CAR-T cells to clinical trials—one for T cell
cancers and another for acute myeloid leukaemia. Furthermore, three more CAR-T cells
are in advanced stages of development and have been presented at international
conferences, targeting hepatocellular carcinoma, myelofibrosis, and T cell leukaemia.

The continuation of this project will undoubtedly build on these achievements, advancing
the development of innovative CAR-T cell therapies and expanding their potential to
improve outcomes for patients with a wide range of cancers.

How will you look to maximise the outputs of this work?

Our CAR-T cell program remains one of the largest programs outside of the USA/China
with a greater number of open clinical CAR Studies then the rest of Europe. This
department routinely shares data to the rest of our establishment, at national and
international scientific symposia, in scientific journals and to patient interest groups.

Species and numbers of animals expected to be used

e Mice: 15250

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

Mice represent the lowest vertebrate group in which our model systems can be effectively
applied and will be used for the majority of this project. Young adult mice will primarily be
used due to the consistency and reliability of models in this age group.

Additionally, for specific aspects of the research, a small number of mice will be
engineered to express elements of the human immune system. These are known as
humanised mice, which may either express human proteins on mouse cells or contain
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human immune cells. These models allow us to replicate aspects of the human immune
system, enabling the assessment of treatments intended for human cancer patients.

For certain experiments, a small number of neonatal mice will also be used. This is
because human stem cells can be more effectively introduced and develop in younger
mice, providing a robust platform for modelling human immune responses.

Typically, what will be done to an animal used in your project?

Cancer cells will typically be introduced into mice by injecting a small volume of fluid
containing cancer cells into a specific site, such as a vein, brain, liver, muscle, bone, or
under the skin. Mice will receive a general anaesthetic for injections into the brain, liver,
muscle, and bone, while injections into veins or under the skin are generally performed
without anaesthesia. Tumours will be allowed to develop, after which the mice will be
treated with CAR-T cells to evaluate the response.

Where possible, mice will be anaesthetised during procedures to ensure they are not
awake, and regular monitoring will be conducted to assess tumour progression. This will
involve imaging scans every few days to once a week or taking small blood samples (no
more than once per week). The duration of experiments will vary depending on the type of
cancer studied, ranging from two weeks to several months. Efforts will be made to
minimise the number of procedures and keep the experimental duration as short as
possible.

All animals will be cared for in accordance with national guidelines and humanely killed at
the end of the experiments. Daily monitoring will be conducted to identify any signs of
suffering, with clear thresholds set to limit suffering. If an animal reaches these thresholds,
it will be humanely killed. During procedures requiring general anaesthesia, animals will be
kept warm, the duration of anaesthesia will be minimised, and they will be observed until
fully recovered.

What are the expected impacts and/or adverse effects for the animals during your
project?

The potential impacts on animals during the project fall into two main categories:
1) Effects of Progressive Cancer:

Tumours can cause localised pain, weight loss, and compression of nearby organs as they
grow. For example, blood cancers may lead to hind limb paralysis due to vertebral
involvement and subsequent spinal cord compression. Each tumour model has unique
patterns and timings of side effects, so it is essential that researchers using these models
understand the expected progression and potential impacts of each.

2) Effects of CAR-T Cell Treatment:

CAR-T cell therapy can sometimes lead to immune activation, known as cytokine release
syndrome (CRS), which is observed in human patients and CAR-treated mice. In mice,
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CRS typically presents as weight loss and reduced activity within 72 hours of treatment. In
rare cases, CAR-T cells may attack healthy tissues, leading to graft-versus-host disease
(GVHD). This usually occurs weeks after CARTreatment. The exact timing of these effects
depends on the tumour model and the specific CAR construct used.

Understanding the frequency, progression, and onset of potential side effects is critical for
early detection and effective management to minimise animal suffering. Careful daily
monitoring and adherence to pre-defined welfare thresholds will ensure that any animal
showing significant signs of distress is humanely killed. The research team will employ
strategies such as anaesthesia and post procedure care to ensure animals experience as
little discomfort as possible throughout the experiments.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

Overall, Mice, 50% Mild, 49% Moderate, 1% Severe
What will happen to animals used in this project?

e Used in other projects
e Killed

A retrospective assessment of these predicted harms will be due by 7 July 2031
The PPL holder will be required to disclose:

e What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

CAR-T cells have been hailed as one of the greatest medical breakthroughs of a
generation. However, they currently work for only a small number of cancers, can cause
serious side effects, and do not always lead to long-term remission, with some patients
experiencing cancer relapse. Our goal is to develop safer, more effective CAR-T cells that
can treat a wider range of cancer types.

This project licence is a key component of a larger programme that involves extensive
laboratory work, including computer analysis and tests to detect specific proteins and
genes, to evaluate the function of CAR-T cells against cancer. However, before these
therapies can be tested in human patients, it is essential to study their function in mouse
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models of cancer. Analysing CAR-T cells in the complexity of a living system is
irreplaceable and a critical step towards ensuring their safety and efficacy in patients.

Laboratory or computer-based tests cannot replicate the challenges CAR-T cells face in a
living body. In a patient, CAR-T cells must travel through the bloodstream, cross blood
vessel walls, navigate tissues, and reach tumours before they can kill cancer cells. It is
vital to confirm these abilities in an animal model. Moreover, once at the tumour site, CAR-
T cells must operate within a complex immune environment. Cancer often manipulates the
immune system to support its growth, and these same factors can reduce the
effectiveness of CAR-T cells. Understanding how CAR-T cells interact with their
surroundings and overcome these obstacles is essential for developing successful
therapies.

In summary, testing CAR-T cells in mouse models is a necessary step before clinical trials,
ensuring these therapies are effective and safe for cancer patients.

Which non-animal alternatives did you consider for use in this project?

An extensive laboratory programme that does not involve animals forms the majority of our
efforts to develop new and more effective CAR-T cells for cancer patients. Only the most
promising constructs from a series of in vitro assessments proceed to in vivo assessment.
Indeed, experiments requiring animals represent only a small, yet crucial, part of the
overall process. Typically, the development of new or improved CAR-T cells can be divided
into five main steps, only the last of which is performed in animals:

1) Identifying a Target:

The first step involves selecting a new or safer target (antigen) on cancer cells. This
decision is based on literature reviews or new research findings and does not involve
animals.

2) Developing a Binding Molecule:

Once a target is chosen, a molecule that binds to the cancer antigen must be developed.
While known binding molecules can sometimes be used, which avoids the need for
animals, the generation of new antibodies—a common and effective approach—often
requires the use of animals like mice or rats. Efforts to create antibodies without animals
are being made but can result in less effective CAR-T cells, necessitating animal use in
certain cases.

3) Selecting the Best Antibody:

Antibodies generated undergo rigorous testing to identify the most effective candidate.
This "panning" process, which involves testing antibody binding to the target protein or
cells, occurs entirely in the laboratory without the use of animals.

4) Developing and Testing CAR-T Cells:
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The selected antibody is used to create various CAR-T cell formats, which are extensively
tested in the laboratory. These tests ensure that the CAR-T cells effectively kill cancer
cells, produce cytokines to enhance their activity, and replicate efficiently. This step takes
at least six months and does not involve animals.

5) Assessing CAR-T Cells in Animal Models:

Only the most promising CAR-T cell format is tested in animal models. This step is
necessary to evaluate the CAR-T cells in the complexity of a living system before they can
be assessed in human patients.

As outlined, animal experiments are limited to Step 2 (in certain cases) and Step 5. Efforts
to reduce animal use are ongoing. For instance, animal-free methods for generating
antibodies are being developed, but these approaches are not yet consistently reliable.
Until these methods improve, animals may still be required for antibody generation. It is
noteworthy that antibody generation through animal vaccination, previously part of this
project, has been removed from the renewal. Vaccination is now outsourced to specialised
companies to maximise success and minimise animal use.

For Step 5, animal models remain essential as the complexity of living systems cannot yet
be replicated in the laboratory or through computer models. However, emerging
technologies like organoids (lab-grown tumour models) are being developed and will be
utilised as much as possible to further reduce the reliance on animals.

In summary, while animal experiments form a small but vital part of CAR-T cell
development, we are committed to exploring and adopting non-animal methods wherever
feasible, with the ultimate goal of eliminating animal use in the future.

Why were they not suitable?

As previously mentioned, animal-free methods for generating antibodies are not always
successful. Until these methods are further refined, the use of animals may still be
required for this work. However, our lab remains committed to actively pursuing and
adopting non-animal alternatives. We look forward to a future where animal use for
antibody generation is no longer necessary.

Similarly, current laboratory methods cannot fully replicate the complex conditions of
tumours within a living organism. As a result, the use of animals remains an essential
component of this research programme.

A retrospective assessment of replacement will be due by 7 July 2031

The PPL holder will be required to disclose:

e What, if any, non-animal alternatives were used or explored after the project started,
and is there anything others can learn from your experience?

Reduction
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Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

These numbers have been based on our own past and ongoing work on these mouse
models as well as published data. Statistical tests have then been used to calculate the
minimum number of mice needed to demonstrate a true difference between treated and
untreated mice in experiments.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

We plan to use a variety of techniques to reduce the number of animals and will keep our
work in adherence to NC3R's ARRIVE guidelines. Initial pilot experiments will be
performed to establish parameters needed to determine cohort sizes (e.g. expected
change in outcome such as CAR persistence or survival, signal to noise ratio). Size
calculations will be performed using statistical packages available from Select Statistical
Services or G*Power.

The sizes of experimental groups and the number of repeated experiments will be kept as
small as possible while ensuring that results are real, reproducible and of clear biological
significance. Further, we will have several readouts from every sample taken and each
mouse so that we can maximize the information we get from every experiment.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

The CAR-T cell department has extensive experience in conducting the models described,
ensuring that experiments are performed efficiently and effectively. Wherever possible,
mouse breeding will be managed at a centralised facility to maintain consistency and
employ the best breeding practices.

Additionally, the design of new experiments will be guided by the latest published
research, ensuring they are informed by the most up-to-date scientific evidence. Initial
experiments will typically involve small-scale or pilot studies using limited numbers of
animals. These studies will allow us to refine the experimental design, ensuring that
subsequent larger experiments are both adequately powered and reproducible, as
determined by the size calculations outlined above.

A retrospective assessment of reduction will be due by 7 July 2031

The PPL holder will be required to disclose:
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e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

These models aim to understand how CAR-T cells behave in human cancer patients. To
study how CAR-T cells eliminate tumours, cancer will be introduced into mice using
various methods, such as injecting tumour cells into the vein, under the skin, or into the
brain, liver, muscle, or bone. Alternatively, models may involve inducing cancer through the
introduction of a specific drug or breeding mice that spontaneously develop cancer. Once
the tumour is established, the animals will be treated with a dose of CAR-T cells
administered via injection into a vein.

In the models described, mice will be closely monitored using minimally invasive methods,
such as small blood tests or imaging scans, to track tumour growth before the animals
become unwell. These measures aim to monitor tumour response and progress while
minimising pain, suffering, or distress. By completing experiments before the animals
experience significant discomfort, we can maximise the data obtained from each mouse
while prioritising their welfare.

CAR-T cell therapy in humans can sometimes result in severe side effects, such as off-
target effects on normal tissues or cytokine release syndrome (CRS), which can be life-
threatening. To mitigate these risks, we will use humanised mouse models to develop
CAR-T cells that minimise these adverse effects. In these models, young mice will be
injected with a small amount of human stem cells into the liver, or older mice will undergo
surgery to implant a small piece of human tissue. Tumours will then be introduced into
these mice before administering CAR-T cell treatment.

In these humanised models, CAR-T cells will be monitored through small blood tests or by
labelling the transferred cells to track their behaviour using real-time imaging. This
approach ensures the maximum amount of information is obtained from each mouse
without relying on the animals becoming unwell.

Why can’t you use animals that are less sentient?

There are important similarities between the physiological systems of mice and humans,
including their immune systems. Both species have comparable types of immune cells,
such as B and T lymphoid cells, and subsets of these cell types can be identified in both
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mice and humans. Additionally, the structure and function of major organs are largely
similar between the two species.

These similarities are critical for two main reasons. Firstly, they make mice a reliable
model for studying human diseases, including cancers. Mice can effectively replicate both
the progression of cancer (disease evolution) and the response to treatments. Secondly,
we are particularly interested in developing immunocompetent CAR/cancer models. These
involve mice with a fully functional immune system that develop mouse-specific cancers,
which we then treat using mouse CAR-T cells. These models are valuable.

For these reasons, mice represent the lowest vertebrate group in which our model
systems can be effectively applied. Immature animals are unsuitable for therapeutic T cell
studies because their immune systems are not fully developed. Similarly, studying
interactions between CAR-T cells, the host immune system, and the tumour requires
observing these processes over time in living animals, which cannot be achieved using
terminally anaesthetised mice.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

The studies will be designed to use the simplest and least harmful methods possible to
obtain the required data while minimising suffering to test animals. The primary sources of
suffering are cancer progression and CAR-T cell-related toxicity. Therefore, procedures to
improve animal welfare will focus on monitoring tumour growth and CAR-related toxicity.

Key measures to reduce suffering include:

Predetermined Monitoring Parameters: All experiments will have predefined frequencies
and methods of monitoring, as well as established limits for the study.

Continuous Review: Experimental parameters will be regularly reviewed. In the event of a
breach of licence limits, a root cause analysis will be conducted, an SC18 form completed,
and a discussion held with the NACWO (Named Animal Care and Welfare Officer) and
NVS (Named Veterinary Surgeon) to refine procedures moving forward.

Refinement of Monitoring Methods: Efforts to optimise the monitoring of tumour
progression and CARToxicity will include:

e Developing and refining flow cytometry panels for better analysis

e Using assays to measure specific serum markers (e.g., via ELISA or serum protein
electrophoresis).

e Employing advanced imaging techniques, such as MRI or CT scans, and labelling

tumour or CAR-T cells with bioluminescent or fluorescent proteins detectable by
scanning.
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By implementing these strategies, the study aims to ensure reliable data collection while
prioritising animal welfare and minimising harm.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

We will be reliant on the following best practice guidelines. Guidance for cancer studies,
are outlined in Workman et al (PMID:20502460), the PREPARE guidelines. Also, protocols
for specific tumour models, CAR-T cell monitoring, and specific side effects are well-
established and published. However, as CAR/myeloma models are developed and refined
under this project, best practice guidance is continuously updated to suit individual
models.

For instance, in our laboratory, we routinely use only a quarter of the recommended
venesection volume for CAR-T cell monitoring compared to published standards (PMID:
35152996). Additionally, published scoring systems, such as those for graft-versus-host
disease (GVHD, PMID: 31180340), are regularly reviewed and compared to the existing
clinical observational scoring system included in this licence. Decisions are then made
regarding whether new scoring systems should be incorporated into the licence. This
process carefully considers the balance between improving accuracy and the potential for
confusion caused by using multiple different scoring systems across the licence.

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

The Project Holder and licensees take responsibility for keeping abreast of developments
through conferences, current knowledge of published literature and will benefit from the
network of institutional support available through our Biological Services Units who contact
license/project holders with developments and offer regular update sessions.

A retrospective assessment of refinement will be due by 7 July 2031
The PPL holder will be required to disclose:

e With the knowledge you have now, could the choice of animals or model(s) used be
improved for future work of this kind? During the project, how did you minimise
harm to the animals?
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2. Development and Refinement of Methodology

Project duration
5 years 0 months
Project purpose

e (c) Development, manufacture or testing of the quality, effectiveness and safety of
drugs, foodstuffs and feedstuffs or any other substances or products, with one of
the following aims mentioned in paragraph (b).

Key words

Validation, Methodology, Refinement, Development

Animal types Life stages

Mice Juvenile, Adult, Pregnant adult
Rats Juvenile, Adult, Pregnant adult
Rabbits Adult, Pregnant adult

Minipigs Adult

Beagles Adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

e Uses cats, dogs or equidae

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

The aim of this project is to develop new or refine current methodology for subsequent use
on regulatory studies which assess the safety and efficacy of pharmaceutical, veterinary,
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agricultural and industrial chemicals which humans may be exposed to. Studies will also
be performed to establish biological databases for animal models required where current
data is not available or reliable e.g. may not have been generated using GLP principles, as
well as supporting the validation and calibration of laboratory equipment used in a Good
Laboratory Practice (GLP) environment.

A retrospective assessment of these aims will be due by 7 July 2031
The PPL holder will be required to disclose:

e Is there a plan for this work to continue under another licence?
e Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

This licence has several objectives all of which will support regulatory studies being
performed to GLP standards and in compliance with internationally accepted guidelines.

The decisions made for selecting a suitable species or strain of animal is primarily based
on known biological data and the unique characteristics of that animal. In times where this
data is either not available, or insufficient to enable scientific interpretation of data
generated from their use, then studies can be performed to generate the biological
databases necessary to allow scientific interpretation.

The success of regulatory studies i.e. achievement of their objectives, is very much reliant
on the collection of accurate and reproducible data. By developing and validating the
methodology necessary to collect such data, including the validation and/or calibration of
new or existing laboratory equipment used to generate or analyse data sets we can
ensure that the data generated will not only permit scientific interpretation, but will also be
accepted by regulatory bodies.

And finally, but not least, where there is scientific justification protected animals may be
used to assess the safety of a material before exposure to humans. It is essential
therefore, that any procedure performed on them should cause the least amount of pain,
suffering, distress or lasting harm practicable whilst achieving their objective. Studies
performed under this licence will allow us to develop new techniques or refine existing
ones thus, ensuring that the most up to date procedures are being used at all times and
that animals are not exposed to procedures of higher severity than is absolutely necessary
and do not experience undue pain, suffering, distress or lasting harm.

What outputs do you think you will see at the end of this project?
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It is expected that at the end of this project procedures that are commonly performed on
laboratory animals, for example, dose administration and blood sampling would have been
refined to the extent that the levels of pain and or stress experienced are reduced, or the
quality of samples (blood) produced are of greater quality or that analytical data can be
acquired by the use of smaller sample volumes. Once refinement has been fully validated
the techniques can be applied to future regulatory studies performed at the establishment,
and where appropriate, shared with the scientific community via scientific papers, Industry
Forums, presentations and/or seminars.

In addition to this, one of the primary outputs from this project is that future regulatory
studies undertaken by the establishment will be performed using fully validated procedures
and equipment as required by Good Laboratory Practice Standards, a prerequisite for
regulatory submissions.

Who or what will benefit from these outputs, and how?

In the majority of cases the outputs of the studies performed i.e. laboratory equipment
validated for use on regulatory studies and new methodology established for the
performance of regulated procedures using animal models will be realised immediately.
Initially, the advancements made will be used at the establishment, but it is likely that the
refinement of procedures performed on laboratory animals will be shared with scientific
colleagues at other research establishments.

How will you look to maximise the outputs of this work?

It is expected that the technical or refinements developed from this work will not only be
transferred to future regulatory studies performed at the establishment but will also be
shared with the scientific community via scientific papers, Industry Forums, presentations
and symposiums.

Species and numbers of animals expected to be used

e Mice: 1000
¢ Rats: 1000
e Rabbits: 500
¢ Minipigs: 100
e Beagles: 100

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

The projects conducted under this licence will support regulatory studies which themselves
use rats, mice, rabbits, minipig and the beagle dog and as such, these species will be
used.
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The majority of studies will use adult animals; however, where the studies are to support
regulatory studies in juvenile animals then these will be used also.

Typically, what will be done to an animal used in your project?

Typically, studies aimed at developing or refining techniques for blood sampling or the
administration of a material for example, may take up to 28 days. As with most
procedures, it is important to ensure that not only can they be repeated several times in a
single day (typically no more than 3 times for dose administration, and a maximum of 7
times in 24 hours for blood sampling), but repeatedly during the course of the study
without causing undue discomfort, pain or distress to the animals. It is expected that no
more than 20 animals will be required for this work.

The duration of the studies performed will be dependent on their objectives and would be
no longer than 52 weeks, with the exception of rodent lifespan studies.

Studies which assess the suitability of a rodent strain for use on long-term studies
(lifespan) may be up to 104 weeks, the longest duration expected on regulatory
Carcinogenicity studies. It is anticipated that up to 100 animals (50 males and 50 females)
will be used on these study types. Where the objective is to assess the survivability
(lifespan) of the species/strain then the duration of the pilot study may be reduced or
extended as appropriate.

The procedures performed may include the administration of a material using a route
suitable for the species, the collection of blood and urine, behavioural tests and the
collection of physiological data e.g. ECGs and blood pressure. Where animals are dosed
using a route suitable for the species then dosing occasions will be no more than 3
occasions each day. Blood samples may be collected periodically from a suitable vein or
artery, either to refine an existing blood sampling route or to provide samples to validate or
calibrate laboratory equipment. Procedures will be performed in compliance with good
practice guidelines.

Procedures will be performed the minimum frequency practicable to achieve the objectives
of the study.

Surgery will not be performed.

What are the expected impacts and/or adverse effects for the animals during your
project?

It is anticipated that some animals will lose weight or at least fail to gain weight at a rate
consistent with normal weight gain. This may be attributed to a reduction in food
consumption (also a potential adverse effect) but may be present even with normal food
consumption.

Animals will be closely monitored for signs of discomfort and particularly signs of pain. Any
animal showing such signs will be closely monitored and will be inspected by a Veterinary
Surgeon if considered necessary.

17|Page



i

Home Office

As animals get older, particularly those on long-term studies, they may develop tumours.
This may be sporadic and due to 'old' age but may be attributed to the administration of
the test substance. Animals will be assessed for development of internal and external
tumours by visual assessment and gentle palpation. Any animal with a tumour will be
closely monitored and steps taken to ensure that they are not in undue discomfort, that
their mobility is not impaired and that they are still able to eat and drink. If the size and
location of the tumour is considered to significantly impair the health and welfare of the
animal then it will be humanely killed.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

The studies performed under this licence will be undertaken using Mild protocols. A review
of statistics from similar work performed in a previous licence with the same objectives
shows that 100% of all animals used experienced no more than Mild severity.

What will happen to animals used in this project?

e Killed
o Kept alive at a licensed establishment for non-regulated purposes or possible reuse

A retrospective assessment of these predicted harms will be due by 7 July 2031
The PPL holder will be required to disclose:

e \What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

The development of new techniques can only be confirmed as being validated and suitable
for repeated use without causing undue pain, suffering and distress by performing them on
live animals. For example, novel ways for administering materials to animals, or the
withdrawal of blood from nontypical veins.

Similarly, the validation or calibration of some laboratory equipment needs tissue or

biological samples from animals in order for them to be validated for subsequent use in a
GLP environment and capable of producing accurate and consistent data. Whilst in some
cases blood for example can be obtained from dead animals, it is not ethical to euthanize
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animals every time a sample is required; Live animals will, therefore, be required for
projects performed under this licence.

Which non-animal alternatives did you consider for use in this project?

In very few cases the initial development or refinement of a regulated procedure may be
trialled using plastic models of animals or replicas of body parts.

Why were they not suitable?

Studies using e.g. plastic animal models cannot accurately demonstrate the difficulties a
procedure may present when performed on a live animal; or any undue pain, suffering or
distress that may be caused during its performance.

A retrospective assessment of replacement will be due by 7 July 2031
The PPL holder will be required to disclose:

e What, if any, non-animal alternatives were used or explored after the project started,
and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

The numbers of animals potentially being used have been estimated by considering the
ratio of studies which evaluate the refinement of regulatory procedures, those which
establish method development and those which ascertain the suitability of a species for
use on regulatory studies (potentially the largest user of animals) and the number of
animals required for each study type. Consideration has also been given to animal usage
on previous licences with similar objectives.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

There are no relevant regulatory requirements for the studies being performed under this
licence and as such, there are no guidance documents on the numbers of animals that
should be used. The numbers of animals used will therefore, be assessed on a case-by-
case basis.

Where relevant, we will review the data generated from previous studies performed under
the authority of previous licences with similar scope and objectives. This data generated
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will provide us with refined study plans and typical numbers of animals required in order to
achieve our objectives.

In the majority of cases studies will utilise animals of both sexes to ensure that the relevant
data generated fully supports future regulatory studies which typically use both sexes; but
consideration will always be given to whether the objectives of the study can be achieved
by the use of a single sex and will not affect the integrity of regulatory studies they aim to
support. Examples of such objectives may include the refinement of a blood sampling
technique whereby; performance of the procedure and successful outcome is not
prohibited by the sex of the animal.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

The studies performed under this licence will be similar to those performed on previous
licences. We will look at the numbers of animals used for each particular purpose and
evaluate if the numbers used can be reduced in any way.

A retrospective assessment of reduction will be due by 7 July 2031
The PPL holder will be required to disclose:

e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

The primary objective of this licence is to develop new techniques (primarily dose
administration or the collection of body fluids e.g. blood) for use on common laboratory
animals which are to be used on subsequent regulatory efficacy and safety studies
required by legislative bodies. The animal models used will be rats, mice, rabbits, minipigs
and dogs. The utilisation of stock animals that have been retained under the supervision of
the veterinary surgeon will reduce the number of naive animals used on this licence.

The methods and techniques used will be adaptations of current techniques, or refinement
of current ones and based on the techniques described on the NC3R website using the
latest techniques.
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Why can’t you use animals that are less sentient?

In order to suitably validate the success of a technique it needs to be developed using
animals of the same age, or at least size that the techniques will be performed on. For
example, administering a substance by oral gavage to a juvenile rat requires different
equipment and technique to an adult rat. In many cases, techniques are not transferable
between stages of development or indeed species.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

The purpose of this licence is to refine procedures with the intention of reducing levels of
undue, pain, suffering and distress during their performance. The procedures themselves
will not require surgery or expected to cause more than transient discomfort. All animals
will be routinely observed a minimum of twice each day for a suitable duration (dependent
on the duration of the study) by experienced Personal licence holders familiar with the
species to ensure that no adverse reactions detrimental to the health of the animals occur.
In the unlikely event of an animal being injured or showing unexpected signs of ill health, it
will be humanely killed.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

J. Applied Toxicol. 21, 15-23 (2001); A Good Practice Guide to the Administration of
Substances and Removal of Blood, Including Routes and Volumes; Karl-Heinz Diehl et-al.

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

Our establishment has a number of personal licence holders who are members of
recognised Forums that discuss topics relating to animal welfare and refinement of
procedures. Topics of interest are disseminated to interested parties, including our Animal
Welfare and Ethical Review Body on which | am a member, by participants of the Forum
and/or the Named Information Officer.

In addition to this, we periodically search for advances in the 3R's via appropriate websites
such as The National Centre for the Replacement, Refinement and Reduction of Animals
in Research (NC3Rs).

A retrospective assessment of refinement will be due by 7 July 2031
The PPL holder will be required to disclose:

e With the knowledge you have now, could the choice of animals or model(s) used to
be improved for future work of this kind? During the project, how did you minimise
harm to the animals?
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3. Ecotoxicity Studies with Amphibians

Project duration
5 years 0 months
Project purpose

e d) Protection of the natural environment in the interests of the health or welfare of
man or animals.

Key words

Endocrine, Disruptor, Xenopus, XETA, Chemicals

Animal types Life stages

Xenopus laevis Embryo and egg, Neonate

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

e Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

The overall aim of the project is to assess the interactions of a range of chemical types
(industrial chemicals, agrochemicals, pharmaceuticals, biocides and microbial pesticides)
with the endocrine systems of Xenopus (frog) tadpoles (OECD 231), Eleutheroembryos
(frog embryos) or transgenic Eleutheroembryos (OECD 248), such that the hazardous
properties of these substances with respect to their ecotoxicological (potentially toxicity to
animals and man in the natural environment) properties can be assessed. These
properties are a fundamental requirement of the risk assessment process for such
substances in order to register, evaluate, authorize, and restrict chemical substances.
There isn't a single global chemical regulator; instead, chemical safety is managed by
regional, national, and international bodies, each with varying regulations such as the EU's

22|Page



i

Home Office

REACH, the US EPA, and China's NMPA. Key examples include the European Chemicals
Agency (ECHA) for the EU, the U.S. Environmental Protection Agency (EPA) for the
United States, and other regional agencies.

A retrospective assessment of these aims will be due by 13 July 2031
The PPL holder will be required to disclose:

e |s there a plan for this work to continue under another licence?
e Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

The data obtained in these tests are submitted to regulatory authorities to inform decision-
making processes and, where appropriate, satisfy the governmental regulatory
requirements that are necessary to gain product registration or to assess the risk and
impact posed to the natural environment or human health by the use of chemicals,
agrochemicals or pharmaceuticals. Ecotoxicology studies in general are designed to
assess the likely impact on populations of plants and animals, and to identify ecologically
benign concentrations.

What outputs do you think you will see at the end of this project?

The assessment of the risk posed by new and existing chemicals and waste materials to
the natural environment continues to be an important international issue for industry,
governments and the public alike. Synthetic chemical substances will inevitably enter the
natural environment as a result of their use and disposal in industrial and domestic
environments. Ecotoxicology studies are designed to assess their likely impact on natural
populations of plants and animals, and to identify ecologically benign concentrations.

The main aim of the studies conducted within this project is to identify substances that may
interfere with the normal function of the hypothalamic-pituitary-thyroid (HPT) axis in
amphibians, specifically Xenopus laevis.

This is an important assay as amphibian metamorphosis is a thyroid dependent process,
which is well studied and is the only assay that detects thyroid activity in an animal
undergoing morphological development.

The studies are designed to evaluate a number of endpoints, including survival,
developmental stage and associated morphological features, body wet weight and thyroid
histology.

The use of Xenopus Eleutheroembryonic Thyroid Assay (XETA) will allow detection of
potential modulations of thyroid activity induced by a range of test chemicals.
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Who or what will benefit from these outputs, and how?

There are many concerns that environmental levels of specific chemicals interacting with
the endocrine system (the oestrogen, androgen or thyroid hormone) may cause adverse
effects in both humans and wildlife populations and have wider implications for both
human and ecosystem health. Aquatic organisms have been identified as the most
convincing examples of evidence for the impact that potential endocrine disrupting
chemicals can have on animal health. These concerns have led to the revision and
development of guidelines in order to facilitate screening and testing of these potential
endocrine disruptors.

The data obtained in these tests are submitted to regulatory authorities to inform decision-
making processes and, where appropriate, satisfy the governmental regulatory
requirements that are necessary to gain product registration or to assess the risk and
impact posed to the natural environment or human health by the use of chemicals,
agrochemicals or pharmaceuticals. Ecotoxicology studies in general are designed to
assess the likely impact on populations of plants and animals, and to identify ecologically
benign concentrations.

How will you look to maximise the outputs of this work?

All of the studies conducted in this facility with aquatic species are bound by confidentiality
agreements and unless contracted to provide support through the registration process, the
testing facility does not normally receive information regarding the progression of a
substance through to marketing authorization. It is not possible therefore to identify the
number of substances tested in the facility that have gained marketing authorization or
product registrations. Success in this programme of work is not only associated with the
successful registration of a substance but also the refinement of risk assessments, and the
derivation of risk-reduction and toxicity mitigation strategies. Another important role of
studies in this programme is the identification of substances with unacceptable effects or
safety margins.

Species and numbers of animals expected to be used

e Xenopus laevis: 70000

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

For the metamorphosis assays to be assessed correctly it is essential that a suitable life
stage is used that is going through the process of metamorphosis so that developmental
end points can be assessed. Tadpoles, aged at approximately 17 days post-fertilization are
generally at a suitable developmental stage (NF51). Amphibian metamorphosis is a thyroid
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dependent process and is the only assay that detects thyroid activity in an animal
undergoing morphological development.

Eleutheroembryos or transgenic Eleutheroembryos (young tadpoles) at a suitable life
stage (approximately 4 days post-fertilization - NF45) are used for the XETA range-finder -
genetically altered tadpoles at approximately 4 days post-fertilization are used for the
XETA definitive test as this assay requires embryos at a specific developmental stage in
order for this assay to work successfully. The definitive test specifically requires the use of
transgenic Eleutheroembryos as the fluorescence of each organism needs to be quantified
at the end of the test.

Typically, what will be done to an animal used in your project?
21-day metamorphosis assay (OECD 231):

Tadpole eggs are acquired from a reputable breeding establishment. Eggs are allowed to
hatch and then tadpoles are distributed into fresh holding tanks and reared to (NF51 -
approximately 17 days post-fertilization) before the start of the test. At the start of the test
the tadpoles are moved into fresh tanks. The tadpoles are measured to determine their
body length and developmental stage is assessed.

Separate groups of tadpoles are exposed to varying concentrations of the test item or
vehicle control.

A selection of tadpoles will be humanely killed and sampled once during the study; this will
be conducted (e.g. on Day 7). The tadpoles will be given an overdose of anaesthetic at the
end of the exposure period (Day 21) surviving tadpoles will be humanely killed by an
overdose of anaesthetic.

The animals are measured and weighed to assess any effects of the test material.
Extended metamorphosis assay (Based on OECD 231):

Tadpole eggs are acquired from a reputable breeding establishment. Eggs are allowed to
hatch and then tadpoles are distributed into fresh holding tanks and reared to (NF51
approximately 17 days post-fertilization) before the start of the test. At the start of the test
the tadpoles are moved into fresh tanks.The tadpoles are measured to determine their
body length and developmental stage is assessed.

Separate groups of tadpoles are exposed to varying concentrations of the test item or
vehicle control.

A selection of tadpoles will be humanely killed and sampled once during the study; this will
be conducted (e.g. on Day 7). The tadpoles will be given an overdose of anaesthetic.

Individual tadpoles will be humanely killed by a non-schedule 1 method at the designated
establishment once they have reached Stage 62. The study is completed once suitable
numbers of tadpoles have reached Stage 62.

25|Page



i

Home Office

The animals are measured and weighed to assess any effects of the test material.
Xenopus Eleutheroembryonic Thyroid Assay (XETA) (OECD 248):

Tadpole eggs are acquired from a reputable breeding establishment. In order to conduct
the assay Eleutheroembryos will be transferred from holding tanks to test vessels and
transferred to fresh test media (where applicable).

The developmental stage of the Eleutheroembryos is determined using a binocular
dissection microscope to ensure that Eleutheroembryos at the required development stage
are utilized during the test.

Separate groups of Eleutheroembryos are exposed to varying concentrations of the test
item plus relevant control groups as required. Up to three runs will be conducted per test
prior to the fluorescence of each organism being quantified (after approximately 3 days of
exposure) this may not be required for range-finding tests. When both the acute and XETA
studies have been completed, all remaining Eleutheroembryos are humanely killed by a
non-schedule 1 method at the designated establishment.

What are the expected impacts and/or adverse effects for the animals during your
project?

Transfer of animals from holding tanks and transfer to fresh test media (where applicable)
will cause mild stress in all animals. The discomfort will be transient in the majority of
animals (>90%) and no additional action will be required.

In order to set suitable dose levels for the definitive test, testing is required over a range of
concentrations to determine the maximum tolerated concentration or to enable the
calculation of the concentration that would cause 50% mortality (LC50), if it is clear that a
dose group will not be at a suitable concentration for the definitive test due to a high
number of deaths then this group may be terminated prior to study completion. Due to this
type of testing, deaths and adverse clinical signs (e.g. abnormal swimming behaviour, loss
of orientation, lack of surfacing activity, muscular spasms or lethargy) will be noted in the
tadpoles especially at higher test concentrations, no adverse effect is to be expected at
the lower levels. It can be assumed that cumulative signs of toxicity may be seen as the
study progresses.

It is not the intention of the definitive test protocols to cause mortality or significant signs of
toxicity. However, typically, the highest concentration tested in the metamorphosis assay
will be near the maximum tolerated test concentration or may be approximately one-third
of the concentration that causes 50% mortality (LC50), depending on the dose response.
As such, at the higher concentrations being tested there may be accumulation of toxicity
noted during the exposure period which may result in adverse clinical signs (e.g. abnormal
swimming behaviour, loss of orientation, lack of surfacing activity, muscular spasms or
lethargy) being apparent (but not to the same degree as in the acute protocol) for a period
of time resulting in cumulative toxicity/severity.
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Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

21-day metamorphosis assay:

In the acute toxicity protocol, it is anticipated that approximately 50% of the individuals will
suffer either mortality or adverse effects such as abnormal swimming behaviour, loss of
orientation, lack of surfacing activity, muscular spasms or lethargy.

The overall severity in the acute toxicity protocol is anticipated to be as follows: 55% of
animals subthreshold, 20% of animals to experience mild severity, 15% moderate severity
and 10% to experience severe effects.

The overall severity in the definitive protocol is anticipated to be as follows:

70% of animals subthreshold, 15% of animals to experience mild severity and 15% to
experience moderate severity.

Extended metamorphosis assay:

The overall severity in the acute toxicity protocol is anticipated to be as follows: 55% of
animals subthreshold, 20% of animals to experience mild severity, 15% moderate severity
and 10% to experience severe effects.

The overall severity in the definitive protocol is anticipated to be as follows:

70% of animals subthreshold, 15% of animals to experience mild severity and 15% to
experience moderate severity.

Xenopus Eleutheroembryonic Thyroid Assay (XETA):
The overall severity in the acute toxicity protocol is anticipated to be as follows:

50% of animals subthreshold, 20% of animals to experience mild severity and 30% to
experience moderate effects.

The overall severity in the definitive protocol is anticipated to be as follows:

50% of animals subthreshold, 30% of animals to experience mild severity and 20% to
experience moderate severity.

What will happen to animals used in this project?
e Killed

A retrospective assessment of these predicted harms will be due by 13 July 2031
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The PPL holder will be required to disclose:

e What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

Currently there are no validated non-animal alternatives to replace the whole animal
toxicity tests that are mandatory for the evaluation of new and existing chemicals to
assess their safety and efficacy. To assess morphological development due to effects on
the thyroid axis, the use of a live animal is a necessity as these studies are a fundamental
requirement of the risk assessment process for such substances in order to register,
evaluate, authorize, and restrict chemical substances. There isn't a single global chemical
regulator; instead, chemical safety is managed by regional, national, and international
bodies, each with varying regulations such as the EU's REACH, the US EPA, and China's
NMPA. Key examples include the European Chemicals Agency (ECHA) for the EU, the
U.S. Environmental Protection Agency (EPA) for the United States, and other regional
agencies.

Xenopus laevis is proposed as the test organism as it is known to be widely available,
obtainable throughout the year and relatively easy to maintain. It is representative of the
more sensitive species and a large literature base is available to provide background
information.

Which non-animal alternatives did you consider for use in this project?

Currently there are no validated non-animal alternatives to replace the whole animal
toxicity tests that are mandatory for the evaluation of new and existing chemicals to
assess their safety and efficacy.

Why were they not suitable?

Currently there are no validated non-animal alternatives to replace the whole animal
toxicity tests that are mandatory for the evaluation of new and existing chemicals to
assess their safety and efficacy.

A retrospective assessment of replacement will be due by 13 July 2031
The PPL holder will be required to disclose:

e What, if any, non-animal alternatives were used or explored after the project started,
and is there anything others can learn from your experience?
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Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?
Amphibian metamorphosis Assay and extended metamorphosis Assay:

Numbers have been calculated based on running six LC50 tests and six definitive tests per
year over the five-year duration of this project licence.

Xenopus Embryonic Thyroid Assay

Numbers have been calculated based on running twelve LC50 tests and twelve definitive
tests per year over the five-year duration of this project licence.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

Regulatory guidelines dictate numbers of organisms exposed per concentration and the
spacing factor employed for definitive stage testing. Statisticians are consulted to ensure
studies are designed to maximise the strength of replication in order to use the minimum
number of organisms per vessel.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

The use of a range finding phase of testing where existing information of the toxicity of a
chemical is not available reduces the risk for repetition of the full metamorphosis,
extended metamorphosis or Xenopus Embryonic Thyroid Assays using high numbers of
tadpoles or eleutheroembryos respectively, as a suitable range will be identified which
aims to ensure the study endpoints are achievable.

Whenever possible, the maximum spacing factor will be employed when setting
concentration ranges. For example, a spacing factor of 3.2 means that the next highest
concentration would be 3.2 times higher than the previous lower concentration; 0.10, 0.32,
1.0, 3.2 and 10 mg/L.

A retrospective assessment of reduction will be due by 13 July 2031
The PPL holder will be required to disclose:

e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?
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Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

Amphibians represent vertebrates and one of the highest trophic levels in the aquatic
ecosystem and are of particular importance in the testing scheme because of their
developmental life-history and sensitivity to chemical substances, making them important
ecological indicators. The species and stage of tadpole development employed are
considered to represent the most suitable model to identify effects of exposure in the
environment. The objectives and protocols are aimed at assessing the impact of a
substance on the survival and development of Xenopus tadpoles, and therefore on the
potential for further effects on the ecosystem, using mandatory tests that follow
internationally accepted test designs. Due to the low neurophysiological sensitivity of the
life-stage used during XETA, death is classed as a moderate effect and as such this life
stage (tadpole) will be the one that suffers the least during this type of testing.

Why can’t you use animals that are less sentient?

As the objectives are aimed at assessing the impact of a substance on the survival and
development of Xenopus tadpoles, it is essential that living animals are used such that the
development of these animals can be assessed. These animals are considered to be the
least sentient species at this life stage used in this project licence where a meaningful
assessment can be made on their development. The life stages that are required to be
used are specified in the relevant OECD test guidelines.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

The minimisation of excessive stress and rapid changes to environmental conditions,
especially during movement, cleaning of vessels and manipulation of larvae, has been
identified as a key factor in the optimisation of using Xenopus laevis. Husbandry and
exposure conditions, and the associated techniques, will be well defined to ensure noise,
vibration and activity levels within the laboratory are kept to a minimum. Environmental
conditions e.g. temperature, pH, dissolved oxygen, light levels and water flow rates will be
controlled and maintained.

Regulatory systems that require specific test requirements may allow little discretion in the
species used. However, the most appropriate species, particularly in terms of species
sensitivity and availability of background data, as well as the species having the lowest
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neurophysiological sensitivity, are chosen. Thus, the most appropriate species is chosen
on scientific grounds rather than custom and practice.

All scientific procedures using animals are performed in accordance with UK Good
Laboratory Practice regulations. Standard Operating Procedures define animal welfare
practices and experimental procedures. Licensees are fully trained and competent in the
appropriate procedures and are familiar with the signs of pain, discomfort or distress in the
species with which they are working. Training records are maintained to document training
levels, retraining and competence. Staff are encouraged to identify and encourage
improved methods particularly with regard to procedural methods, housing and handling of
animals.

Animal tests are designed and conducted in every case so that any actual or potential
pain, discomfort, or distress to the animals is minimised or alleviated by choosing the
earliest endpoint that is consistent with the scientific objectives. The term “endpoint” is
defined as the point at which an experimental animal’s pain and/or distress is terminated,
minimised or reduced, by taking actions such as killing the animal humanely or giving
treatment to relieve pain and/or distress.

The ultimate purpose of the application of humane endpoints to ecotoxicology studies is to
be able to accurately predict severe pain, severe distress, suffering, or impending death,
before the animal experiences these effects. However, the science of ecotoxicology is not
yet at the point where such accurate predictions can be made prior to the onset of severe
pain and distress. It is possible at this time to identify pain, distress and suffering, very
early after their onset by careful observations of animals on test. This test facility is fully
committed to the implementation of the recognition, assessment and use of clinical signs
as humane endpoints for test animals.

Before starting a safety evaluation study, consideration is given to relevant background
data or information supplied with the test material, together with databases for similar
chemicals or substances or previous experience with other sponsor products. Thus, the
type and severity of the abnormal signs of toxicity, particularly in terms of time of
occurrence in relation to time of dosing may be anticipated. Technical and animal welfare
staff will be alerted to what signs to look for.

Studies likely to cause significant acute adverse effects are scheduled to start as early in
the working day as possible. This ensures that the critical period for the animals occurs
during normal working hours when the frequency of observations can be maximised or
increased depending on the potential for increasing pain or distress.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

OECD 203 (2019) Fish, Acute Toxicity Test
OECD 231 (2009) The Amphibian Metamorphosis Assay

OECD 248 (2019) Xenopus Eleutheroembryonic Thyroid Assay

31|Page




i

Home Office

US EPA (2009). Office of Prevention, Pesticides and Toxic Substances (OPPTS; 7101)
OPPTS 890.1100 - Amphibian Metamorphosis (Frog)

OECD 150 (2018), Revised Guidance Document 150 on Standardised Test Guidelines for
Evaluating Chemicals for Endocrine Disruption

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

All staff involved in animal testing maintain up to date professional development on animal
welfare considerations via the attendance of relevant meetings, review of publications in
journals and other sources, and face-to-face meetings with other individuals working in the
area of ecotoxicology or aquatic husbandry. This ongoing knowledge building allows for
any refinements that are identified to be introduced into standard procedures.

Further updates are provided periodically and where relevant, by other colleagues
including the Named Information Officer (NIO).

A retrospective assessment of refinement will be due by 13 July 2031
The PPL holder will be required to disclose:

e With the knowledge you have now, could the choice of animals or model(s) used to
be improved for future work of this kind? During the project, how did you minimise
harm to the animals?
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4. Neural mechanisms of cognition

Project duration
5 years 0 months
Project purpose

e (a) Basic research
Key words

decision-making, learning, planning, prefrontal cortex, temporal lobe

Animal types Life stages

Rhesus macaques Juvenile, Adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

¢ Uses non-human primates
+ Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

The aim of the project is to advance our scientific understanding of how a healthy brain
works. In particular, how different parts of the brain connect and work together to support
complex mental abilities, particularly learning, planning, memory, and decision-making.

A retrospective assessment of these aims will be due by 4 July 2031

The PPL holder will be required to disclose:

* Is there a plan for this work to continue under another licence?
« Did the project achieve its aims and if not, why not?
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Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

Decision-making is one of the most important mental abilities of humans and animals. We
make hundreds of decisions every day, from simple ones such as what to eat for lunch, to
the more complex ones like how to efficiently manage your time for different tasks. Most of
these decisions will be associated with their own costs and benefits, like how rewarding it
might be, how much time or effort it takes, or how likely it is to succeed. These different
costs and benefits are combined to determine each choice's overall value. Effective
planning and decision-making may also benefit from learning the rules or structure of the
environment (i.e., a model). Learning a model of an environment allows us to easily adjust
our behaviour when unexpected changes occur, like when our commuter bus/train line is
down, but also allows us to generalize and simulate relevant or appropriate behaviours if
placed in a novel environment. Thus, arguably the main function of the brain and its many
cognitive functions (memory, learning, attention) is to support learning and decision-
making processes so that we can plan accordingly and optimize behaviour.

At the front part of the primate brain lies a region know as the prefrontal cortex, which is
the most recently evolved structure in the primate brain. Damage to this part of the brain
can be devastating, as humans and primates with damage to prefrontal cortex are
disorganized, impatient, make poor decisions and exhibit socially inappropriate behaviour.
Moreover, dysfunction of prefrontal cortex is associated with neuropsychiatric illnesses
impairing choice, including depression, addiction, schizophrenia, obsessive-compulsive,
anxiety and attention-deficit hyperactivity disorder. Understanding prefrontal cortex
function is therefore crucial for understanding how and why humans and animals choose
and act. Damage to specific parts of the prefrontal cortex can affect how we learn and
make decisions, showing that each area has an important (and sometimes unique) role in
guiding different aspects of complex behaviour. However, developing causal explanations
of why dysfunction of these areas leads to abnormal behaviour must be understood at the
level of the brain’s main processing unit, the neuron. Without functional descriptions at this
level, we cannot understand why prefrontal cortex dysfunction leads to abnormal
behaviour including neuropsychiatric illness, and we cannot fully interpret brain imaging
methods such as functional magnetic resonance imaging (fMRI) and
magnetoencephalography (MEG) which are tools we use to record activity across
thousands of neurons.

Neurophysiology refers to the recording of neural activity and is currently the only way to
understand how single neurons encode information, and hence the only way to study the
neural computations and mechanisms that support these cognitive processes. Such
exploratory research is unethical in healthy humans since it necessarily involves inserting
very fine wires into the brain to measure the activity of single neurons. Non-human
primates have very similar brains to humans and exhibit advanced cognitive abilities
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making them the best model for neurophysiology research. Rhesus macaques have a
prefrontal cortex that is very similar to the one in humans. This part of the brain is not well
developed (or absent) in most other animals, including rodents or New World primates
such as marmosets.Because the tasks animals perform in this study are complex, where
they must remember or choose between dozens of different stimuli presented on a
touchscreen, and because the tasks require the animal to sit very still whilst we safely
record the animal's eye movements (with a camera) and neural activity, animals like mice,
rats and marmosets would not be suitable. Rhesus macaques are the best choice for
understanding how brain cells and neural networks work together to support cognitive
processes.

The prefrontal cortex activity supports learning, planning and decision-making but it does
not do so in isolation through its interactions with a second set of brain areas known as the
subcortical neuromodulatory systems. These neuromodulatory systems use brain
chemicals called neuromodulators such as acetylcholine, dopamine, serotonin, and
noradrenaline, which influence activity across much of the brain, particularly the prefrontal
cortex. In turn, the prefrontal cortex also affects how these systems function and shape
behaviour.

It is important to note that many existing and emerging treatments for neurological and
psychological illnesses focus on these neuromodulatory systems. These conditions
include Alzheimer’s; Parkinson’s; major depressive disorder; and attentional deficit and
hyperactivity disorder (ADHD) which are common and can affect people at any age. They
are associated with great suffering and severe outcomes, including death, but in addition
they are all incurable. Yet, we do not understand how these brain chemicals affect
individual neurons or networks, or how they interact with specific parts of the prefrontal
cortex during cognitive functions. One reason treatments may not work is that they affect
neuromodulatory agents broadly, without targeting how they interact with different parts of
the prefrontal cortex. It is precisely these interactions that are a focus of this project.

This project seeks to understand how the brain supports learning, decision-making,
planning and memory. We will use approaches to record individual neurons in different
parts of the brain, and neuroimaging techniques like an MRI to record whole-brain
activity, as well as pharmacological approaches to safely and reversibly alter different
neuromodulators. These will be done while non-human primates perform learning and
decision-making tasks. In some sessions, we will use methods that safely and reversibly
alter normal brain activity to identify which brain areas are essential for these cognitive
processes. We also will develop new wireless approaches for recording neural activity in
freely-moving non-human primates, providing an important welfare refinement to
neurophysiology research.

In the short-term, these studies will provide critical insight into the brain mechanisms that
support learning and decision-making in the healthy brain. By understanding the
functional organization of the normal brain, our research will provide a template for
comparison with the abnormal brain, and hence in the longer-term aid the development of
novel therapies for neurological disease.
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What outputs do you think you will see at the end of this project?

Previously we have identified brain activity patterns reflecting key signatures of learning
and decision-making in the frontal cortex. The current programme of work will build on
these previous investigations and explore how different brain regions and brain chemicals
work together to support complex cognition. Our research will generate an enormous
amount of novel data to provide insight into the behavioural and neural mechanisms which
support learning, planning, memory and decision-making. This work should primarily be
classed as "discovery" or "basic" research. However, our discovery research has potential
for translational benefit in the long-term. For example, by examining the neuronal
mechanisms supporting reinforcement learning and planning, we will provide important
insight into mechanisms of habit formation, such as in addiction. We will examine how
information that is experienced when awake is consolidated during sleep to promote
learning and form memories. We will also investigate cells known as 'grid cells', which are
special brain cells that help us map physical space, like an internal GPS. These cells
might also help the brain link information together to form memories, concepts and rules,
making it easier to make complex decisions about large amounts of abstract information.
Therefore, this research could provide important insight for studies of cognitive decline in
ageing, as well as diseases of cognitive dysfunction like dementia. We will also use safe
and reversible stimulation approaches to observe the effects of temporarily disrupting
normal brain activity in specific regions, which provides a model for understanding how
neurological diseases affecting these brain regions may alter behaviour.

In the short-term (0-5 years), these studies will help explain how brain cells in the
prefrontal cortex and temporal lobe — together with brain chemicals like dopamine and
serotonin - support key mental processes including learning, memory, planning and
decision-making. These will be of interest to other scientists across several fields. In the
longer-term (>5 years), this research can provide a blueprint for developing new therapies
for diseases that affect prefrontal cortex and/or cognition to improve human health.

At the end of this project, we will have the following outputs:

1. An understanding of the cellular mechanisms for higher-order cognition. We are
interested in how neural circuits infer, learn, construct and employ models of our world
using brain scans and recordings of individuals neurons and neural networks in the frontal
cortex and temporal lobe. Understanding how the brain organizes complex knowledge
structures helps us explain how we make sense of our worlds, form social networks, and
abstract problem-solving. This includes knowledge about how the brain assigns values
and makes decisions. We will also explore how decision values are updated in uncertain
or variable environments, similar to how animals search for food in the wild.

We will apply and develop different reinforcement learning models to examine how
neurons track possible rewards and learn about the environment. Beyond the insights
provided into learning and decision-making in the healthy brain, these observations may
prove invaluable in understanding risk-seeking/avoiding behaviours in disordered states
such as addiction, and mood disorders.
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We will also study how the brain plans actions by examining ‘neural replay’, a process
where brain activity is reactivated during rest or sleep. This may serve to link past events
and choices to form memories, but may also simulate other possible choices that could
have been taken.

We also seek an understanding of how the brain infers cause and effect, and how it gives
credit to past events, particularly when several steps lead to one result. This is critical for
knowing how we learn and construct models of our world.

2. An understanding of how different parts of the brain work together to support complex
cognition using electrophysiological and functional neuroimaging approaches, in
conjunction with methods that temporarily disrupt brain activity. We will know more about
how critical elements of learning, memory and generalization are accomplished during
sleep. This will be accomplished by recording the same neurons during task performance
during the day and then during sleep, which has not yet been possible in macaques. This
will involve the use of chronic implants and wireless data logging technology to acquire
single neuron data using newly developed technology. We will deepen our understanding
of the complex neural circuits underlying higher-order cognition and lay the groundwork
for anatomically and molecularly precise clinical interventions—aimed at restoring
cognitive function with minimal side effects. We will use brain stimulation and drug
techniques, to make precise changes in neural activity and then measure how this affects
connected brain areas and behaviour.

3. An understanding of brain chemicals (neuromodulators) and their interactions with
brain activity. We will determine how neuromodulators including acetylcholine, dopamine,
serotonin, and noradrenaline influence brain activity and behaviour at an individual
neuron level in specific brain regions. We will develop novel methods that safely transmit
ultrasound waves into the brain for targeted delivery and manipulation of specific
neuromodulators to specific brain sites, which can be eventually validated for translation
into novel therapeutic interventions for mental ilinesses in humans.

4. Hardware development and continued refinements for non-human primate research,
including wireless datalogger technology which permits acquisition of neural data in the
unrestrained animal. Such a refinement improves the animal experience by minimizing
restraint, and allows us to make recordings during rest and sleep. We will continue to
develop technologies with longer battery life and higher resolution data recording to
improve animal experience and scientific outcomes. We will continue to refine our in-cage
touchscreen training system which animals use to perform tasks, allowing us to reduce
requirements for restraint, and increase training efficiency. These methods will be of use
to the greater neuroscience community, including potential translation to human patients.

5. The information that the experiments produce will be made available principally
through the publication of articles in peer-reviewed scientific journals. We will also
disseminate our findings in national and international conferences and workshops as well
as through podcasts or interviews. In addition, as in previous projects, we expect to
release data sets that can be used by other scientists to analyse themselves. In some
cases, this may also allow other scientists to address new scientific questions. We also
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share tissues with collaborators.

Who or what will benefit from these outputs, and how?

The proposed investigations are basic research, but they may have future translational
benefit as recognised by funding bodies, as we link fundamental understanding of
cognitive processes with behaviour. The research aims to identify the fundamental brain
mechanisms that support higher-order cognitive processes such as learning, decision-
making, attention, planning and memory. These cognitive functions are known to depend
on the prefrontal cortex and its interactions with the temporal lobe. For example, humans
or animals with damage to the prefrontal cortex are disorganized, impatient, indecisive,
make poor decisions and exhibit socially inappropriate behaviour. Further, dysfunction of
the prefrontal cortex is associated with neuropsychiatric illnesses impairing choice,
including depression, addiction, schizophrenia, obsessive-compulsive, anxiety and
attention-deficit hyperactivity disorder. We still do not have cures for most neurological
diseases. These diseases are incredibly complex, often affecting many brain regions,
brain chemicals, cell/receptor types. We need to understand the disease mechanisms
and the anatomical and functional networks which support cognition in the healthy brain
to optimize therapies for neurological disorders. For patients with intractable symptoms,
current therapies include removing, disconnecting and/or stimulating parts of the brain
which can cause permanent changes to the brain, with important negative side effects to
the patient. By performing the experiments in this project at the cellular, network and brain
chemical levels, our research will provide a blueprint for the neural mechanisms of
cognition in the normal brain, which can support the development of rational, targeted
therapies for the diseased brain. One example of how this research could be applied is
work on distributional reinforcement learning, a theory suggesting the brain does not just
track the average reward over time, but instead keeps track of all the different outcomes
and how likely each is to occur. This is a tool for understanding mental illness where
incorrect representations of rewards may explain impaired choice in mental health
populations (depression, anxiety, impulsivity, addiction). Further developments proposed
in this project provide an opportunity to explore targeted neurostimulation as potential
therapy for these clinical populations.

Many neuropsychiatric diseases are caused by imbalances in the brain or problems at the
connections between brain cells, but it is difficult to relate these tiny changes to the
symptoms people experience. Developing approaches that stimulate ultrasound waves
into the brain allows targeted delivery and manipulation of specific brain chemicals at
specific brain sites and will provide valuable insight into their action on neurons and local
networks. This may improve our ability to develop novel treatments or specific drugs to
treat the associated symptoms more effectively. Additionally, our research could lead to
altered drug treatment strategies, as it may aid our understanding of why specific drugs
designed to treat specific cognitive dysfunctions/symptoms have undesired side effects,
or limited efficacy due to differential effects on different brain areas. The research
therefore is likely to have long-term clinical implications.
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At an academic level, the research will benefit a large academic community. The discovery
that specialised brain cells (called grid cells and place cells) in the temporal lobe are the
brain’s “GPS system” for spatial knowledge led to the 2014 Nobel Prize in
Physiology/Medicine. One of our main aims is to test whether these cells can also
organise abstract information. If they can, it could reveal how the brain links ideas to
support learning and memory. One of our aims is to examine whether neurons can 'replay’
events either forward or backward in time. Neural replay could provide a mechanism for
supporting how we plan effectively, particularly when faced with novel situations. This will
be done by simultaneously recording large numbers of individual neurons, manipulating
and measuring neurochemicals, and whole-brain functional neuroimaging while subjects
perform complex tasks. As the tasks are complex, the data sets we will generate will have
large numbers of variables, features and attributes. These ‘high-dimensional’ datasets,
when made publicly available, will benefit neuroscientists that develop computational
models of brain function, as well as develop novel techniques to extract interpretable
information from the high dimensional datasets. These experiments will thus have major
appeal to academics working in cognitive and computational neuroscience, as well as
people working in artificial intelligence research. The research will also have a longer-term
benefit to clinicians and psychiatrists, who study the mechanisms of cognitive dysfunctions
in the clinic. The benefit will be in terms of increased knowledge about which cells in which
brain areas are involved in learning, planning, memory and decision-making, what types of
neural algorithms or computations are used, how distributed networks interact and
communicate to support these cognitive processes, and how normal behaviour is altered
when these computations or brain areas are disrupted. This will help other researchers to
build better models of the functional organization of the normal brain and hence provide a
better blueprint for developing therapies for the diseased brain.

How will you look to maximise the outputs of this work?
We will maximise the output of the work in four ways:

1) Research Publications: each of the experiments in this project will be
published in peer-reviewed journals. Additionally, we are likely to publish review
articles from this work.

2) Collaboration: We collaborate with experts in human neuroimaging and perform
analogous experiments in both humans and non-human primates. For example, we might
use functional magnetic resonance imaging (fMRI) to identify regions where specific types
of thinking happen. We will collaborate with researchers who are developing novel non-
invasive brain ultrasound techniques to stimulate the brain. This will help us test how
specific areas in the prefrontal cortex and temporal lobe contribute to decision making in
both humans and primates. We collaborate with people that develop wearable neural data
loggers, which can stably record single neuron activity of the same cells for many weeks
during both free behaviour and during sleep. We will combine this datalogger with in-cage
training systems, and share the integrated technology with the world-wide non-human
primate community. We collaborate with experts who study the cellular mechanisms
underlying memory and spatial navigation in rodents. They will help us isolate specific
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cells, and identify replay events. We also collaborate with experts in data analysis, who
will provide different analysis approaches to help us maximise the identification of
functional signatures within our data. Finally, we also collaborate with experts in
theoretical and computational neuroscience. By recording hundreds of single cells at
once, we can test how the brain organises information efficiently, and build detailed
models of how small brain circuits work. Taken together, this Team of Collaborators will
ensure our experiments are designed, and our data collected and analysed, to maximise
the output of the research, including its translation to understanding the functional
organization of the human brain.

3) Public Communication: We routinely disseminate our research at international
conferences, invited lectures and themed workshops. This also provides an opportunity
to form new collaborations. To convey our research more broadly and to the general
public, we distribute press releases for high-impact publications, and use social media to
direct people towards key findings. We also give interviews and podcasts.

4) Data/knowledge sharing: This project will produce large amounts of data of
interest to the wider neuroscience community including computational neuroscientists.
Where possible, we will endeavour to make these data publicly available by posting
them to public data archives. Data will be suitably annotated to facilitate interpretation.
To ensure ease of replication in analysis, all processing of the data will be done using a
program that allows others to repeat the exact same procedures either on the same data
or on similar data. Our in-cage training system is also open-access, where we freely
share files about the software/hardware design, as well as the code to run a large
number of cognitive tasks. Other users of this system can upload their code so that
resources can be shared within the larger community. This aims to enhance the use of
the system (and uptake of its Refinements) in other research labs worldwide.

Species and numbers of animals expected to be used

e Rhesus macaques: 36

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

Our choice of species is macaque monkeys (Macaca mulatta) because they are the best
available model for developing a mechanistic understanding of how brain chemicals
interact with brain cells and neural networks to support higher cognitive function that
characterises human cognition. Our experiments are designed to explore the neural
mechanisms which support learning, decision-making, planning and inference, cognitive
functions where the performance between humans and macaques is very similar and
where the underlying brain areas are equally similar. The brain areas under investigation
(particularly the prefrontal cortex) are only found in mammals and not present in
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invertebrate animals. In rodents, this area is virtually non-existent, or at least much more
rudimentary. Moreover, there is a strong functional and anatomical similarity of brain
structures between human and macaque monkey compared to human and rodent or new
world primates such as marmosets. Important differences also exist regarding how
neurochemicals affect different parts of the brain in rodents, when compared to macaques,
to be able to yield results that will translate to human patients. Rodents are also unlikely to
be able to learn and perform the complex tasks in these experiments, which requires
learning and discriminating hundreds of images, which would far exceed what a rodent
could discriminate given their poor visual acuity and primitive visual system (relative to
primates).Some experiments also track eye movements to study attention, which is very
hard or nearly impossible to do with rodents. New World monkeys like marmosets are not
suitable for these experiments because they do not stay still for recordings, are not as
skilled with their hands for using joysticks or touchscreens, and have less developed
prefrontal regions, making it harder for them to learn complex tasks. The brain areas of
interest take time to develop and so we investigate them in adult animals, where the brain
has fully matured and before age-related brain function decline develops.

Typically, what will be done to an animal used in your project?

In our studies, we work with macaque monkeys to understand how the brain supports
complex thinking, like decision-making and learning. All animals are routinely pair-housed
unless husbandry requires otherwise. They are provided with an enriched environment and
have home cages, exercise pens and forage areas. They interact regularly during the day
with investigators and husbandry staff. Animals go through a number of stages so that
they are prepared for recording brain data while performing behavioural tasks. This
includes a few separate and well-spaced surgeries under general anaesthesia, where
biocompatible implants are fixed to the skull to allow for the study of the activity of
individual neurons. These surgeries are carried out under full aseptic conditions and
involve a full regime of pre- and post-operative analgesia.

Behavioural training

Every animal first gets time to settle into their new home. Over many months, they slowly
learn to sit in a special chair that allows us to safely study their brain activity while they
perform cognitive tasks. This chair has access to a joystick or touchscreen monitor for
interacting and responding to the experimental task for a tasty reward like fruit juice.
However, most of their training happens in their homeroom, where they can choose to
play challenging "video games" on a touchscreen system for tasty rewards without being
held or restrained. This is a system funded by the NC3Rs which is an organisation that
promotes replacement, reduction, and refinement techniques in animal research.Animals
can play these tasks any time they like during the day, and we make sure these games
are fun and motivating. The monkeys voluntarily engage with this system suggesting it is
an excellent form of environmental enrichment.

Training in the lab also happens a few days a week for a few hours, during which they
work for valuable, tasty rewards. After a session, they get a jackpot of fruits and
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vegetables. Behavioural training is conducted using positive reinforcement which helps
motivate animals to complete enough trials for statistical analyses.

Head restraint

It is necessary for animals to have their head outside the testing chair and restrained for
us to be able to track their eye movement during tests and to safely record and stimulate
neural activity. Head restraint is also used to allow for routine cleaning and maintenance
of surgical head implants. Animals are trained to introduce their heads through a hole in
the chair which is then restrained by using and adjustable plate at the top of the chair.
This allows the head, but not the body, to extend out the neck hole, thus preventing the
animal from escaping from the chair.

The nature of these experiments varies depending on the experimental question but in all
cases, for the majority of the animal’s experimental life, they are sitting in front of a
computer, playing a form of video game, where they are given their preferred juice
reward/smoothie for performing a trial correctly. The total length of training varies
according to the task being used, the animal, and the trainer but typically takes 8 to 14
months.

Animals need to reach a certain level of performance before surgeries occur. They then
perform the same tasks as we conduct brain recordings such as neuroimaging or
neurophysiological experiments during task performance.

Fluid or food control

Animals may be on a scheduled or controlled fluid or food regimen at various stages of
training to ensure and maintain task motivation. This is individually-titrated so that each
subject experiences the minimum amount of control needed to ensure good task
performance and sufficient trials for data analysis. This approach ensures animal welfare is
maximised and helps ensure that scientific data of high quality can be obtained.

Magnetic resonance imaging (MRI)

Animals will undergo MRI scans to construct a 3-dimensional plastic model of their skull,
and to visualise brain structures to obtain structural or functional data. There is no other
approach to obtain the structural data necessary for planning implant design, and
planning where to safely insert electrodes in the brain, or to get functional connectivity
data for use in analysis. Subjects will be anaesthetised during the entire MRI procedure
and typically placed in a frame for the procedure to maintain head position.

Brain surgery

To safely and accurately record the brain data, we implant a device to the animal’s skull
(under general anaesthesia) which is then used to prevent the animal moving its head
while the brain recordings are taken. In a separate surgery, we may place a small chamber
on the skull and remove a small piece of bone. This lets us access the dura, a protective
layer that surrounds the brain. In some cases, a minor surgical procedure is required to
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thin the tissue that grows over the dura to safely insert or adjust electrodes, or to repair
implants or revise wounds.

These surgeries are carried out by expert surgeons, with support from highly trained
anaesthesiologists and veterinarians who manage pain and ensure full recovery. After
surgery, animals are given plenty of recovery time. Once healed, they return to their
routines, including voluntary homeroom training.

We may temporarily place a protective mesh cap over implants following surgery if
necessary to prevent the animal from picking or scratching at the sutures or skin to
mitigate infection risk. This cap is only necessary during the healing period and would be
removed if the animal is distressed.

Recording or stimulating brain activity

Neuronal data is collected from very fine, delicate electrodes that are inserted in the brain,
which cause little to no harm to the brain and no pain to the subject as the brain lacks pain
receptors. Such methods are now routinely used in human neurosurgery without
complications. Neuronal recordings are usually taken from multiple sites in the brain to
investigate how different networks interact to support complex behaviours. It is also
possible to apply safe electrical microstimulation into the brain with these electrodes.
Microstimulation can transiently disrupt ongoing electrical activity, which then allows an
examination of the causal contribution of a brain area for a particular cognitive function.

In some cases, these fine electrodes can be placed in the brain and connected to a small
port on to the skull. This set up allows us to record brain activity over several days, even
during sleep, and to conduct experiments in animals with little to no restraint. Implants are
monitored and maintained aseptically by trained researchers and staff to ensure
cleanliness and integrity.

Functional magnetic resonance imaging (fMRI)

Some animals will undergo awake behaving fMRI scans to obtain indirect brain activity
data like blood oxygenation levels across the whole brain while the subject is at rest or
behaving. We can also obtain information about network connectivity/synchrony and
network dynamics. This process is the same as any routine human MRI scan. Animals are
slowly acclimated to the MRI environment for awake experiments, and are rewarded with
fruit juice and treats for completing cognitive tasks as we record whole brain activity.

Non-invasive transcranial ultrasound stimulation (TUS)

This is a method that uses ultrasound waves and is placed on the skin/scalp. It reversibly
alters normal brain activity and allows measuring the impact on behaviour. This method is
routinely used in humans, it is non-invasive and targets specific brain areas, helping us to
safely study causal relationships in the brain.

Pharmacological neuromodulation
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Some animals will undergo the administration of pharmacological agents intended to
cause only temporary and minor cognitive effects that are safe and have worn off before
the animal is returned back with their cagemates. These injections will be made into the
vein, and are done by training animals (using positive reinforcement) to voluntary extend
their arm or leg to reduce stress. In some cases, non-invasive transcranial ultrasound
stimulation is combined with administration of pharmacological agents, which allows
selective release of the drug in specific brain targets. We can test whether this technique
makes it possible to deliver the drug more directly to the brain with fewer side effects.
When combined with neural recordings methods, this approach allows an examination of
how brain chemicals (neuromodulators) interact with neural activity in support of complex
cognition.

X-rays

Some animals will undergo x-rays of their heads to check electrode locations or for
diagnostic welfare purposes like imaging skull-bone health or skull-bone growth. This
may be performed while chaired and head restrained, or under general anaesthesia.

Terminal Procedures

At the end of all experiments, animals are humanely killed painlessly and deep under
anaesthesia with trained surgeons and anaesthetists. While under anaesthesia we may
conduct recordings, or stimulate brain activity using the methods described above.
Finally, organs and tissue may be harvested, such as the brain, for further anatomical
study. These terminal studies provide invaluable information to reconstruct the exact
positions of our neural recordings and study anatomical features of the brain.

What are the expected impacts and/or adverse effects for the animals during your
project?

None of our experiments are designed to induce pain or suffering. Nonetheless the
invasive nature of the experiments including surgery and restraint will be associated with
adverse effects.

Animals may be singly housed due to husbandry reasons and age, rather than due to a
scientific need. In rare cases, animals may be separated temporarily from their cagemates
due to recordings in the cage, which may increase tension from a source of competition of
the touchscreen training system and reward. In cases where an animal is divided from their
cagemate, visibility of their cagemate and all other animals in the room is still usually
available, and they can vocalize and interact as normal.

Behavioural training

Training is performed in conjunction with positive reinforcement in the form of rewards
given for the desired behaviour including fruit pieces, fruit juice or smoothie; these rewards
also reduce any stress.

Head restraint
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When animals have their head restrained, it may induce anxiety and distress, or cause
discomfort from being in a fixed position for an extended period. This may manifest as an
animal that is nervous to be approached, avoids taking part in training, or is aggressive or
erratic. In rare cases this may lead to diarrhoea.

Head-restraint acclimatization progresses slowly and with positive reinforcement to
alleviate anxiety and distress. The duration spent restrained in the chair is increased
slowly. We also introduce opportunities for subjects to have control of the task, like
choosing which rewards they prefer. Proper acclimation training and use of these reward
strategies effectively reduces frustration and facilitates learning and motivation on the
task.

Fluid or food control

Animals that undergo fluid control may show low levels of dehydration, which are
evidenced by thirst. Higher levels of dehydration are unlikely to occur due to our
management. Animals that undergo food control may experience weight loss or a
sensation of hunger.

This control is individually-titrated so that each animal experiences the minimum amount of
control necessary to ensure good task performance; animals can always work for sufficient
periods to cover their daily needs. Food and fluid intake will be monitored and recorded; all
animals are expected to maintain good health and follow normal growths curves.

Brain surgery

To perform the experiments proposed here, all animals will require surgery to attach one
of more cranial implants to allow head restraint and recording of brain data. This will be
associated with post-operative pain. Pain will be minimized by giving adequate pain relief
and post-operative care is performed just like in people recovering in hospital.

Although rare, adverse effects could occur during/following surgery and anaesthesia
including brain bleeding, brain swelling, seizure, muscular weakness, breathing
obstruction, failure of respiratory or cardiac systems. Of these rare events, seizures are
the most common, though these typically subside immediately with medical treatment. All
animals may experience pain or discomfort on recovery from surgery like reduced
eating/drinking, reduced movement, excessive tiredness or laying down, holding of the
head or implant. Placing a needle into the vein may cause bruising similar to having blood
taken. Our research team places special emphasis on pre- and post-operative monitoring
and care of the highest standard, including use of analgesics and antibiotics in
consultation with a Veterinary Surgeon. Post-surgical suture picking can increase chance
for infection, though a protective cap may be temporarily fitted over the implant to prevent
suture picking which provides improved surgical outcomes.

Long-term cranial implants can be associated with infections, though the implants are
bio-compatible and regularly inspected and cleaned using aseptic techniques. If
infections occur, they are quickly detected and appropriate antibiotics are used. In some
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cases, infections can be associated with antibiotic resistance. In the rare event that an
implant fails or if the animal’s health is compromised by the implant, surgery may be
performed to repair/remove the implant(s); the implants may then be re-implanted
months later if the animal’s health returns to normal. In some cases, the skin around the
implant can retract, or sutures can reopen after surgery, which requires follow up
treatment usually under sedation. This can result in mild inflammation, mild pain or
itching, which is treated with adequate medication (antibiotics, anti-inflammatory drugs
and pain relief), and therefore short lasting.

Recording or stimulating brain activity

Neuronal data is collected from very fine, delicate electrodes which can be inserted safely
in the brain which cause little or no harm to the brain, and without causing pain to the
subject, as is done routinely in human patients. Nonetheless, in rare cases, the insertion
of electrodes into the brain could have adverse effects (brain haemorrhage/oedema,
seizure, muscular weakness). Of these rare events, seizures are the most common,
though these typically subside immediately with medical treatment. If any neurological
concerns are present, the Veterinary Surgeon would advise on the appropriate treatment,
which would be followed.

Functional magnetic resonance imaging (fMRI)

MRI scanners produce noise when operating. The noise levels generated by the scanner
are unlikely to result in pain as they are significantly below the level known to cause pain.
Ear protection may be used.

Non-invasive transcranial ultrasound stimulation (TUS)

Repeated application to the same region might cause skin irritation or scabbing, but this
does not seem to cause distress and typically resolves quickly. This non-invasive
approach is also safely used in humans.

Pharmacological neuromodulation

Pharmacological complications from administered substances, while theoretically possible,
have not been observed for the substances at the dosages we employ; pharmacological
agents we employ are commonly used in the literature in humans and non-human
primates and are thoroughly tested. Combining non-invasive transcranial ultrasound with
administration of pharmacological agents has also been shown to be a safe method for
targeted drug delivery into specific brain targets which can have important therapeutic
benefits.

Animals may show irritation, swelling and bruising from injection or cannulation.
X-rays

No adverse effects are expected.
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Cumulative harms

Given the duration of the experiments over several years, it is possible that animals could
experience cumulative effects. To mitigate this, animals are allowed to fully recover
before returning to experiments, surgeries are well-spaced in time, and invasive
procedures only occur on a limited number of sessions over the experimental lifetime of
the animal.

Refinements

Our methods for behavioural training are the most refined as we have developed an
automated home-cage training system, which allows us to perform most task training in
the home room, without the need for head restraint or separation from cagemates.
Throughout the duration of the project, we will review each step involved in the setting up
and data collection process, to identify and implement refinements, including reducing
the overall time that animals are subjected to restraint.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

Great effort and care is taken to minimize the suffering for each NHP, including use of
analgesics as necessary and as advised by the Named Veterinary Surgeon (NVS). We
continually refine our methods and surgical approaches to improve overall outcomes. We
use biocompatible implants which improve implant stability and overall implant health.
Multiple refinements are implemented throughout the experiments to maximise animal
welfare and minimise harms. Given these refined approaches, we expect that the life
experience for most (~90%) of the NHPs in this PPL will fall within a ‘Moderate’ severity
limit. Nevertheless, the invasive nature of the procedures is associated with some small
risk for serious adverse effects (e.g., intracranial infection, cerebral haemorrhage,
seizures) and thus in the worst-case scenario, there is a ~10% chance the life experience
of an NHP on this PPL could reach the ‘Severe’ limit.

What will happen to animals used in this project?

» Killed

A retrospective assessment of these predicted harms will be due by 4 July 2031
The PPL holder will be required to disclose:

¢ \What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement
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State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

This project seeks to understand how the brain supports higher-order cognitive functions,
including learning, decision-making, planning and memory. These cognitive functions are
commonly associated with interactions between the prefrontal cortex and temporal lobe
structures. To understand why brain dysfunction leads to abnormal behaviour, we need to
examine what information individual neurons encode, how they interact with each other,
and how brain chemicals help control these processes. Neurophysiology (the recording of
neural activity) is currently the only way to understand how single neurons encode
information, and hence the only way to study the underlying neural computations that
support these cognitive processes. Such exploratory research is unethical in healthy
humans since it necessarily involves invasive access to neural tissue. The prefrontal
cortex of the rhesus macaque brain has considerable anatomical and functional overlap
with that of humans, but is virtually non-existent in other mammals, necessitating the use
of non-human primates. Further, the cognitive and sensory-motor requirements of these
tasks require a highly developed prefrontal cortex, which could not be met in other species
such as rodents. Thus, rhesus macaques are the best available model for developing a
mechanistic understanding of how brain chemicals interact with brain cells and neural
networks to support higher cognitive function that characterises human cognition.

Which non-animal alternatives did you consider for use in this project?

We considered human studies, but exploratory research for neurophysiology studies is
unethical in healthy humans since it necessarily involves invasive access to brain tissue.
However, we have collaborations with groups that perform recordings in human patients
within a clinical setting to diagnose neurological disorders, mainly epilepsy. While the
recordings are based on medical needs, there are sometimes opportunities to record from
these clinical electrodes whilst patients perform cognitive tasks; results from our animals
studies are used to design better experiments, and better interpret the results from these
human studies. Equally, results from these human studies can help improve how we
design macaque experiments, potentially reducing the need for some steps and make our
methods more efficient.

Non-invasive non-animal alternatives such as human neuroimaging and computational
modelling are used to refine our hypotheses and design better experiments, but they
cannot replace the information gained by recording from individual neurons.
Cell/tissue/organoid cultures - lab-grown tissue cultures that mimic the structure and
function of a specific organ - are good models to study basic cell interactions and are
useful to study drug treatments in non-animal settings, but are inadequate to study
complex cognition and behaviour.

Why were they not suitable?
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Experiments in healthy humans rely on non-invasive measures (e.g., functional fMRI
(fMRI), electroencephalogram (EEG), magnetoencephalography (MEG)) to assess brain
function, connectivity, and cognitive processes. These methods help us understand the
human brain, but to a limited extent. EEG/MEG can track when brain activity happens in
time, but not what individual neurons are doing. fMRI can provide where in the brain that
activity occurs, but with a spatial resolution on the order of 1-2mm which may contain
more than 100,000 neurons. fMRI measures the blood flow associated with the metabolic
demands of neural activity; this indirect measure of neural activity causes a signal delay
of several seconds. Whilst these imaging approaches have the advantage of measuring
activity over much (or all) of the brain, these methods can never test hypotheses or
predictions about the precise timing and firing patterns of individual neurons, or reveal
the nature of that processing. To directly examine neuronal processing and
communication, single neuron recordings are therefore required, so far without
alternatives. Even when we have access to patients, the electrodes are implanted for
clinical purposes, which limits the brain areas we can access as this is determined by the
disease and/or clinical team, and the amount of time we have access to the patient which
limits the task designs and the amount of data we can obtain.

Computer simulations can make useful predictions about how neurons and neuronal
networks might interact in different contexts, but they are not a viable substitute for
studying sets of interacting cells and neurochemicals in whole animals performing
complex cognitive tasks. Computer simulations rely on an architecture that is invariably
different to the architecture of the human brain, and are dependent on assumptions that
may or may not be applicable to the brain function. While the generated predictions can
be a guide for refining experiments, they are not a replacement, because these
predictions rely on the initial architecture and input assumptions, and thus can sometimes
be incorrect. Modelling studies require experimental validation, which in this case requires
invasive animal work. Therefore, they can be a tool for refinement, sometimes reduction,
but not replacement.

Complex cognitive processes like learning, planning, and decision-making cannot be
studied in samples of extracted brain tissue (‘in vitro’), or in anaesthetized animals. It is
possible to culture human pluripotent stem cells in vitro into a brain organoid. The
neurons that are produced in this way are arranged in layers that have a resemblance to
cortex, but that organization is still profoundly different to cortex in people and animals.
Moreover, brain areas with different functions are not developed in organoids making
them unsuitable for studying neural circuits that span multiple brain areas. The absence
of sensory systems, such as vision, or effectors such as limbs, mean cell/tissue/organoid
cultures cannot produce the complex behaviour that is studied here.

A retrospective assessment of replacement will be due by 4 July 2031
The PPL holder will be required to disclose:

+ What, if any, non-animal alternatives were used or explored after the project
started, and is there anything others can learn from your experience?

49|Page




i

Home Office

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

This project will use no more than 36 rhesus macaque monkeys in total. This total number
of animals has been determined based on the amount of work, across different individual
projects, that we anticipate performing over the five-year course of this project.

For non-human primate electrophysiology studies, the generally agreed standard in the
field is that results from 2-3 animals must be reported in a publication to ensure reliability
of the results. The standard, driven mainly by ethical, but also scientific considerations like
not making hypotheses about differences between animals, is to use samples within
animals to obtain statistical power. This approach reflects the effort to keep the number of
animals to a minimum. It is scientifically valid and justified, as experimental manipulations
need to be compared to conditions in the same animal with and without manipulation.
Reliability is achieved by repeating the manipulation and measuring its effect many times,
and by applying single-subject statistics like permutation testing, ensuring that
experimental observations are systematic and do not arise only by chance. This approach
works particularly well in electrophysiology studies, as neuronal response effects are
typically seen in a single trial reflecting large effect sizes due to increased signal-to-noise
ratios of having the recording device like an electrode located directly at the neuronal
origin. Therefore, the data obtained from each animal are usually highly significant. We
repeat studies in a second animal, to demonstrate that results are reproducible and not
affected by individual characteristics or idiosyncratic behaviour. An electrophysiology
study thus needs only two animals.

When several recordings of brain activity are taken with functional magnetic resonance
imaging over the course of several days in each individual then it is possible to obtain a
statistically reliable measurement and to assess that it is reliable across individuals.
Similarly, we can assess whether transcranial ultrasound stimulation on brain activity or
behaviour is statistically reliable. Functional neuroimaging studies typically require 4
animals per experiment. The fMRI provides a picture of activity across much of the brain
and the pharmacological manipulations and/or transcranial ultrasound stimulation allows
us to test its causal importance for a behaviour.

However, there are some cases where subjects are deemed unsuitable for study. This
might be because of an abnormal condition detected, like a neural defect detected in an
MRI scan; because the subject is unable to be trained on the task, achieve the necessary
trials or performance required on the task, or because the subject becomes unwell during
the study. Very rarely, although this has not happened in previous projects, there is also
the possibility that the data does not replicate between the animals used in a study and an
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additional animal is required to ensure reproducibility of results.Although this is
uncommon, we have included 4 "contingency animals" to ensure we have sufficient animal
numbers to meet the Objectives.

The prospective number of animals to be used is estimated based on the objectives we
aim to achieve. The estimate of 36 macaques is therefore made up of: 10
electrophysiology experiments requiring 2 animals each (n=20), 3 fMRI studies requiring 4
animals each (n=12) plus 1 contingency for every 8 animals used (n=4) which can be used
to supplement data for a project where a subject had to be replaced or where insufficient
data were gathered from the animals in that experiment.

The number of animals included here also accounts for 10 animals which are part of
ongoing experiments which will transfer from the previous PPL, and also animals which
may initiate experiments (but not necessarily complete) during the duration of this project.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

We have reduced the number of animals used in each experiment to the fewest possible.
For electrophysiology studies, the generally agreed standard in the field, is that results
from a minimum of 2 non-human primates must be reported in a publication to ensure
reliability of the results. For fMRI studies, the generally agreed standard in the field, is
that results from a minimum of 4 non-human primates must be reported in a publication to
ensure reliability of the results. We cannot reduce animal numbers any further and still
obtain publishable and reproduceable data.

We design novel experimental paradigms where we can investigate and dissociate
multiple cognitive components within a single task, which in the past would have required
separate tasks and hence additional animal numbers. Also, where the use of a single task
to dissociate multiple cognitive components is not possible, we work on task simplification,
such that training times are reduced, and where continued use of animals across related
tasks increases statistical power, and hence reduces the overall animal numbers required.
This has become possible as we now utilise training systems, whereby animals can
engage in a variety of tasks throughout the day including weekends in their home cage.
Moreover, we have developed a wireless recording system such that neural activity can
now be recorded whilst subjects perform these tasks across days, and during sleep, so
we can study cognitive processes across days and tasks; reducing the overall animal
numbers required. We also run parallel studies in humans with non-invasive neuroimaging
to ensure that we can extract the desired cognitive component processes adequately, and
refine the locations of our recordings, before we apply the tasks in macaque monkeys.

We have reduced the number of animals used in this project by:

1)  taking repeated measurements of brain activity from each individual. This makes
it possible to establish the consistent features of brain activity patterns in each
individual.
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2) using a technique for transient alteration of brain activity (transcranial ultrasound
stimulation) that means that each animal can serve in both control and experimental
conditions. The within-subject design also makes comparison of control and
experimental conditions more reliable by reducing variation due to individual animals.

3) developing complex task paradigms capable of addressing multiple research
aims/objectives, and developing wireless home-room neural recording approaches to
study neural activity across tasks and days.

4) consulting on-line tools such as the NC3R’s Experimental Design Assistant.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

Animals are individually selected from the breeding facility for their sociable character
which maximizes the chance of them interacting positively with human experimenters and
with the experimental situation. Where possible, animals are also screened at the breeding
facility for engagement with the home-room behavioural training systems. This minimizes
chances of attempting to train animals that may not be suitable for these types of study.
We now use high-density neural recording electrodes which allows recording large
numbers of neurons in a single session, which reduces the number of experimental
sessions performed on a given animal. At the end of our studies, when animals are
terminated, we use and share tissue with other groups to maximize the return per animal.

Whilst it is not currently possible to develop non-animal alternatives to electrophysiology
research, we perform analogous experiments in humans (both behavioural and
neuroimaging studies), and invest considerable energy in computational modelling of the
potential circuits and neural computations supporting the cognitive operations examined in
our tasks. These studies in humans shape and inform our animal studies; they allow us to
make specific predictions about the types of neural computations expressed during
performance of our tasks. The studies also inform where these neural signals might be
located in the brain (hence refining where we target our single neuron recordings), and the
potential consequence of disrupting these neurons/circuits with reversible interference
approaches. Thus, these studies in humans refine our experiments, thereby providing both
a Reduction and a Refinement to the experimental approach.

In addition, we continue to develop our data analysis and data mining strategies, which can
sometimes be applied to previously collected data, allowing us to maximise the output
from current and previous studies.

A retrospective assessment of reduction will be due by 15 June 2031
The PPL holder will be required to disclose:

e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?
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Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

Our choice of species is the Rhesus macaque (Macaca mulatta) because they are the best
available model for understanding the mechanisms of advanced cognitive function that
characterise human cognition. First, our experiments are designed to examine the neural
basis of some of the most complex cognitive processes present in primates including
humans including learning, decision-making, planning, and inference. To solve these
tasks, subjects must learn about the meaning of large sets of stimuli, learn common rules
across many stimuli, and make inferences about what choices to make in novel situations;
it is extremely unlikely that rodents could reliably distinguish between, and memorize,
hundreds of visual objects required to perform these tasks correctly. Research over the
past decades from many labs throughout the world has established that macaque
monkeys can be well trained on various cognitive tasks involving controlled eye
movements. Neurophysiology (the recording of activity of individual neurons) is currently
the only way to understand how single neurons encode information, and hence the only
way to study the underlying neural computations that support these cognitive processes.
For our results to be applicable to human patients and understanding human prefrontal
cortex function, it is necessary that the work is carried out in macaques.

To achieve these studies, macaques will learn cognitive tasks in their home room without
restraint, and then transition to performing these tasks in the laboratory or brain imaging
scanner with restraint; this ensures as much training as possible is achieved without
restraint. In these tasks, animals sit in a testing chair and use a joystick or touchscreen to
respond to the experimental task for a reward.Positive reinforcement is used throughout
training sessions. Macaques will undergo structural MRIs under anaesthesia which are
critical for designing custom-fitting implants and for surgical planning. Macaques will
experience one or more surgeries where we implant devices to the skull which allows for
head restraint and recording of single neurons from within a recording chamber; these
implants are bio-compatible which promotes bone integration and implant/tissue health.
These implants are essential to enable stable tracking of eye movements, safe recording
of single-neuron activity using an electrode(s) within the brain, and/or obtaining signals in
fMRI with minimal motion artefacts whilst the macaques perform cognitive tasks. Implants
are regularly cleaned using aseptic approaches which maintains the health of the implant,
minimises infection risk, and ensures accessibility of the nervous tissue during electrode
recordings. Anaesthesia and post-surgical pain treatment regimes are continuously
reviewed by the veterinary team to minimize recovery times and maximize animal welfare.
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Whole brain imaging helps identify brain regions of interests in our tasks which minimizes
‘search’ time when the first electrode recordings are performed. Electrode recordings are
performed with advanced high-density recording probes which are minimally invasive and
maximise neuron yield, and hence minimises the number of required recording sessions.
These neural recording procedures may be paired with reversible pharmacological or
neurostimulation approaches, which allow for critical insights into the causal role of
neurons and/or brain regions of interest, and hence maximises output of the studies. Some
of the tasks are challenging and require attention and motivation to complete a complex
set of steps. Thus, the animal’s fluid intake may be scheduled or controlled to obtain task
motivation and behavioural performance, but this is individually titrated so that the least
level of control is used. Finally, all animals are humanely terminated. Terminal procedures
under anaesthesia include the collection of tissues, which allows maximising the amount of
information gathered from each valuable experimental animal.

Why can’t you use animals that are less sentient?

The aim of our research is to understand how the brain supports complex cognitive
processes such as learning, planning, decision-making and inference. To study these
cognitive processes, we use tasks that require learning and discriminating many stimuli,
learning and generalising common features/rules from those stimuli, and making
inferences in novel contexts, often with behaviours indicated via eye movement. This is
not possible to the same extent in marmoset and rodents. Less sentient species do not
have a sufficiently similar brain to humans to understand cognition at the level that is
required. These cognitive processes are known to rely on the prefrontal cortex and
interconnected brain structures which is largely absent in rodents. It is also extremely
unlikely that rodents could reliably distinguish between, and memorize, hundreds of
visual objects required to perform these tasks correctly. The same applies to animals in
more immature life stages. New World monkeys like marmosets aren't suitable for these
experiments because they don’t stay still for recordings, aren't as skilled with their hands
for using joysticks or touchscreens, and have less developed prefrontal brains, making it
harder for them to learn complex tasks. We cannot use animals that are terminally
anaesthetized in our experiments because our goal is to understand how different
neurons, neural networks and neurochemicals interact to give rise to complex cognition
and behaviour. The animals that we investigate must be awake and not anaesthetized.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

Our institution and research teams are fully committed and equipped for highest quality
experiments in non-human primates. Our research team places special emphasis on pre-
and post-operative care of the highest possible standard, including use of analgesics in
consultation with the Named Veterinary Surgeon. Where possible, animals are provided
with oral medication to avoid injections. If animals require injections, training to present
injection site using rewards and treats is implemented to avoid restraint where possible.
Whilst on a food or fluid-controlled regimen, behaviour and condition of the animal will be
monitored and recorded to ensure a stable weight and health of the animal. Animals are
also observed daily, so any changes in their body condition, behaviour or overall health
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can be rapidly detected and any necessary changes to their schedules or veterinary
treatments made promptly. We have developed effective methods for pair/group housing
and social well-being of animals. We create rich environments for our animals, including
exercise pens with toys, puzzles, foraging material and other cage furniture. Single
housed animals are provided with additional enrichment and repeated attempts are made
to find a suitable pairing where possible. Given our research aims to identify value signals
in the brain, it is imperative that animals find our experiments rewarding and hence
valuable. To ensure this, animals are trained to enter special chairs and complete tasks
using treats and rewards.We take great effort to enhance comfort and welfare in the
testing chairs (when needed), and that the tasks are interesting and motivating to the
animal, by providing a variety (and choice) of preferred juice types, changing the stimuli or
providing new task problems to solve. We also provide an assortment of healthy treats as
part of their diet, and typically reward animals with fresh fruit following good performance
during training sessions. As a result, animals voluntarily participate and work hard on our
tasks, such that we are consistently able to collect the behavioural and neuronal data
necessary to achieve our scientific aims.

We also continually refine our methods to promote best practice. We survey the literature
closely, and refine implant designs to promote biocompatibility and long-term health and
stability. We equally are in constant exchange with colleagues about novel methods,
implant care, and improved training techniques, and have adapted novel strategies on a
regular basis. We will continue to do so in the future. We discuss our surgical approaches
with colleagues, human neurosurgeons and human craniofacial surgeons, and they have
attended our surgeries and advised on best practice. Competency assessment (by animal
care staff and/or veterinary surgeons) is required before applying procedures to animals.

Our electrophysiological methods are also continually refined as new technologies
emerge, so that we can obtain better neural data with fewer electrodes, and fewer
recording sessions; this reduces the duration an animal is in the experiment, which
reduces the risk of any adverse effects. For example, we have designed a new system
with specialised electrodes, which can record hundreds of neurons, from specific cell
layers (and cell types) within a region, and from different brain regions simultaneously,
with significantly fewer brain penetrations, a key welfare refinement. In addition, these
electrodes allow us to obtain better data as we can identify small “functional clusters” that
could not otherwise be identified in smaller neuronal datasets. Moreover, because these
neurons are all recorded simultaneously, we can understand how neurons and brain
regions functionally communicate- that would otherwise not be possible. We are also
developing wireless electrophysiology technologies so that experiments can be
performed within the home-room, without restraint or separation from cagemates; these
technologies will ultimately require fewer surgeries, and allow for more diverse and
naturalistic behaviours to be explored, hence offering many refinements. In addition to
reducing restraint, and improving social outcomes, this technique allows us to flexibly
sample a richer behavioural repertoire, and critically, investigate neural activity during
sleep.
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We also have helped develop a non-invasive neurostimulation approach called
transcranial ultrasound stimulation. This technique constitutes a refinement over previous
approaches for manipulating brain activity because it is painless and requires no brain
surgery, and is fully reversible within a few hours. A small device is placed on the scalp
that directs ultrasound waves into the brain for about a minute; and is now routinely used
in humans.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

We continually strive to refine our approaches. This can come in at least two forms. First,
we follow published best practice. This might be in relation to published reports on i)
surgical approaches and/or implant design/materials such as materials to promote
biocompatibility of implants, ii) new neural recording technologies like the development of
new electrodes; development of better software to isolate neurons and improve neuron
yield) or in the form of training and housing protocols such as using food/fluid schedules
or positive reinforcement training. Second, we also continually interact with stakeholders
more informally where new data is shared, but perhaps not yet published. This might be
in attending local 3Rs/NC3Rs events, attendance at welfare-related meetings and
workshops, or collaborations and interactions with other labs to learn about their best
practice approaches. This allows us to stay up-to-date on current best practices, and
learn how to safely incorporate these refinements into our own research approaches.

We will adhere to local standards for research animals, and where appropriate, support
the development of new local standards for refinements discovered during the project
licence. Any guidance from the Animals in Science Regulation Unit (ASRU) that is
available is followed very carefully. In addition, we follow the advice of the NC3Rs and
the Laboratory Animal Science Association (LASA) when it is available unless it conflicts
with ASRU guidance or is not approved by ASRU. We also follow best-practice
guidelines that are produced by learned societies such as the Society for Neuroscience
or the Federation of European Neuroscience Associations unless it conflicts with ASRU
guidance or is not approved by ASRU.

To ensure reproducibility of our methods and findings, we follow the ARRIVE guidelines
and provide complete descriptions of our methods and data in our publications.

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

Our methods conform to those used in many primate neurophysiology laboratories for
several decades around the world, and follow recommendations established by NC3Rs
reports. Members of our lab routinely attend local 3R and NC3Rs events, and attend or
participate in European meetings regarding animal welfare, and to discuss refinements
and best practice procedures. We also regularly visit and interact with other non-human
primate labs in the UK to discuss new approaches and refinements of current approaches.
We also regularly review the scientific literature and incorporate suggested refinements
where safely possible related to implant design, wound protection, food/fluid control
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schedules, effective training methods, etc. We have a strong track-record in applying the
3Rs in particular Refinement. A strong example of this is our development of the home-
room training system which facilitates behavioural training in the home room, without
restraint or separation from the animal group; this was awarded NC3Rs funding to install
these systems in non-human primate labs across the UK.

We have regular meetings with colleagues in our institute including other researchers,
veterinary staff, and animal welfare staff that have a major focus on welfare and welfare
improvement. | am a member of several welfare-related committees where they consider
application of the 3Rs, and how best to ensure the highest welfare standards. We also
regularly meet with the animal care staff, veterinary surgeons, and animal care staff that
inform, and disseminate improvements and recent studies involving reduction,
replacement and refinement.

A retrospective assessment of refinement will be due by 4 July 2031
The PPL holder will be required to disclose:
o With the knowledge you have now, could the choice of animals or model(s)

used be improved for future work of this kind? During the project, how did you
minimise harm to the animals?
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5. Neuronal Basis of Somatosensorial and Pathological
Pain

Project duration

5 years 0 months

Project purpose

e (a) Basic research
¢ (b) Translational or applied research with one of the following aims:
o Avoidance, prevention, diagnosis or treatment of disease, ill-health or
abnormality, or their effects, in man, animals or plants

Key words

Cutaneous pain, Joint pain, Visceral pain, Somatosensory system, Spinal cord

Animal types Life stages

Mice Embryo and egg, Neonate, Juvenile, Adult,

Pregnant adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment

This may include reasons from previous versions of this licence.
* Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

The aim of this project is to identify distinct nerve cell circuits in the spinal cord that are
involved in processing sensory information from the skin, joints, and internal body organs
under normal conditions, and to determine how the properties of these circuits change in
long-term pain states.
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A retrospective assessment of these aims will be due by 28 July 2031
The PPL holder will be required to disclose:

* |Is there a plan for this work to continue under another licence?
« Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

Our bodies have evolved complex circuits of interconnected nerve cells (neurons) to relay
information from our skin, muscles, joints and internal body organs up to the brain for
perception of various sensations including touch, temperature, and pain. The information
that gives rise to these sensations is relayed to the brain along distinct sense-specific
pathways that pass through the spinal cord. In the spinal cord, dedicated collections of
neurons form functionally specific circuits that play a crucial role in helping our central
nervous system (CNS) make sense of the barrage of sensory information it receives. For
each type of sensation, there are distinct neuronal circuits that help prioritise which
signals are sent to the brain for perception. These dedicated circuits also play important
roles in refining the sensory information being processed by our CNS, helping ensure that
we mount responses that are contextually relevant. Understanding the cellular make-up
of these complex and highly variable neuronal circuits presents a major scientific
challenge in our efforts to understand how we respond to our environment under normal
conditions. This challenge is compounded when we try to understand how these systems
change in pathological conditions that lead to altered sensory perception and chronic pain
states.

Chronic pain affects approximately 20% of the global population and is often resistant to
any form of treatment. This debilitating condition can result from a variety of pathological
conditions such as nerve injury, arthritis, or bowel disease, and can lead to patients
experiencing heightened levels of pain perception, spontaneous pain, or the perception
of pain from stimuli that were previously innocuous (e.g., light touch or brushing of the
skin now being perceived as painful). Since changes in how sensory information is
processed within the spinal cord is known to play a key role in the development of these
chronic pain states, it is vital that we identify precisely which circuits (and which cellular
components in particular) change in diseased conditions so we can then develop targeted
approaches for the development of more effective pain management strategies. To do
this, we must first study how these distinct circuits function under normal conditions and
then determine whether (and if so, how) each neuronal component of these circuits
change in the various chronic pain states. We have previously identified two different
populations of nerve cells in the spinal cord that each contribute to very different aspects
of chronic pain. One of these nerve cell populations is important in setting pain
thresholds: if these cells don't work as they should in an experimental animal it will show
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an increased response to a mildly painful stimulus. The second nerve cell population is
also important in initiating appropriate behaviours: if these cells don't work properly, an
experimental animal will show a pain-like response to a light touch that would normally be
perceived as being pleasurable. These types of changes in perceptions to touch and
painful are common in chronic pain patients. To help develop more effective treatments
for a variety of chronic pain states, we aim to identify other neuronal populations that also
contribute to these pathological conditions, determine how/whether their contributions to
the circuits they comprise change, and go on to devise ways of restoring their normal
function to alleviate the pathological pain.

In this project, we aim to determine how distinct populations of nerve cells contribute to
processing sensory information under normal conditions and establish whether these
change in chronic pain states. To achieve this, we will use a series of transgenic mouse
lines that allow us to target and manipulate the function of several distinct neuronal
populations with precision. Some of these lines will generate mice in which intrinsic
fluorescent proteins will be expressed exclusively in our targeted population(s), helping us
identify these cells for electrophysiological recording experiments and histological
analysis. Other lines will generate animals where specific light- or drug-sensitive channels
are expressed selectively in our cells of interest, allowing us a means of manipulating the
function of these neurons with precision, and in doing so helping us to establish their
respective roles in different behaviours. We will then use experimental models of different
chronic pain states induced by either surgical procedures or following direct manipulation
of our target neuronal populations to determine whether (and if so, how) the functional
properties of these cells change. By targeting and manipulating these cell populations
selectively and with precision, we can determine their respective contributions to both
normal and pathological pain processes. It is only possible to conduct these experiments
in animal models, but the findings of these studies will identify novel targets for alleviating
chronic pain states.

What outputs do you think you will see at the end of this project?

Chronic pain is a debilitating condition that is often resistant to treatment, and this
represents an unmet clinical problem. One of the major problems we face in addressing
this issue is our limited understanding of the neuronal processes involved in normal
somatosensory processing and how the properties of these circuits change under
pathological conditions.

The principal aim of this project is to identify distinct populations of nerve cells in the
spinal cord that are involved in the perception of touch and pain. By identifying these
cells and defining their contribution to sensory perception in normal and chronic states,
the results of these studies will help develop new, more specific targets for interventions
to alleviate a variety of pain conditions.

The results of these studies will be published in peer-reviewed journals and presented as
talks or conference presentations around the world at academic gatherings and to
pharmaceutical companies. These findings will help other pain researchers and
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pharmaceutical companies identify novel targets for the development of new pain
management therapies and analgesics.

Who or what will benefit from these outputs, and how?

The findings of these studies will be of direct benefit to other scientists working on the
somatosensory and visceral systems, as well as those in the pharmaceutical industry,
particularly in relation to development of new analgesic drugs.

The ultimate beneficiaries of this collective effort to devise more effective pain
management approaches will include human patients and animals suffering from chronic
pain, and the clinicians responsible for their treatment. Chronic pain affects
approximately 20% of the global population, however, one-in-three patients remain
resistant to any form of treatment currently available. The personal impact of chronic pain
is widespread and significant: 65% of these patients reporting difficulty in sleeping, 49%
develop depression and 16% claim "the pain is so bad that they want to die”.
Approximately 20% chronic pain patients consider suicide, and between 5 and 14% of
these patients attempt to take their own life. The need for more effective pain
management therapies is clear, and the work outlined in this project will contribute
significantly to addressing this clinical need.

How will you look to maximise the outputs of this work?

The findings of these studies will be published in peer-reviewed journals and presented
as talks or conference presentations around the world at academic gatherings and to
pharmaceutical companies. The dissemination of this information will allow me to bolster
existing international collaborations, as well as help develop new partnerships with both
academics and pharmaceutical companies. This information will also be disseminated to
the general public through outreach projects, direct engagement with chronic pain patient
groups and charities.

The development of more effective pain management strategies will have a significant
impact on improving the health and well-being of chronic pain patients, and
consequently that of their families. Improved treatments for chronic pain will also be of
considerable economic benefit to society due to the reduction in time lost from work.

Species and numbers of animals expected to be used

» Mice: 20000

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.
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The aim of this project is to determine the roles of neuronal populations in processing
somatic, joint, and visceral sensory information. The nervous system is infinitely complex,
with thousands of different types of cells packed densely into very small volumes. To
study these systems and understand their roles in influencing behaviours, we need to
keep the nervous system intact to establish precisely how distinct circuits function in
health, how they are segregated from other circuits within the same volume of tissue, and
how these arrangements change in pathological states. To achieve these aims, work of
this type can only be performed in animals. The mouse is the only species that could be
used in this project because of the availability of genetically altered lines in which
fluorescent proteins or recombinases are present in specific neuronal populations. These
transgenic mice allow us to manipulate the activity of discrete components of highly
complex sensory pathways using a variety of experimental approaches. By manipulating
these neuronal targets specifically under experimental conditions, we can determine the
role they play in the development of chronic pain states. In some cases, we will administer
transgene inducing agents (e.g., tamoxifen) to neonates or pregnant females. This is
necessary as it provides the only means of capturing the expression of markers that may
only be expressed at early stages of embryonic development. Most experiments will be
conducted in juvenile/young adult mice given that the neuronal circuits in the central
nervous system are fully established by these stages. This provides us with a means of
comparing functionally distinct circuits in naive and chronic pain states which will help
identify how these change in pathological conditions. These changes are likely to underlie
the development of the resultant pain states and will provide novel targets for the
development of new pain management therapies.

Typically, what will be done to an animal used in your project?

Transgenic mice will be bred under this project for use in studies to further our
understanding of how sensory information derived from the skin, joints, and viscera is
perceived under normal and pathological conditions. In this project we will target discrete
neuronal populations using molecular-genetic and surgical approaches to establish their
role in processing sensory information.

This project employs three protocols that will allow us to address our scientific questions:
1. Cellular basis of cutaneous (skin) pain and itch

2. Cellular basis of joint pain

3. Cellular basis of visceral (gut and abdominal) pain

We will use experimental approaches that allow us to target neuronal populations
selectively so we can establish their anatomical relationships within functionally distinct
neural circuits, determine their functional properties within these circuits, and establish
how the activity of these cells influence animal behaviours. We will then target these
same cells in several surgically-induced models of nerve injury-induced pain, persistent
itch, joint pain, or visceral (abdominal/gut) pain to determine whether, and if so how, these
properties change, before then trying to restore normal activity to attenuate behavioural
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changes or alleviate any pain. By establishing the role(s) of individual cell populations in
spinal circuits underpinning particular behaviours and how these change in pathological
states leading to chronic pain or itch, we can identify novel therapeutic targets to develop
more effective treatments for use in the clinic.

What are the expected impacts and/or adverse effects for the animals during your
project?

Given that we are studying the neuronal basis of chronic pain states, it is unavoidable that
animals used in this project will experience pain. The experimental pain models we
propose to use are designed to replicate specific clinical features experienced by chronic
pain patients, such as heightened sensitivity to touch or temperature. In some of our
models, this pain we aim to induce will only be transient, lasting no longer than ~ 3 days,
but in other cases it is expected to persist for several weeks. These animals are expected
to experience only moderate pain that is generally restricted to particular body regions
(e.g., small areas of skin on the hind-foot or on the calf), and we will safeguard against
animals experiencing more severe pain states. In many instances, experiments will be
conducted on animals under general anaesthesia to minimize the impact of these pain
states.

We are aware of the potential for adverse effects associated with the use of these various
models such as weight loss, self-directed tissue damage and locomotor impairment, but
incidence of such events will typically be very low (<3%). We have used these established
experimental approaches of neuropathic pain for over 20 years, and have not seen any
mice develop more severe levels of pain. Nonetheless, our research and technical staff
are well-versed in spotting these potential problems through a careful post-operative
monitoring program.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

We expect around 30% of mice used in Protocols 2, 3, and 4 (excluding those on
Protocol 1) to experience mild pain as a result of our intervention, with the remainder likely
to experience moderate pain. Where possible, the pain states in these experimental
animals will be managed through the administration of analgesics and close monitoring to
minimize undue suffering and guard against the development of more severe pain states.

What will happen to animals used in this project?

+ Killed
¢ Used in other projects

A retrospective assessment of these predicted harms will be due by 28 July 2031

The PPL holder will be required to disclose:
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¢ \What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

To achieve our scientific aims, we must study functional neuronal circuits in the spinal
cord. This is achieved using a multidisciplinary approach in transgenic mice to study the
anatomical and electrophysiological properties of distinct neuronal population and
establishing the functional role these cells play in sensory perception. These experimental
approaches, which are wholly dependent on being able to visualise and/or manipulate
discrete neuronal populations, are only achievable through the considered use of animal
models.

Which non-animal alternatives did you consider for use in this project?

This project assesses the functional impact of discrete neuronal populations on behaviour
and must therefore be conducted on live animals or in ex vivo slice preparations where the
neural circuits being studied remain intact. It is not possible to determine the functional
significance of discrete neuronal circuits without being able to correlate the anatomical and
electrophysiological properties of individual neuronal components with the induction of
behavioural responses following targeted manipulation in vivo.

Why were they not suitable?

Not applicable.

A retrospective assessment of replacement will be due by 28 July 2031
The PPL holder will be required to disclose:

+ What, if any, non-animal alternatives were used or explored after the project
started, and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?
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We estimate these numbers based on previous experience in conducting this type of work.
In order to target discrete neuronal populations repeatedly and with precision, we will need
to breed several distinct transgenic mouse lines for our experiments. These breeding
programs will produce animals we can use to visualise and manipulate the activity of
distinct circuits specifically. The precision of these approaches ensures our experiments
are reproducible, and this leads to a substantial reduction in the numbers of animals
required to generate statistically meaningful datasets than would otherwise be possible.

The intersectional strategies we use to target these distinct neuronal populations require
the crossing of several lines, e.g., to generate triple- or quadruple transgenic lines where
different recombinases as well as different reporter lines are expressed. Some of the
mice we will have to use must be heterozygous, and in complicated crosses, this results
in a low yield of offspring with an experimentally useful genotype.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

We have 20 years of experience in designing these types of experiments and supplement
this regularly by engaging with the EDA and discussions with colleagues. Where possible,
we have developed breeding strategies that will generate homozygous mice for use in
subsequent crosses to produce offspring with the appropriate genotype. It is possible that
some offspring of particular genotypes can be re-used in breeding programs to maintain
lines.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

We employ strict quality control measures over all experimental aspects to optimise the
number of animals used in these projects, such as genotyping and phenotyping all litters to
validate animals designated for continued use. Where possible, tissue is collected at the
end of procedures so it can be used in parallel anatomical studies.

A retrospective assessment of reduction will be due by 15 June 2031
The PPL holder will be required to disclose:

¢ How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.
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Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

These studies can only be performed on mice, due to the wide range of genetically
modified lines available for this species. Our experimental rationale is that the functional
and/or anatomical basis of spinal cord circuits that are involved in different sensory
perceptions change in chronic pain states. To identify these changes, we must first map
the circuits in normal animals and then study the respective properties of these same
circuits in the different animal models of chronic pain states. The experimental models we
intend to use will result in animals developing particular pain-related behaviours that are
characteristic of the clinical conditions we are trying to replicate. These pains will be
localised to discrete body regions (e.g., restricted areas of skin on the hind paw or hind
limb), and where possible will only apply to one side of the body. Each experimental
model will dictate the type of pain we expect the animal to experience, and this will be
confirmed by observing evoked and self-initiated behavioural responses. For example, in
the various nerve injury models, some animals will be expected to show a heightened
sensitivity to light touch, some will be expected to display an exaggerated pain response
to a mildly painful thermal stimulus, while others will be expected to show heightened
grooming/licking behaviours targeting discrete skin regions. In our experimental model of
osteoarthritis, we expect our animals to show altered weight-bearing patterns and
moderate mechanical hypersensitivity to light touch applied around the knee of the
affected limb, in addition to more subtle behavioural changes affecting general activity
levels during rest/sleep mirroring changes seen in patients, but with no overt signs of
stress or discomfort. By studying these well-established but very different animal models
of chronic pain, we aim to determine the neural mechanisms underpinning each of these
different conditions and explain how the different behavioural presentations are
established.

Given the scientific objectives of this programme, it is inevitable that many animals used on
this licence will experience a moderate level of post-operative discomfort, but we will
ensure that this is kept to an absolute minimum. Our considered use of cutting-edge
technologies, such as the molecular-genetic targeting approaches we intend to adopt,
ensures we use fewer animals to achieve our experimental objectives than would
otherwise have been necessary if we were to use more traditional approaches.

These traditional approaches generally involve very crude manipulation of large groups of
neuronal populations and lack precision of selectivity to defined subpopulations in distinct
circuits (e.g., systemic administration of drugs to study neuronal circuits in the spinal
dorsal horn will also affect circuits in other parts of the central nervous system). The novel
approaches we will use in this project allow us to target and manipulate discrete neuronal
populations with greater precision than previously possible. This allows us to influence
activity of neurons in defined circuits specifically from which we can determine the
functional significance of our targeted population.
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We can target these different nerve cells experimentally in several different ways, to
either "switch them on" or "switch them off" at our command (using optogenetic or
chemogenetic approaches), to silence these cells permanently (genetic silencing), or
to eliminate these cells (genetic ablation). By controlling the activity of particular nerve
cell populations in our different experiments, we gain insights into the role these particular
cells play in how the nervous system processes sensory information.

Why can’t you use animals that are less sentient?

Given that we intend to study changes to mature spinal circuits under pathological
conditions, most of our studies will be in juvenile and young adult mice. It is not possible to
carry out these studies in animals that are still developing since compensatory changes at
these early stages may mask structural reorganisation seen in the adult nervous system.
Nonetheless, we will use animals at embryonic and neonatal stages to label cells early in
development but will only look to target and manipulate these cells in mature animals.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

All experimental procedures are reviewed periodically to ensure optimal performance, in
consultation with other local groups and NVS to ensure best-practice and optimal
performance and are conducted in accordance with local working practices. All of the
experimental procedures outlined in this project are established in our Group and are the
most refined approaches to address our scientific questions whilst also ensuring minimal
pain and discomfort. For example, by defining unique molecular profiles for the neuronal
populations of interest, we have developed intersectional genetic strategies to target
these cells specifically. Furthermore, by adopting chemogenetic and optogenetic
approaches to manipulate neuronal populations only transiently allows us to use animal
for both in vivo and ex vivo experimental settings, these optimised procedures have the
added benefit of greatly allowing us to accurately correlate behavioural responses with
anatomical studies of individual cells and cell-level activity patterns/physiological in
targeted neuronal populations. This unprecedented means of linking related functional
readouts in individual animals greatly reduces the experimental impact they would
otherwise experience as well as helping reduce the total number of animals being used
in individual studies.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

We will perform all studies in line with ARRIVE and PREPARE guidelines, and with
guidance found on websites managed by NC3Rs and the local institution, as well as in the
published literature.

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

| will follow directives from our local NVS and NIO, and updates from NC3Rs
directly (www.nc3rs.org.uk/the-3rs), as well as keeping up-to-date with best
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practices as described in the scientific literature. | will continue to attend quarterly
meetings between the Director of Biological Services (and NIO) with Neuroscience
research staff within the School of Psychology and Neuroscience, and to act as a
scientific member of the university's AWERB.

A retrospective assessment of refinement will be due by 28 July 2031

The PPL holder will be required to disclose:

¢ With the knowledge you have now, could the choice of animals or model(s) used be
improved for future work of this kind? During the project, how did you minimise
harm to the animals?
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6. Spinal circuits underlying pain sensation

Project duration
5 years 0 months
Project purpose

e (a) Basic research
¢ (b) Translational or applied research with one of the following aims:
o Avoidance, prevention, diagnosis or treatment of disease, ill-health or
abnormality, or their effects, in man, animals or plants

Key words

Pain, Spinal cord, Projection neuron

Animal types Life stages

Mice Neonate, Juvenile, Adult, Pregnant adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

« Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

The spinal cord plays a key role in how we feel pain. It passes pain signals from the body
to the brain. However, we still don’t fully understand how it does this. This project aims to
study the different types of nerve cells in the spinal cord that are involved in pain. We are
especially interested in a group called projection neurons, which are the nerve cells that
send messages from the spinal cord to the brain. We will explore how these cells are
connected and how they contribute to long-term pain and itch.

A retrospective assessment of these aims will be due by 27 July 2031
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The PPL holder will be required to disclose:

» Is there a plan for this work to continue under another licence?
+ Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

Chronic pain is very common, affecting about 30% of adults in the UK. It may result from
diseases such as arthritis, arise as a result of trauma, surgery, or injuries to nerves, and
may even have no clearly identifiable cause. Pain is not only unpleasant for sufferers,
dramatically reducing quality of life, but is also associated with mental health problems
such as depression. It also affects work, family life, and healthcare costs. Current
treatments for pain often don’t work well enough. To develop better treatments, we need
to understand how pain signals travel through the spinal cord and how this changes in
people with long-term pain. This project will help us do that.

What outputs do you think you will see at the end of this project?

We expect this research to produce new information about how different types of nerve
cells in the spinal cord are connected and how they work together to process pain and
itch signals. This includes both short-term pain and longer-lasting forms such as chronic
pain. The findings will be shared in scientific articles published in open-access journals
so that other researchers can use the results in their own work.

Who or what will benefit from these outputs, and how?

Chronic pain is a major health issue that affects nearly one in three people. It can severely
reduce a person’s quality of life and is often linked to other problems such as depression,
anxiety, and social isolation. One of the main reasons why current treatments for chronic
pain do not work well is because we still do not fully understand how the nervous system,
especially the spinal cord, processes pain signals. This research aims to address this
knowledge gap, with the ultimate goal of paving the way for more effective and safer pain
therapies.

The outcomes of this project are anticipated to provide significant benefits across various
sectors and timelines, from immediate scientific advancements to long-term societal and
patient-level impacts.

In the Short-Term (During the project and just after):

For the Science Community: We will create a detailed map of the specific nerve cells in the
spinal cord that control pain and itch. We will share this map with other scientists through
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research papers and meetings. This provides a vital, up-to-date resource for any scientist
studying how the nervous system works, helping to speed up progress in the field.

For Future Research: Our work will identify unique features of these pain-related nerve
cells. This will help us and other researchers to develop new tools that can interact with
these cells in a very precise way. By providing a better "map," we can help other scientists
to design more focused experiments, which could help to reduce the number of animals
needed in pain studies in the future.

In the Medium-Term (2-5 years after the project):

For Medicine Developers: Drug companies are urgently looking for new painkillers that
are not based on opioids like morphine. Our research will pinpoint new, specific targets in
the nervous system for them to focus on. This will give them the confidence to invest in
developing new drugs that work on these targets. The goal is to create medicines that are
more effective against pain and don't have the serious side effects of opioids, like
addiction and breathing problems.

For Healthcare Professionals: A clearer understanding of how chronic pain works will help
doctors, nurses, and physiotherapists. This knowledge can lead to better ways of
diagnosing and categorising different types of pain, allowing for treatments that are tailored
to the individual patient. This will ultimately improve the care and advice they can offer.

In the Long-Term (5+ years after the project):

For Patients and the Public: The most important benefit will be for the millions of people
living with chronic pain. By paving the way for better, safer treatments, our research could
significantly improve their quality of life. This means less daily pain, better mobility, and a
reduction in the mental and emotional strain that comes with their condition.

For Society and the Economy: Chronic pain costs the country billions each year in
healthcare expenses and lost workdays. By helping to create treatments that allow people
to manage their pain and live fuller lives, this research can eventually reduce this
financial strain. A successful non-opioid painkiller would also be a major step in tackling
the opioid public health crisis.

How will you look to maximise the outputs of this work?

We are committed to sharing our findings widely. We will publish our results in open-
access scientific journals so they are freely available. We will also present our work at
conferences and meetings to ensure that other scientists can learn from and build on what
we discover. We will continue to work with other research groups studying pain and itch.
We will share any new methods we develop and publish results even if they do not support
our original expectations, as these are also useful to others in the field.

Species and numbers of animals expected to be used

¢ Mice: 5000
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Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

We are using mice in this project because they are the only species that allow us to use
special genetic techniques that allow us to label, track, or control nerve cells in the spinal
cord. Most experiments will be carried out on young adult mice, which is the stage at
which the spinal cord is fully developed. Some injections will be done when animals are
younger to allow precise targeting of specific cell types.

Typically, what will be done to an animal used in your project?

We will breed genetically modified mice to help us understand how nerve cells in the
spinal cord respond to different types of touch and pain. These mice allow us to study the
roles of specific cell types because they have been genetically altered in ways that make
certain cells visible or responsive to particular treatments. The mice used in this project
will typically be young, sexually mature mice less than one year in age. They will undergo
procedures that are either intended to trace specific neurons or to model clinically
relevant painful conditions.

To trace the paths taken by nerve cells, we will use a method called neuronal tracing.
This involves injecting tiny amounts of special substances, called tracers, into specific
parts of the body, spinal cord, or brain while the animal is under general anaesthesia.
These tracers travel along nerve cells and help us see where they are connected. Some
tracers are based on harmless viruses that can be used to highlight particular nerve cell
types, especially when combined with the genetic modifications in our mice. These
tracing experiments are usually done on young adult mice that are less than four months
old. Each animal will receive up to three tracer injections, although in most cases only
one injection into the brain will be needed to label the relevant nerve cells in the spinal
cord. After the tracing is complete, these animals will be used in follow-up studies. These
may involve examining their tissues under the microscope or observing their behaviour in
response to different kinds of touch or pain. These studies may last for several weeks.

To study how pain develops and behaves, some mice will undergo surgery under general
anaesthesia to create well-established models of pain. These models mimic conditions
such as nerve injury, pain after surgery, inflammation, or arthritis. Some animals will also
have tiny light-emitting devices (LEDs) implanted just under the skin. These allow us to
control the activity of specific nerve cells by shining light on them; a technique known as
optogenetics, where light is used to turn specific nerve cells on or off. After recovery from
surgery, we will study how these animals respond to gentle touch, heat, or cold, usually on
the paws. These tests are safe and non-damaging. In some cases, we will measure how
animals react to pain over time, including whether they avoid or prefer certain locations
after experiencing pain. This helps us understand not only how pain is felt but how it
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affects behaviour and memory. Some animals will be used in experiments while awake,
while others will be under deep anaesthesia or used only for tissue collection after being
humanely killed, following approved guidelines to prevent pain or distress. Most animals
in this project will be young adult mice of both sexes.

What are the expected impacts and/or adverse effects for the animals during your
project?

Animals that receive injections into the spinal cord or brain will receive pain-killers, and
should show no more than mild discomfort for 1-2 days following the operation. There is
likely to be transient post-operative weight loss, but they will rapidly recover and should
show no other ill effects. Due to the stress and potential pain associated with surgery
there is a high risk of aggression between co-housed male mice post-operatively. To
avoid the possibility of injury due to fighting, male animals will therefore be singly housed
after surgery.

Animals with nerve injuries, post-surgery pain, arthritis, or inflammation will show
relatively mild signs of pain, such as being more sensitive to touch or heat and cold. In the
case of inflammation this may last for up to a week, whereas after nerve injury or arthritis
the effects may be permanent. The animals' ability to move around their cages is not
reduced after these procedures, and they eat and drink normally. These mild changes to
sensation as a result of the pain models are what we measure, and are important as
outcomes in our experiments. In all cases, the duration of experiments will be a short as
possible to minimise the duration of these signs.

Animals in which spinal cord nerve cells are activated may feel mild to moderate levels of
pain, but this will be short lived (lasting no more than 2-3 hours).

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

Sub threshold (breeding) (80%)
Mild (5%)

Moderate(~10%)

Severe (<5%)

What will happen to animals used in this project?

» Killed

A retrospective assessment of these predicted harms will be due by 27 July 2031
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The PPL holder will be required to disclose:

* \What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

To study how pain signals are processed in the spinal cord, we need to work with tissue
that is still alive and functioning. This cannot be done with computer simulations or simple
cell cultures. Animal models are the only way to study the full complexity of how nerve
circuits work in a living system.

Which non-animal alternatives did you consider for use in this project?

We have investigated the possibility of using human spinal cord tissue or nerve cells
grown in a lab.

Why were they not suitable?

Human spinal cord tissue is hard to obtain and is often not in good enough condition to
allow detailed study. Lab-grown cells do not have the complex connections and structure
that are present in the spinal cord, so they cannot give us the information we need.

A retrospective assessment of replacement will be due by 27 July 2031
The PPL holder will be required to disclose:

+ What, if any, non-animal alternatives were used or explored after the project
started, and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

We based the number on our previous experience with this type of research and on the
breeding requirements for the genetically modified mice. Some experiments require
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specific combinations of genes, which means we need to breed more animals to obtain the
ones with the correct genetic makeup.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

Advice was taken from a local statistician and from online tools for performing power
calculations. We also make extensive use of study design resources such as the NC3Rs
experimental design assistant. These tools help ensure we use only as many animals as
necessary to get reliable results.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

Breeding of mice with targeted mutations will involve animals with two copies of the gene
as parents whenever possible, as this will increase the efficiency of the breeding.

Tissue (either perfusion fixed or fresh frozen) obtained from mice will be stored long-term
at -150°C so that it can be re-used for subsequent anatomical studies for this project, or
shared with scientists working on other projects.

When starting with a new approach we will use small groups initially to observe the likely
effect and to allow for appropriate calculations of the number of animals required. We will
then use these sample size calculations to make sure we only include the smallest
number of animals needed to see meaningful differences in the results.

We will use cross-over behavioural study designs where possible, where a single animal
is compared to itself at a different timepoint rather than to a littermate, thereby halving
animal numbers and reducing variability.

A retrospective assessment of reduction will be due by 27 July 2031
The PPL holder will be required to disclose:

e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.
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We will use well-established ways to create short-term or long-term pain conditions that
mimic real diseases like arthritis, nerve injury and post-surgery pain. These models have
been refined over many years and are known to cause only mild changes in behaviour.
They provide useful information while limiting the impact on the animals. None of these
models will cause significant alteration to the behaviour of the animal, and all animals will
be monitored regularly.

We will use spinal and brain injections to target specific nerve cells. These methods are

widely used and have been progressively refined (e.g. by minimising the extent of tissue

damage during surgery). Mice are provided with pain relief and recover very quickly, with
no behavioural alterations.

We will alter the activity of nerve cells in the spinal cord using methods (such as
optogenetic light activation) that have been designed to restrict the effects to very specific
nerve cell populations. These methods result in short-term activation, typically lasting no
more than 2 hours, and can be accurately controlled to limit any discomfort.

Why can’t you use animals that are less sentient?

Mice are the most suitable species for this type of research because we can use
advanced genetic tools with them. Other animals, such as fish or flies, do not have
nervous systems that are similar enough to humans, and they lack a spinal cord structure
like that found in mammals, making research done on them less relevant to pain in
humans. Most of our experiments use adult mice, and many are performed on tissue
from animals that have been humanely killed or are under deep anaesthesia.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

We will follow the highest standards of animal care at all times. Environmental and
behavioural enrichment are provided for animals. Staff will ensure that all animals receive
the highest standard of care. Animals will receive pain relief, warm housing, and fluids
when needed during and after surgery. They will be monitored closely, and if any animal
shows signs of suffering, we will intervene quickly.

As mentioned above, our models and procedures have been carefully chosen to minimise
any pain or distress. The models used to investigate chronic pain in this license are well
established and each of the models (arthritis, incision, nerve injury) simulates the
changes associated with these painful conditions in a meaningful and translationally
relevant way. It is also of note, that the behavioural changes observed in mice
undergoing these procedures are often mild and subtle and represent a minimum level of
pain that allows useful data to be gathered. In order to ensure this, animals are monitored
regularly for signs of pain and distress and any animal exhibiting signs that are excessive
will be administered appropriate analgesics or culled if necessary.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?
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We will follow national and international guidelines including those from the NC3Rs, and
we will use best practice documents such as ARRIVE, PREPARE, and EQUIPD to
ensure that our work is carried out responsibly and to a high standard.

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

We will follow the latest guidelines from the NC3Rs (National Centre for the Replacement,
Refinement and Reduction of Animals in Research). We will also attend training sessions
and conferences, and stay in regular contact with animal care staff and local ethics
committees to keep up with new developments and best practices.

A retrospective assessment of refinement will be due by 27 July 2031
The PPL holder will be required to disclose:

¢ With the knowledge you have now, could the choice of animals or model(s) used be
improved for future work of this kind? During the project, how did you minimise
harm to the animals?
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7. Testing novel vaccines in rodent models

Project duration
5 years 0 months
Project purpose

e (b) Translational or applied research with one of the following aims:
o Avoidance, prevention, diagnosis or treatment of disease, ill-health or
abnormality, or their effects, in man, animals or plants

Key words

vaccines, infectious diseases, mucosal responses

Animal types Life stages
Hamsters (Syrian) (Mesocricetus Adult
auratus)

Mice Adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

+ Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

The aim is to test our novel vaccine technologies engineered with antigens for their ability
to drive desired immune responses when the vaccines are administered to natural sites of
infection (eg oral vaccines to drive responses in the gut against gut infections, nasal
vaccines to drive responses in the respiratory tract against respiratory tract infections,
injected vaccines to drive responses against bloodstream infections). We will bench-mark
these responses for improvements against those elicited by licenced vaccines or
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vaccines in development. Most vaccines even today are injected regardless of the body
site that requires protection. The rationale is to make higher performing vaccines than
traditional injected vaccines by making them suitable for administration to natural sites of
infection to mimic natural protection. For our vaccines directed against the bacterium
Clostridioides difficile, which causes life threatening infection of the colon, we aim to
additionally test how well these vaccines protect from C. difficile infection (CDI) in
challenge studies. Injected vaccines directed against C. difficile have failed to protect
from infection in Phase Il trials highlighting the need to test the oral approach in this
case. Prior to our studies that deploy oral capsules, we aim to first test different types of
capsules to see which target the ileum (the main immune inductive site of the gut). We
can then use these capsules to deliver antigens to the target site.

A retrospective assessment of these aims will be due by 11 July 2031
The PPL holder will be required to disclose:

» |Is there a plan for this work to continue under another licence?
¢ Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

New vaccines are needed that target the initial site of infection to be maximally effective,
rather than inject the vaccine into muscle or below the skin (the way vaccines are usually
given). The exception is for bloodstream infections where it is beneficial to inject. Injected
vaccines generate protective IgG antibody in the bloodstream but little or no mucosal
antibody (secretory IgA), our natural first line of defence against most pathogens. Ninety
percent of infections begin at mucosal sites and the only way to effectively induce
secretory IgA is to immunise at relevant body sites e.g. orally for gut responses, or via
nasal or tracheal routes to induce respiratory or pulmonary responses.

Recent examples of failed injected vaccines directed against a gut pathogen are two
intramuscular (injected) vaccines developed by pharmaceutical companies against C.
difficile, which gave no protection in the colon from primary infection in Phase Il trials.
We are trying to revolutionise the way we make and administer vaccines. Today, oral
vaccines are available against only 4 infectious diseases however interest in oral
vaccines has accelerated since the pandemic due to their ease of administration
conducive for mass immunisation and lower cost of manufacture and distribution. There is
only one licenced nasally administered vaccine which is directed against seasonal flu.

We have developed 2 novel vaccine delivery systems. The first is a recombinant carrier
protein, and the second is an outer membrane vesicle (OMV) platform for which patent
filing is under review. We would like to further validate our delivery systems against C.
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difficile using the hamster lethality model to assess immunogenicity and protection and
test them against a variety of respiratory tract infections by engineering in antigens from
Mycobacterium tuberculosis, Pseudomonas aeruginosa and influenza virus for example,
and testing immune responses using the conventional mouse model. We also plan to
validate both delivery systems against the parasite, Plasmodium falciparum which causes
malaria in the mouse model. We will collaborate with other groups with relevant models
for subsequent challenge studies.

Into our delivery systems, we would like to engineer the most promising C. difficile
antigens according to the literature (for which sequences are known) and conduct
immunogenicity and challenge studies. CDlI is an antibiotic-induced infection, i.e., occurs
readily in individuals with gut dysbiosis that predisposes them to this opportunistic
pathogen. C. difficile enters the mouth through spores which germinate into metabolically
active vegetative cells in the small intestine and colonise the colon where they secrete
toxins that damage the gut lining. Symptoms start with mild diarrhoea that can rapidly
progress to pseudomembranous colitis and intestinal perforation often culminating in the
need for a colectomy. For severe CDI, up to 15% of patients die and death is usually
within 30 days of initial infection. We have used the Golden Syrian hamster, because like
humans, it is extremely sensitive to C. difficile toxins, following treatment with antibiotics,
and rapidly succumbs to CDI. It has thus been the go-to lethality model for studying C.
difficile pathogenesis and for testing vaccines and therapies against this deadly infection.

We previously found that oral capsules are effective in transporting our vaccines to the
small intestine but we would like to improve targeting of these capsules to the ileum to
drive maximal immune responses. More studies are required to test different types of
capsules to see which release at the target site.

What outputs do you think you will see at the end of this project?

New information on:

1) Which type of capsule is the most effective in releasing the vaccine (delivery
system engineered with antigens) in the ileum in the hamster model.

2) Which antigens engineered into our delivery systems induce desired immune
responses in bronchoalveolar lavages (BAL) and sera of mice using combination dosing
(e.g., intra-nasal, sublingual, intra-tracheal regimens), benchmarked against the
conventional injected route where commercial injected vaccines are available. The data
generated will exemplify the claims in our patent.

3) Which antigens engineered into our delivery systems induce desired immune
responses in intestinal fluid and sera of hamsters using oro-gastric dosing with capsules,
benchmarked against the intramuscular toxin-based vaccines developed by Pharma.
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4) Which antigens from pathogens that cause bloodstream infections such as the
parasite, Plasmodium falciparum which causes malaria, and on which delivery system
elicits the most promising immune responses given by injected routes.

5) The optimal vaccine that elicits protection from C. difficile infection (CDI) in the hamster
model.

We anticipate validation of our our delivery systems (comparing them with and without
inbuilt adjuvant), followed by publications, and development of a vaccine that
demonstrates good protection against CDI. We have strong interest from several
pharmaceutical and vaccine biotech companies for potential licencing opportunities.

Who or what will benefit from these outputs, and how?

Once we have exemplified claims in our patent and proved versatility of our delivery
systems in driving desired immune responses against diverse antigens, we plan to
licence these vaccines out to pharma who have an interest in the relevant disease
indication or the technology. We will disseminate our findings through publications in
peer-reviewed journals and through conference presentations during the lifetime of the
PPL. We plan to file a second composite patent (delivery system and antigen
composition) on the vaccine effective against C. difficile, and licence this out to our
pharmaceutical partner for further advancement before the end of the project.

PhD students will continuously benefit from obtaining, processing and analysing preclinical
data which will form the body of their thesis and make them highly employable.

The data generated throughout the course of this PPL will be used for applications for
major public funders (duration approximately 5 years).

How will you look to maximise the outputs of this work?

| will engage with renowned scientists from academia and industry at the annual World
Vaccine Congress to strengthen existing links and develop new collaborations for
translation and commercialisation. Following patenting, dissemination will take place at
conferences including the International Congress of Mucosal Immunology and through
publications.

Species and numbers of animals expected to be used

¢ Mice: 720
¢ Hamsters (Syrian) (Mesocricetus auratus): 570

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.
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For our vaccines directed against C. difficile we plan to use the Golden Syrian hamster.

Firstly, we established that this is a suitable model for testing oral enteric, pH-sensitive
capsules. Hamsters are of suitable size for capsules to transit through their
gastrointestinal tract (Gl tract) unlike mice. The different regions of the hamster Gl tract
have very similar pH values to corresponding regions in humans, with elevated pH in the
ileum. We have published data inferring that fasting before dosing increases the gastric
emptying rate, as observed for humans, increasing the likelihood of capsules entering the
small intestine and improving the chance of antigens reaching the target site.

The Golden Syrian hamster is the conventional lethality model for C. difficile infection -
lowest vertebrate which displays the full spectrum of CDI symptoms as humans. Young
adult hamsters (from around 11 weeks) of either sex are used for CDI studies as young
adults generate robust humoral responses - the correlate of protection that we aim to
measure.

For our vaccines directed against diverse respiratory tract infections, including
Mycobacterium tuberculosis (TB), Pseudomonas aeruginosa and influenza virus, we will
the most widely used mouse strain according to the literature. Likewise, for testing our
delivery systems engineered with Plasmodium falciparum antigens to target malaria and
injected routes, the most widely-used mouse strains will be used. Importantly, a
comprehensive immunological toolkit is available for mice. Although we will only be
testing immunogenicity of these vaccines, rather than protection from infection, we need
to use the same models as those that will be used by our collaborators for assessing
protective responses. For TB studies, mice reliably develop lung pathology and bacterial
burdens, for P. aeruginosa, mice are used for the acute pneumonia model (as well as the
burn-wound sepsis model) and for influenza and malaria, mice are the conventional
preclinical model. Different strains are used but typically C57BL/6 or BALB/c, to measure
bronchoalveolar (BAL) and systemic immune responses against antigens of all these
organisms.

Typically, what will be done to an animal used in your project?
Procedures include the following:

1. General anaesthetic will be given to mice or hamsters prior to being immunised
via nasal or tracheal routes or sublingually to allow adsorption of formulation into the
mucosae, and for hamsters undergoing live imaging after oro-gastric dosing with a
capsule. Topical anaesthetic will be given for mice and hamsters to be immunised by
injection (intramuscular, subcutaneous, intra-dermal).

2.  Food fast for hamsters (only) for up to 12 hours prior to being administered oral
capsules so that they are given on an empty stomach for maximising transit to the small
intestine.

3.  Protocol 1: Immunisation of mice or hamsters with vaccines via oro-gastrically
administered capsules (hamsters) or via nasal, tracheal or sublingual routes or a
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combination of these routes (mice) or by injection (intramuscular, subcutaneous or intra-
dermal). Up to 5 immunisations per animal, although typically 2 to 3, and 2 to 3 weeks
apart.

4. Two to 3 weeks after the last dose, at the experimental endpoint, terminal blood
sampling will be conducted under terminal non-recover anaesthetic to extract maximal
blood for testing or animals S1-killed.

5. Protocol 2: Administration of antibiotics in hamsters (only) following immunisation
with vaccines. A single dose orally with a wash-out period of up to 5 days before
challenge with C. difficile.

6. Protocol 2: Single housing of hamsters only after administration of antibiotics and
before challenge (see next point) to allow collection of faeces daily from each animal to
enumerate C. difficile cells.

7.  Protocol 2: Challenge of hamsters (only) with spores or cells of C. difficile by oral
gavage after the antibiotic wash-out, typically day 50. Animals will be regularly
monitored using a clinical scoring system including weighing. Quantitative data will be
obtained on length of time to establishment of infection with humane end point
assessed using the clinical scoring system described in next section.

8.  Protocol 3: Imaging of hamsters (only) to live-track transit of capsules through the
Gl track to identify the optimal capsules for releasing antigens for uptake by host cells
in the ileum. To achieve this, hamsters will be administered a single capsule then after
1 hour or so, they will be anaesthetised and imaged. An hour or so after recovery, they
will be anaesthetised a second time and imaging repeated. This process will be
repeated up to potentially 5 times in total over 24 hours, although typically 3 times
within 8 hours. Upon acquisition of sufficient imaging data, hamsters will be humanely
euthanised.

What are the expected impacts and/or adverse effects for the animals during your
project?

All animals (mice and hamsters) may experience mild discomfort. The majority of animals
would be expected to experience some minor discomfort from administration of
substances and in the case of animals given an oral capsule, an optional 12-hour food
fast before oro-gastric dosing (Protocol 1, 2 and 3.) Dosing oro-gastrically or by injection
requires firm restraint to ensure accurate dosing. For mice dosed intra-nasally, intra-
tracheally or sublingually or hamsters undergoing live imaging, inhalation anaesthetic will
be given, and from previous experience, although recovery is quite rapid, occasionally full
activity is delayed. For animals injected with vaccines, topical anaesthetic will be given
first.

For challenge studies, all hamsters in naive or placebo groups will experience severe
suffering as they will develop CDI. This is required to confirm successful infection.
Clinical symptoms typically include diarrhoea, weight loss, lethargy and dehydration.
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For hamsters that are vaccinated, depending on the efficacy of our vaccines, the
experience will range from mild suffering if the vaccine works well, to severe suffering.
In the latter case, if moderate severity is reached, we must allow this to be prolonged
for 24 hours to allow enough time for vaccinated animals to turn the infection around
and clear it. Moderate suffering for 24 hours equates to severe suffering. Animals will
be humanely euthanised if there is no improvement after 24 hours. All animals will be
monitored closely using a clinical scoring system, and more frequently, typically 3 hours
apart, once clinical symptoms manifest to prevent death from infection. Scores are
based on weight loss, abdominal pain and dehydration and actions are taken
accordingly including administration of analgesia to alleviate pain and provision of water
in a bowl to encourage drinking, mash or oral rehydration solution.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

For Protocol 1: hamster and mouse immunogenicity studies, we expect hamsters and
mice: 100% mild.

For Protocol 2: challenge studies in hamsters only, vaccinated hamsters are likely to
experience a range of clinical outcomes depending on the efficacy of the vaccine, from
mild suffering to severe (if moderate severity persists for up to 24 hours). From our
studies so far, we have seen severe suffering in up to 17% of vaccinated hamsters where
the vaccine failed, and we have seen 25% of vaccinated hamsters totally clearing
infection after reaching mild or moderate severity. With improved targeting (with capsule
vaccines) and with improved iterations of our vaccines, we anticipate a greater
percentage of animals clearing infection and the number of animals suffering reduced.
Naive or placebo hamsters will also experience up to 24 hours of moderate suffering,
equating to severe suffering, as they are all expected to develop CDI. Data are needed
on disease progression over time in the control group for comparison to the vaccinated
group. For Protocol 2, we expect hamsters: 10% mild (highly effective vaccine that works
rapidly); 35% moderate (vaccine clears infection which had manifested moderate severity
symptoms transiently i.e., <24 hours); 55% severe (all non-vaccinated hamsters in the
control group, plus the vaccinated hamsters for which the vaccine failed to turn the
infection around within 24 hours).

For Protocol 3: imaging of hamsters, all are expected to undergo repeat imaging which we
have classified as moderate. Thus we expect:

hamsters: 100% moderate.

Accounting for all 3 protocols in the PPL, the expected severities and the proportion of
animals in each category are:

mice: 100% mild
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hamsters: 46% mild; 31% moderate; 23% severe.
What will happen to animals used in this project?

¢ Killed

A retrospective assessment of these predicted harms will be due by 11 July 2031
The PPL holder will be required to disclose:

¢ \What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

Our vaccines require the generation of specific adaptive immune responses (antigen-
specific secretory IgA in mucosal tracts and systemic IgG). Animals are required in order to
generate humoral immune responses and we will use the most clinically relevant, lowest
vertebrate model i.e., young adult mice and/or hamsters depending on which vaccine is
being tested in immunogenicity studies, and hamsters for protective efficacy testing of C.
difficile-directed vaccines.

For C. difficile vaccines where we plan to conduct challenge studies, we not only need
the production of vaccine-induced antibodies but successful infection with C. difficile with
all the stages of pathogenesis carried out. The gut specificity of C. difficile (in particular,
the requirements for an anaerobic environment and the availability of bile salts for
germination of spores) has meant that suitable non-animal alternatives in which to
induce infection have so far not been identified.

Which non-animal alternatives did you consider for use in this project?

From literature searching guided by
"https://replacinganimalresearch.org.uk/resources/replacement-checklist/" and from
continuous discussions with colleagues in the field working with non-animal alternatives,
we have considered human intestinal organoids and gut-on-a-chip
(doi.org/10.3390/toxins15110643, doi: 10.1038/s41551-023-01156-5,
doi.org/10.1016/j.jcmgh.2017.12.010, doi.org/10.1016/j.jcmgh.2017.12.010). These 3D
models could prove useful in addition to our 2D models, namely Caco-2 cells to assess
blocking of adherence of C. difficile cells when pre-incubated in immune fluid, and Vero
cell cytotoxicity assays to assess toxin neutralisation following pre-incubation of C. difficile
toxins in immune fluid. However animals are required to mount adaptive humoral
(antibody) responses to generate immune fluids in the first place, so it is only the
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assessment of immune fluids obtained post immunogenicity studies that can be further
explored using non-animal alternatives.

Why were they not suitable?

Combining peripheral blood mononuclear cells (PBMCs) and dendritic cells into organoids
gets closer to replicating the whole human immune system but these models still lack
lymphoid organ architecture. So far, it has not been possible to generate any meaningful
humoral responses by additionally incorporating lymphocytes (T and B cells) into these 3D
models, as immune systems of vertebrates comprise too many compartments including
germinal centres, systemic circulation, spleen, mesenteric lymph nodes and so on. We
agree with the conclusion stated at the end of a comprehensive peer-reviewed review; "In
vitro models to study Clostridioides difficile infection: current systems and future advances
in Curr Opin Gastroenterol (2022) (doi: 10.1097/MOG.0000000000000893): "The final
hurdle in the development of in vitro models will likely be the integration of functional
immune systems for vaccine development. In vivo models remain the only viable system
for studies involving adaptive immunity."

A retrospective assessment of replacement will be due by 11 July 2031
The PPL holder will be required to disclose:

+ What, if any, non-animal alternatives were used or explored after the project
started, and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

We have based our calculations on results obtained under the previous PPL which
involved the EDA and guidance from the regional NC3Rs Programme Manager.

For mice, studies will be performed to assess immunogenicity only of our delivery
systems with and without adjuvant, engineered with antigens from diverse pathogens
(Protocol 1). These will require 6 animals for the negative control groups (placebo group)
and 6 animals for each experimental group which equates to 24 animals per study if
testing 4 groups (typical number). We anticipate testing 6 antigens in the first year, thus
144 mice. We will continue testing other antigens and compare number of doses and
different dosing regimens and test for functional antibody responses. We estimate
conducting similar numbers of studies for the next 4 years, thus 720 mice in total.
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For hamster studies testing our C. difficile-directed vaccines, we will use groups of N=6
for all immunogenicity studies (Protocol 1) (240 hamsters over 5 years), N=8 for all
challenge studies (Protocol 2) (240 hamsters over 5 years) and N=8 for capsule tracking
(Protocol 3) (90 hamsters).

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

We sought advice from the Regional Programme Manager to discuss protocols and used
the NC3R's EDA to plan studies and calculate numbers of animals required under my
previous PPL. Based on the data obtained, | consulted a statistician and together we
used "R" to determine the minimum group sizes for statistical power.

For studies testing the efficacy of vaccines given in enteric capsules, the number of
animals will be reduced by conducting Protocol 3 first to determine which capsules are
optimal for targeting the ileum. Previously we found that premature disintegration of the
capsule in the proximal small intestine resulted in release of antigens too early, most of
which likely degraded before reaching the ileum. We would like to test harder HPMC
capsules which are designed to dissolve in the terminal ileum, and we would also like to
test different polymer coats on soft gelatin capsules. The results generated will be
informative for subsequent immunogenicity and challenge studies.

We previously refined Protocol 3 by including an optional 12-hour food fast before dosing
with a capsule which results in more effective intestinal humoral responses. This will allow
reduction in the number of animals due to more effective immunisation.

We will screen our vaccines in ex vivo mouse and hamster models first to assess uptake
by host cells, thus increasing the likelihood of success in vivo, reducing the number of
animals required. Using appropriate controls we will increase the rigour of our studies to
obtain more robust data. These include placebo or naive groups as a negative control to
establish baseline levels of antibodies and assess consistency of data between studies.
Where appropriate, we will include a benchmark control group that will be administered
an injected licenced vaccine, where we are aiming to achieve improvements, or a
vaccine in development, with approval from the relevant Pharma company.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

At the initial vaccine design stage, we will conduct computer modelling of antigens and of
carrier-cargo vaccines to assess structural integrity and ensure exposure of
immunological epitopes. We can then fine-tune the design of our vaccines until predicted
structures look to be optimal and stable.

We will then manufacture these vaccines, have them structurally analysed to confirm
their integrity then test their transcytosis efficiency in ex vivo models that we established
enabling us to select only the best performing ones for preclinical in vivo studies.

A retrospective assessment of reduction will be due by 11 July 2031
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The PPL holder will be required to disclose:

¢ How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

Hamsters and mice will be used which are the lowest vertebrate models established for

infectious diseases we are developing vaccines against. These species generate similar
adaptive immune responses to those observed in humans making them suitable models
for testing responses to our vaccines.

The hamster model is the classic lethality model for C. difficile infection since disease
progression is rapid in these animals i.e., 2-3 days to reach moderate severity.
Vaccinated animals typically show a delay in the onset of infection which peaks at around
day 4. Due to the requirement to maintain them for 24 hours to allow the effect of
vaccination to be assessed, animals will experience severe suffering. Twenty-four hours
is the typical critical window of time for animals to turn round the infection. Animals will
not be allowed to suffer beyond 24 hours and will be humanely euthanised.

For mice being dosed via intra-nasal, intra-tracheal or sublingual routes, general
anaesthetic (AB) may be given beforehand to minimise any discomfort and distress and
allow time for the formulation to fully adsorb into the mucosa. Similarly for hamsters
undergoing live capsule imaging, general anaesthetic (AB) will be given to keep the
animals still and prevent distress from being placed in the confines of the Imager. For
mice and hamsters vaccinated by injection, topical anaesthetic will be given (ABL). For
mice and hamsters undergoing immunogenicity studies, there will be the option at the
experimental endpoint for terminal blood sampling under terminal anaesthesia (AC). For
hamsters given antibiotics or C. difficile spores by oral gavage, flexible gavage needles
will be used and small volumes, typically 100 microlitres. Animals will be closely
monitored after each procedure particularly after infection with C. difficile.

Why can’t you use animals that are less sentient?

It is important to use hamsters and mice as they are the lowest vertebrates known to be
clinically relevant models for mounting immune responses akin to those of humans to
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vaccines against the different infectious diseases in question. They must be in their early
adult stage of life such that they generate maximal humoral (antibody) responses.

The hamster model is the conventional lethality model for C. difficile infection and will be
the model used to test protective efficacy of our vaccines directed against this organism.
The hamster model is also a suitable model for testing enteric capsules (published from
work conducted under the previous PPL).

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

Animals will be handled regularly during their period of acclimatisation and during the
programme of work so that animals are trained to cooperate with procedures, reducing
stress. Good husbandry practices will be deployed to allow species-specific behaviours
including the use of wood shavings or sawdust and plenty of bedding and paper nesting
material for burrowing. Environmental enrichment will be provided such as cardboard
tubes (tunnels) and wooden chew blocks. Autoclaved cages will be used and cage
changes conducted with appropriate frequency to keep cages clean, but with some soiled
bedding retained for animals to maintain their scent in the cage. Animals will typically be
housed in groups of 2 per cage until antibiotic treatment prior to challenge studies, then
singly. This allows us to sample faeces from each animal and track disease progression
individually. Animals will be given free access to drinking water at all times and free access
to food at all times except when being fasted. When being fasted, animals will have
constant access to drinking water.

Frequent clinical checks will be conducted and increased after procedures. Any signs of
pain, suffering and distress will be monitored and advice sought from the NVS and
NACWO whenever necessary. To this end, an established clinical scoring system will be
used to monitor the wellbeing of animals throughout the study and animals humanely
euthanised once they reach the score associated with the humane end point. One way
we are considering monitoring disease progression more robustly is to use temperature
transponders. This practice has been established for the hamster CDI model at another
establishment. The core temperature of each hamster can be monitored remotely, and a
drop in 2 degrees is considered a reliable indicator that the animal is sick. However, when
embedded subcutaneously into the nape, the readout fluctuates and thus does not
consistently or accurately convey core body temperature. Implantation in the abdomen
would give more reliable core body temperature readings. However, the adverse effects
associated with abdominal surgical implantation outweigh the benefits of detecting earlier
symptoms of CDI, thus we are awaiting further developments in their use in another UK
institute. We are aware of similar work going on locally. Once a reliable device is
identified that does not exhibit harms when deployed that outweigh the benefits, we will
apply for an amendment to monitor using this method.

General anaesthetic (AB) will be given for a minimal length of time for hamsters
undergoing live-imaging or mice being immunised via intra-nasal or intra-tracheal routes
or sublingually to prevent distress, as agreed with the NVS, and animals will be allowed
to recover fully before being returned to their cage. Local anaesthetic (ABL) will be given

89|Page



i

Home Office

to hamsters and mice prior to receiving an injected vaccine to numb the site for injection.
There will be the option for terminal blood sampling at the experimental endpoint under
terminal anaesthesia (AC) for animals undergoing immunogenicity testing.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

| will follow PREPARE guidelines for planning all procedural work and follow guidance
published by Morton et al., 2001 (http://pubmed.ncbi.nim.nih.gov/11201285) as well as the
LASA guidelines for administration of substances. | will regularly check the nc3rs website
for current guidance, practical information and to obtain links to publications and online
resources. | will attend seminars given on refinement and discuss refinement with other
scientists at conferences to learn best practices. | will follow the ARRIVE guidelines for
reporting of data eg in research articles and grant applications.

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

| will maintain regular communication with scientists locally and at other institutes who are
conducting similar animal studies to adopt best practice. | will regularly check the NC3Rs
website (www.nc3rs.org.uk) for useful updates and attend seminars on the 3Rs and stay
abreast of literature on the 3Rs especially with relevance to C. difficile studies. | will refine
protocols accordingly under consultation with the NVS and subject to AWERB approval
and submit amendments on my PPL for Home Office approval.

A retrospective assessment of refinement will be due by 11 July 2031
The PPL holder will be required to disclose:

o With the knowledge you have now, could the choice of animals or model(s) used be
improved for future work of this kind? During the project, how did you minimise
harm to the animals?
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8. Controlling Cell Proliferation in Cancer and
Regeneration

Project duration
5 years 0 months
Project purpose

e (a) Basic research
¢ (b) Translational or applied research with one of the following aims:
o (i) Avoidance, prevention, diagnosis or treatment of disease, ill-health or
abnormality, or their effects, in man, animals or plants.
¢ ) Development, manufacture or testing of the quality, effectiveness and safety of
drugs, foodstuffs and feedstuffs or any other substances or products, with one of
the following aims mentioned in paragraph (b).

Key words

Cancer, Regeneration, Myc, Proliferation, Therapy

Animal types Life stages

Mice Embryo and egg, Neonate, Juvenile, Adult,
Pregnant adult, Aged animal

Rats Adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

e Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?
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We investigate genes required for regeneration, but that are expressed uncontrollably in
cancers. Our overarching purpose is to develop therapies that either promote controlled
repair and regeneration or target cancer cells for destruction.

A retrospective assessment of these aims will be due by 8 August 2031
The PPL holder will be required to disclose:

e Is there a plan for this work to continue under another licence?
e Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

Tissue regeneration (healing following injury) is a complex process that involves several
key biological steps. These include detecting injury, creating physical barriers that isolate
the damaged area, allowing cells to re-enter the cell cycle, moving cells to required areas,
removing debris, changing cells from one type to another, and reconstructing tissue. Proto-
oncogenes (normal genes in cells that, when mutated or overexpressed, can become
cancer-causing — ‘oncogenes’), when working properly, are important for regulating tissue
regeneration. They help the body sense signals that promote cell growth and division.
However, if proto-oncogenes are mutated or overactive, they turn into oncogenes. This
change can lead to uncontrolled cell growth and cancer. By studying oncogenes, we aim
to understand their role in both tissue regeneration and cancer. This knowledge could help
us create new treatments to take advantage of the body’s ability to regenerate cells and to
fight cancer.

Regeneration: Significant injury to non-regenerative tissues, such as the heart, can have
life-threatening or disabling consequences. Considerable research efforts are aimed at
regenerating these tissues, with limited progress to date from a clinical perspective.
Therefore, heart disease remains the leading cause of premature death in the UK. This
proposal will pioneer a transformative cardiac regeneration therapy to eventually eradicate
heart failure and its complications, thereby providing the means to impact both the life
span and health span of millions of people globally.

Cancer: Cancer affects millions of people worldwide; it is estimated that one in six deaths
worldwide is due to cancer. Two cancer types, lung and liver, account for more than a
quarter of all cancer deaths. The primary reason for poor survival outcomes is ineffective
early detection, resulting in tumours that are harder to treat and that often display genetic
features that have no known treatments. The enormous clinical burden of cancer in terms
of mortality, morbidity and healthcare resources means it is an urgent priority to develop
novel therapies that could transform their treatment.

What outputs do you think you will see at the end of this project?
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Advances in fundamental knowledge

Our research is centred on understanding how certain biological pathways work during the
regeneration of tissues like the heart, and how these processes can go awry in diseases
like cancer. We use specially designed mouse models that allow us to quickly turn specific
genes or proteins on and off. This helps us understand their roles in normal body functions
like healing and in the development of tumours.

Through this project, we aim to make important advances in understanding why organs,
such as the heart, struggle to heal and regenerate. By studying how adult mammals can
repair their heart tissue, we hope to develop new treatments that promote healing.

Additionally, this project will help us learn more about breaking down proteins in a way that
could lead to better treatments for lung and liver cancers. We will also explore new ways to
deliver biologic materials—like DNA (the code for life), RNA (a copy of DNA) or proteins
(the building blocks of cells)}—into tumours and cardiac tissues, which could enhance our
treatment options.

Identification and verification of potential cardiac-regenerative and anti-tumour therapies

The project aims to discover and confirm new treatments for cancer. We utilise state-of-
the-art therapeutic techniques to create special molecules that can help break down
harmful proteins and block the growth of cancer cells. These approaches will help us
better understand how tumours might shrink and allow us to assess any collateral damage
to normal tissues.

Additionally, the project will explore new ways to treat heart failure. We will investigate
whether a similar method can be used to help other non-regenerative tissues like the
brain.

Production of valuable resources

We will share our findings at scientific conferences and publish them in respected journals,
while also engaging the public in our work. Additionally, we will make our raw data
accessible to everyone for further use.

To conduct our studies, we have created special mice with altered genes that can be
controlled. As we progress with our research, we plan to develop more unique strains of
mice, which will also be available to other scientists. These resources will help others
explore how certain proteins function in regeneration, normal tissue, and cancer.

Who or what will benefit from these outputs, and how?

Cardiovascular disease is the most common cause of death around the world, leading to
more than 18 million deaths every year. A significant number of these deaths—about
85%—are due to heart attacks and strokes. During a heart attack, the heart doesn't get
enough oxygen, leading to the death of heart muscle cells. Unfortunately, these heart cells
in adults don’t have the ability to grow back after injury, which means that when they die,
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the heart can’t repair itself. This loss of heart cells leads to weaker heart function and can
eventually result in heart failure and death.

Currently, if someone has a heart attack, doctors often perform surgeries like artery
bypass grafts to restore blood flow and use medications to manage symptoms. However,
these treatments can't bring back the dead heart cells. Heart failure affects over 64 million
people globally, including more than a million in the UK, causing both significant health
issues and high medical costs. For those with severe heart failure, a heart transplant is the
only effective solution. But the number of available donor hearts is very limited, with only a
few thousand transplants done each year worldwide (around 200 in the UK). This
highlights the urgent need for new methods to help regenerate heart tissue.

This proposal aims to create a groundbreaking therapy that could help restore heart
function, potentially eliminating heart failure and its related complications, which could
greatly improve the quality and length of life for millions.

Cancer affects millions of people worldwide, and it is estimated that one in six deaths
worldwide is due to cancer. Two cancer types, lung and liver, account for more than a
quarter of all cancer deaths. The primary reason for poor survival outcomes is ineffective
early detection, resulting in tumours that are harder to treat and that often display genetic
features that have no known treatments. One such feature is the abnormal levels of the
proto-oncogene called Myc, which appears in over 70% of tumours. Myc is an important
target for developing new cancer drugs. However, after more than 50 years of research,
no traditional small-molecule drugs have been developed to target Myc. Although targeting
Myc is challenging, its presence in many tumour types shows how valuable an effective
treatment could be for many cancer patients. We urgently need to create new treatment
options.

One innovative approach to developing new cancer treatments is called Targeted Protein
Degradation, or TPD for short. This method focuses on making it easier to target certain
cancer proteins that are usually hard to target, like Myc. TPD uses a specific technique
known as PROteolysis Targeting Chimeras, or PROTACs. Essentially, these treatments
work with the body’s natural processes to help remove unwanted proteins that contribute
to cancer. Scientists can either modify existing medications or create new ones to tackle
these tough targets. Recently, advancements in drug discovery, especially with the
introduction of mMRNA and viral therapies, like the ones used in the covid vaccines, have
opened up exciting possibilities for TPD. One particular area gaining attention is biological
PROTACS, or bioPROTACSs, which represent a cutting-edge way to develop treatments.
Biological drugs are drugs derived either from living sources (e.g. cells) or their
components (DNA, RNA, proteins). This new field holds great promise in the fight against
challenging cancers.

This proposal focuses on developing new therapeutic prototypes for testing in animal
cancer models to see if they can effectively stop tumour growth. Importantly, these
investigations will lay the groundwork for further engineered biological molecules. Given
the significant impact of cancer on lives and healthcare resources, there's a strong need
for innovative therapies to improve cancer treatment.
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How will you look to maximise the outputs of this work?

We are committed to sharing our research findings and tools with other scientists, and we
plan to publish all our results (positive or negative) in well-respected scientific journals. Our
work will be valuable not only to us but also to the biotechnology industry and other
researchers looking for new ways to heal damaged tissues and treat cancer.

We also aim to keep an open dialogue with patients and the public to hear their thoughts
on the new treatments we are developing.

Our goal is to attract talented postdoctoral researchers and graduate students, helping
them grow in their scientific careers through the projects we have outlined.

The data we collect will be made available in public databases so that other researchers
can use it. We will share our findings at international scientific conferences and seminars.
We will also explore the best ways to advance our work into practical applications,
protecting our ideas with patents when necessary.

A successful outcome from this research would be a significant advancement in the fields
of regenerative medicine and cancer treatment. In the future, this could lead to new, life-
saving therapies for millions of patients.

Species and numbers of animals expected to be used

e Mice: 5750
e Rats: 130

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

The genome (DNA) of the mouse has been well-characterised and can be easily
manipulated. We have generated switchable DNA modification to allow rapid activation
(and deactivation) of proteins/genes within specific mouse tissues. These models have
enabled us to understand why some non-regenerative cells do not repair organs after
damage and why some organs are cancer prone. The genome for rats has also been
published, making molecular biology studies of rodent species highly practical. These
rodent models represent the most suitable system in which to perform these studies.

We are particularly interested in studying adult human tumours, especially those that
develop in the lungs and liver. To do this, we use special mouse models that grow tumours
in these organs, which are very similar to the tumours found in humans. Regular lab-grown
cells don't give us a complete picture because they can’t replicate the complex
environment and interactions that happen between tumour cells and various non-tumour
cells in the surrounding area of the tumour. Our goal is to find new ways to treat these
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tumours, so it's important for us to understand how tumour cells interact with surrounding
stromal (supporting) cells. Since standard cell models fall short in capturing these
interactions, we will primarily be using adult mice in our research.

One non-regenerative tissue is the heart. Following an injury, the adult human mammalian
heart can lose up to a billion cardiomyocytes (the muscle cells of the heart) within the first
few hours. It is unable to regenerate by replenishing lost cardiomyocytes. We will attempt
to activate regeneration in the adult mammalian heart. The induction of a heart attack
(myocardial infarction, MI) in rodents (mice and rats) is the most commonly used method
for studying ischemic heart disease (where the supply of blood is restricted) in mammals. It
represents the current gold standard for the investigation of mechanisms for heart repair
and regeneration. Cell models in the laboratory do not adequately copy the interactions in
which cardiac regeneration occurs.

Typically, what will be done to an animal used in your project?

Some female mice (genetically altered or not) will be given a drug containing hormones
that cause ovulation of an increased number of oocytes (eggs) than is typically observed
in a natural ovulation. This is called superovulation, and it will involve two injections, 48
hours apart, either into the body cavity (intraperitoneal) or under the skin (subcutaneous).
For the collection of oocytes, the animals will be humanely killed. If embryos are required,
females will be mated first and at the desired developmental time point, humanely killed,
and tissues collected.

Some female mice (genetically altered or not) will be mated with a sterile male to produce
pseudopregnancy (i.e. making the uterus receptive for implantation of embryos) and then
undergo either nonsurgical or surgical embryo transfers. During non-surgical embryo
transfer, embryos will be inserted directly into the uterus with a special device without any
surgical intervention. Non-surgical embryo transfer will be used whenever possible, as it
will cause the least harm. In some cases, surgical transfer may be required, if, for
example, there is persistent low efficiency of non-surgical transfers or if it is desirable to
transfer embryos at very early stages. This will involve a surgical procedure to place the
embryos in the uterus. If surgical transfers are required, the animals will have surgery
under anaesthetic and be provided with post-operative care, including pain relief, to
minimise pain and distress. When the aim is to generate a new mouse colony from frozen
sperm or embryos, live offspring will be born following embryo transfer.

Some male mice that have not been genetically altered will undergo surgery for
vasectomy. They will have surgery under anaesthetic and be provided with post-operative
care, including pain relief, to minimise pain and distress. These males will be used to mate
with females to induce pseudopregnancy (i.e. making the uterus receptive for implantation
of embryos). These males may be kept alive to mate with other females. At the end of
mating, these animals will be humanely killed. Vasectomised males will be singly housed
between matings.

Female and male mice will breed together to maintain a colony of mice containing genes
with mutations for study. They will undergo no procedures other than mating and
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observational handling (e.g. checking health and signs of mating). Before weaning, a small
ear punch tissue biopsy will be taken to ascertain genetic status. Matings will be ongoing
to maintain the colony and timed to generate embryos at a particular developmental time
point. Stud males will be singly housed between timed matings. For ongoing matings,
each female will have up to 6 litters and then will be humanely killed.

After the generation of wild-type or genetically modified animals or the acquisition of mice
and rats from other sources, rodents will be assigned to a protocol.

a) Typically, juvenile genetically altered mice will be administered with a virus or agent.
This will lead to the expression of a gene (e.g. Cyclin T1) specifically in an organ, such
as the heart. In some rare cases, these agents will be injected directly into the heart
tissue, which may require surgical access. Where surgery is necessary, animals will
have surgery under anaesthetic and be provided with post-operative care, including
pain relief, to minimise pain and distress. A non-toxic protein-activating agent may be
administered by injection. This second agent will transiently (for short periods) activate
a switchable protein (e.g. Myc) and should induce the cells to reproduce (proliferate).
During proliferation, we will label newly made cells by injecting or feeding a specific
labelling agent. Organ function will be assessed by non-invasive monitoring (e.g.
ultrasound scan) before and after protein activation, which may require repeated
anaesthesia. Alternatively, organ function will be assessed by a surgically inserted
device that can monitor heart function over an extended time. Food may be withdrawn
for short periods. Blood samples from a superficial blood vessel, such as the tail vein,
may be taken to monitor mice, which may cause mild and transient pain, but this is
expected to be momentary. Mice will be killed humanely at specific time points, usually
in days or weeks.

b) Typically, juvenile genetically altered mice or wild-type mice will be administered with a
virus or agent. This will lead to the expression of a gene (e.g. Cyclin T1) specifically in
the heart. In adulthood, mice will undergo an experimental heart attack by injury of a
coronary artery, which requires surgery to access the heart. In some cases, an agent
that leads to gene expression or activation will be injected directly into the heart tissue.
They will have surgery under anaesthetic and be provided with post-operative care,
including pain relief, to minimise pain and distress. Food may be withdrawn for short
periods. Blood sampling from a superficial blood vessel, such as the tail vein, may be
used to assess biological markers of MIl. Some animals will not be recovered from M
surgery. After recovery from surgery, a non-toxic protein-activating agent will be
administered by injection. This second agent will transiently activate a switchable
protein (e.g. Myc) and should induce proliferation. During proliferation, we will label
newly made cells by injecting or feeding a specific labelling agent. Heart function will be
assessed over a time course, usually 28 to 84 days, by non-invasive monitoring (e.g.
ultrasound scan), which will require repeated anaesthesia. Alternatively, heart function
will be assessed by a surgically inserted device that can monitor over an extended
time. Mice will be killed humanely at specific time points.
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c) Typically, genetically altered mice will be administered with cancer cells grown in the
laboratory. Cells will be injected into mice via either subcutaneous or tail injection (so
that cells enter the bloodstream), leading to the establishment of tumours, which will be
monitored visually or by non-invasive imaging throughout (e.g. optical imaging). The
cancer cells may be genetically engineered to express genes that can be switched on
and off by administration of a gene or protein-activating agent. Alternatively, a cancer
therapeutic will be administered by the most appropriate method. We will label newly
made cells by injecting or feeding a specific labelling agent. Mice will be killed
humanely at specific time points or when their tumours reach a defined size.

d) Typically, genetically altered mice will be administered with a virus or tumour-causing
agent intranasally (into their nose) or by injection (usually intraperitoneal).
Administration of such substances induces tumour development in the lungs, which
may be monitored by non-invasive imaging (e.g. optical imaging) throughout the
experiment. In most cases, a potential drug will be administered or activated following
tumour development by administration of a gene or protein-activating agent or the most
appropriate method. Blood sampling from a superficial blood vessel, such as the talil
vein, may be used to assess biological markers of tumours. We will label newly made
cells by injecting or feeding a specific labelling agent. Mice will be killed humanely at
specific time points or when their tumours reach a defined size.

e) Typically, genetically altered mice will be administered with a virus or tumour-causing
agent by tail vein injection. Administration of such substances induces tumour
development in the liver, which may be monitored by non-invasive imaging (e.g. optical
imaging) throughout the experiment. In some cases, a potential novel drug is
administered or activated following tumour development by administration of a gene or
protein-activating agent or the most appropriate method. Blood sampling from a
superficial blood vessel, such as the tail vein, may be used to assess biological
markers of tumours. We will label newly made cells by injecting or feeding a specific
labelling agent. Mice will be killed humanely at specific time points or when their
tumours reach a defined size.

What are the expected impacts and/or adverse effects for the animals during your
project?

The vast majority of animals on this licence will suffer no or only minimal side effects (such
as the effects of a small ear notch being taken for DNA analysis or the effects from a
needle injection). Any animals that undergo surgery are likely to experience transient post-
operative pain and discomfort, but no significant disturbance of an animal’s normal state.
In addition, some animals will experience short-term moderate pain, suffering or discomfort
from either extensive activation in proliferation in some organs or tumour development
(less than 10 %). If the animals are suffering, they will be given suitable pain relief
treatment, and if this does not alleviate the suffering promptly, they will be killed humanely.
Some procedures may result in the death of a proportion of animals (less than 2 %); death
usually occurs suddenly with only transient suffering.
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Our experimental models are designed to either induce proliferation in normally non-
regenerative tissues such as the heart and brain or drive tumour cell death. We have
developed switchable tissue-specific technologies so that protein expression is localised
and transient, which will cause the least suffering for the shortest period. Nonetheless, the
nature of the experiments will cause inevitable adverse effects, such as transient weight
loss, a hunched posture and inactivity.

One scientific goal is to test and develop new treatments to replace lost cells in the heart
and brain and therefore rely on being able to model the regeneration of the adult human
heart in rodents. A heart attack is a serious condition and frequently leads to death in
patients, so these animal protocols are severe in category, which relates to the levels of
pain, suffering, distress and lasting harm caused. The induction of Ml in rodents is the
most commonly used method for studying ischemic heart disease in mammals and
represents the current gold standard for the investigation of mechanisms for heart repair
and regeneration. Approximately half of rodent deaths occur during the initial surgery to
cause a heart attack when the animal is anaesthetised and so experiences no discomfort.
Most of the rest occur as sudden death at varying periods postoperatively. Heart attack in
humans can result in pressure or tightness in the chest, shortness of breath, sweating,
nausea, vomiting, anxiety, cough, dizziness, fast heart rate and pain, so suffering and pain
in mice cannot be ruled out. In rodents who experience sudden death, loss of
consciousness is likely to be immediate, while death will occur within minutes, so that
suffering is not prolonged. Extensive monitoring will be used to detect signs of imminent
cardiac arrest, in which case animals will be killed humanely. The other potential
complication is heart failure, which may be detected by signs of cyanosis (bluish cast to
the skin), oedema of the extremities (swelling in the feet and ankles) and laboured
breathing, in which case animals will be killed humanely.

One scientific goal is to test and develop new treatments for liver and lung cancers, and
therefore, we rely on being able to model human cancers in rodents. Our experimental
models are designed to induce tumours in the lungs and liver of mice that will cause the
least suffering for the shortest period. Nonetheless, the nature of the experiments will
cause inevitable adverse effects, and mice may suffer transient weight loss and tumour
development (which in the lung may lead to respiratory distress). Extensive monitoring will
be used to detect signs of tumours, and animals will be killed humanely if they display
signs of ill health, such as a hunched posture and inactivity.

The enormous burden and severity of heart attacks and cancer in patients warrant the use
of this category of animal protocols in order to find new treatments.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

Mice Mild 86%
Moderate 10%

99|Page




i

Home Office

Severe 2%
Non-recovery 2%

Rats Mild 10%
Moderate 50%
Severe 5%
Non-recovery 35%

What will happen to animals used in this project?

e Killed
e Used in other projects
o Kept alive at a licensed establishment for non-regulated purposes or possible reuse

A retrospective assessment of these predicted harms will be due by 8 August 2031

The PPL holder will be required to disclose:

e \What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

The heart is a very complicated organ. Many different things, like cells, tissues, and blood,
all work together to make it beat. Scientists cannot copy how the heart works in a lab
because it is so complex.

A heart attack, also known as a myocardial infarction, happens when the flow of blood that
brings oxygen to a part of your heart muscle suddenly becomes blocked. If the flow of
blood is not quickly restored the heart cannot get enough oxygen and the heart muscle will
begin to die.

Following the death of the heart muscle many complex changes occur across extended

timeframes:

e Inflammation: The body sends in "cleanup cells" to remove the dead tissue.

e Building Glue: The body creates an extracellular matrix (a kind of biological glue) to
hold everything together.

e Scarring: This is called fibrosis, where the heart builds a permanent scar to patch the

damage.
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Scientists can grow cells in plastic dishes (called cell culture), but these cells do not act the
same way they do inside a body, and they do not have the same "team" of cells around
them. Therefore, right now, there is no computer or cell culture model that can replace the
need for these animal studies to find new cures. Because of this, we use rodents to study
heart attacks. We have well-established methods to cause an experimental heart attack,
and the hearts respond to damage in a way that is very similar to human hearts.

Therefore, experiments on animals are crucial for learning how the heart functions, how it
responds to damage, and for testing new treatments. Currently, there is not a substitute
that can completely replace the need for these animal studies.

The same applies to cancer. Cancers are complicated, and the way cancer cells interact
with their surrounding environment is crucial for their growth and survival. Studying cancer
cells alone in lab dishes does not provide a complete picture of how they develop and
respond to treatments.

Which non-animal alternatives did you consider for use in this project?
Our animal studies are complemented by cell culture experiments.

We use commercially available and mouse-derived cells grown in lab dishes. We also use
three-dimensional culture methods (organoid models) where possible. The muscle cells of
the heart, the cardiomyocytes, can be generated from rodent or human embryonic stem
cells (cells at very early stages of embryo development), which can be differentiated into
specialised cells. These newly differentiated cardiomyocytes model immature (neonatal)
cardiomyocytes and so can only be used together with animal models. Adult rodent
cardiomyocytes can be purified and survive in culture for a few days.

Our cell culture studies are invaluable for investigating the cell autonomous (where the cell
behaviour is determined by its own internal properties) nature of cell signalling but are
unable to address complex interactions between multiple cell types in the surrounding
environment.

Why were they not suitable?

Embryonic stem cell-derived cardiomyocytes display very immature characteristics, in
which regeneration is apparent. They cannot be used to model the lack of regeneration
seen in adult cardiomyocytes. Purified adult cardiomyocytes do not survive long-term in
culture. Both cell culture models do not adequately model the cellular context and
interactions in which cardiac regeneration occurs.

Cells in culture are kept in conditions that are very different from those in a living animal.
They face changes in oxygen levels, get a lot of glucose, and are often provided with
unclear growth factors like vitamins or hormones. While three-dimensional culture
methods, like organoid cultures, have some benefits, they are limited by the simplistic and
unrepresentative scaffolds (three-dimensional structures designed to support and guide
cell growth) used. These methods also cannot recreate the complex interactions between
different cell types. Additionally, it is impossible to form a functional immune system that
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can respond to healing or cancer growth. Therefore, cell culture systems do not effectively
model the complex interactions during healing or cancer and are not good substitutes as
models.

A retrospective assessment of replacement will be due by 8 August 2031
The PPL holder will be required to disclose:

e What, if any, non-animal alternatives were used or explored after the project started,
and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

Estimation of numbers is informed by an analysis of published work and preliminary
experiments, and with assistance from a statistician. We will use well-validated mouse
models in which we have extensive experience.

In most cases, experimental groups will represent an analysis of gene activation or
inactivation over a time course. For example, groups will be at various timepoints after
administration (or withdrawal) of a gene-activating agent and/or administration of a specific
therapeutic. For surgical animals, controls can include sham surgical animals (animals that
have undergone surgery, but no heart attack induced to estimate heart function after no
damage), genetic controls and vehicle treatment controls.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

The experiments have been designed with a number of points in mind to minimise animal
use and animal suffering.

1) We will use well-validated systems and rodent models in which we have extensive
experience. Variability between experimental groups will be limited by using closely
related rodent strains raised in a managed environment, free from specific diseases,
fed a uniform diet and matched for age and body weight.

2) Our previous studies, and those of our collaborators on mouse models of heart attack
and cancer induction, have already identified the most appropriate techniques required
for consistent results and the time points at which the models provide the most
information.
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3) The use of non-invasive imaging (ultrasound/ magnetic resonance imaging) of heart
function, as well as telemetry (implants for monitoring mouse health), will gather more
data from each animal and gain extra management over variability, reducing the
number of animals required per study.

4) The experimental group sizes will be based on pre-existing data. Importantly, each
animal’s initial measurement can act as its own standard of comparison when
analysing non-invasive imaging, ensuring that the experiments do not need to be
repeated unnecessarily.

5) Animals will be randomly allocated to experimental groups, maintaining comparable
segregation of age, size and gender. All animals will be maintained in the same
environment. The same person will administer experimental agents (or control
substances; medium used to administer experimental agents) and retain a key to
identify recipient rodents. This key will only be available after analysis has been carried
out.

6) Many of our experiments require animals with complex genetic modifications
(genotypes). We will carefully plan breeding strategies to minimise the number of
animals of the incorrect genotype.

7) At every stage, we carefully examine and question our need for animals and have
consequently adopted whatever strategies are possible to reduce their use.

8) We will use published guidelines to aid in the planning, design, analysis and reporting
of all studies (https://norecopa.no/PREPARE and www.arriveguidelines.org).

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

Many genetically altered animals used in this project already exist and will be obtained
from the relevant suppliers or collaborators. Genetically altered mouse colonies will be
maintained as homozygote whenever possible, to minimise the number of unwanted
genotypes. We will keep stocks of frozen sperm and embryos to avoid unnecessary
breeding where a line is not required for several months. Since most of our experimental
animals have complex genotypes, we have carefully planned breeding strategies to
maximise the number of suitable experimental animals and control littermates.

We ensure that our experimental designs incorporate randomisation, blinding, appropriate
sample size calculations, and rigorous statistical analysis methods. Advice will be sought
from an expert statistician. Pilot studies will be conducted to determine the feasibility and
efficacy. All experiments will be documented and reported transparently.

Wherever possible, individual organs will be used for multiple assays (e.g. one organ is
divided into two to generate material for multiple purposes). Where possible (e.g. where
tissues can be used as controls for other experiments), tissues will be shared amongst the
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research group. This will maximise the amount of information that can be acquired from
the minimum number of animals.

A retrospective assessment of reduction will be due by 8 August 2031
The PPL holder will be required to disclose:

e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

The mouse is the ideal animal since it is readily amenable to genetic modification, cancer
induction and models of injury. The genome of the mouse has been well characterised and
can be manipulated by gene targeting. We have generated switchable genetic modification
to allow rapid activation and deactivation of genes within discrete tissues; therefore, these
mouse models represent the most suitable system in which to perform these studies.
Importantly, by using genetically altered mice in which we can precisely time gene
activation or deactivation, we will refine the animal's experience during experiments, as we
are able to precisely interrogate specific genetic pathways in the tissue of interest (heart,
lung, liver) without causing disease in other organs.

We have prior experience with most substances we expect to administer as part of these
protocols, including optimal dosing strategies and information on tolerability and efficacy.
Whenever any new substances are to be used, small-scale pilot experiments adapted
from existing data will be performed to confirm efficacy (using assays and humane
endpoints appropriate to the substance) and identify any adverse effects to minimise any
side effects. Substances will always be administered in a sterile form, where possible,
clinical-grade compounds will be used.

Our models generate tumours with predictable latency and growth, thus allowing
termination of the experiment at an earlier stage when tumours are still relatively small.
The protocols we will use to inject tumour cells are well established and characterised in
the field and our lab. Thus, our tumour models mean that most mice are likely to exhibit
only moderate adverse effects. For monitoring tumour growth/responsiveness to
substances, we will always prioritise non-invasive imaging techniques such as optical
imaging, which have minimal adverse effects.
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The induction of heart attack (myocardial infarction) in rodents is the most commonly used
method for studying ischemic heart disease in mammals and represents the current gold
standard for investigation of mechanisms for heart repair and regeneration. Rodents
represent the lowest level of sentience available to study mammalian heart development
and disease. Rats allow for two cardiac surgical procedures, which are necessary to
assess prototypical regenerative therapeutics at later stages following a heart attack,
which are more analogous to the treatment of human patients with heart failure. Surgical
techniques and post-op recovery standards will be continuously monitored and revised.
Surgical procedures, including preparation, surgery and recovery care, will be performed
in keeping with current best practice guidelines (LASA Guiding Principles for Preparing for
and Undertaking Aseptic Surgery). Peri-operative analgesia will also be used and
maintained for as long as necessary in accordance with our experience in using the
models.

Why can’t you use animals that are less sentient?

Lower vertebrates like zebrafish and newts can regenerate their hearts, so they are not
suitable for studying heart regeneration in adult humans. We need to model adult human
heart regeneration using rodents because their physiology is similar enough to humans to
provide accurate representations of human diseases. Our understanding of rodent
physiology and genetics helps us with this. Cardiac regeneration decreases as mammals
develop, so we need to examine adult rodents, not younger ones or animals that are under
anaesthesia. Terminally anaesthetised animals are useful to assess short-term responses
to tissue damage. However, procedures cannot be solely performed on terminally
anaesthetised animals because regeneration and the effect of the therapy need to be
monitored for some time after injury.

We also aim to model the development and regression of adult human cancers in mice.
Non-mammalian animals are limited in their use because they either do not have the
genetic or tissue complexity associated with lung or liver cancer, or because they do not
share cell or tissue features of human cancers. Mouse physiology closely resembles that
of humans, allowing us to create accurate representations of the disease. This is made
possible by our detailed understanding and comparison of mouse physiology and
genetics. Tumour formation is a complex process that takes several years in humans.
However, in mice, we can speed up and control this process using various genetic
methods, such as turning protein activity on and off. Procedures cannot be solely
performed on terminally anaesthetised animals because the progression of the tumour and
the effect of the therapy need to be monitored for some time after the start of the
experiment.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

We will ensure that the animals are regularly monitored by experienced workers so as not
to exceed pre-determined endpoints that might increase the amount of distress caused.
Once tumours are detected, additional monitoring will be performed.
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Staff will be trained and become experienced in surgery. We will carry out surgeries early
in the day, allowing intensive monitoring in the afternoon and evening. Animals will be
monitored twice daily over the next three days, and every day after that, to ensure we
detect any suffering promptly. Animals will be individually monitored using a clinical health
score table for distress post-myocardial infarction surgery. When an individual score is
reached or if a cumulative score is reached, animals will be killed humanely.

Where tissues are required at very short time points post-myocardial infarction, animals
will not be recovered from deep anaesthetised and so experience no discomfort.

Where injections are necessary, we use the appropriate needle gauge sizes and only use
needles once.

In the early stages of heart failure, animals are characteristically well and move freely.
Deterioration of the heart is accompanied by specific symptoms. Regular observation and
post-surgery scoring of the animals allows these symptoms to be used as humane
endpoints. As with man, some deaths are sudden and presumed to be arrhythmic
(abnormality of the heart's rhythm). When it has been possible to observe these, death
occurs within minutes and loss of consciousness is likely to be rapid so that suffering is not
prolonged. Telemetry systems will be used to assess arrhythmic events.

Anaesthetics will be used for surgery and for restraint post-surgery (to limit pain/harm to
the animal when picked up and restrained post cardiac surgery). Since rodents frequently
do not show signs of pain, we will administer pain relief medication and, where possible,
analgesic pre-emptively or longer if required, without waiting for clear signs. Animals will
be regularly monitored so as not to exceed predetermined endpoints that might increase
the amount of distress caused.

When tracking and analysing how a new therapy moves and distributes inside mice,
myocardial infarction or cancer induction does not always need to be induced, thereby
reducing possible suffering.

The timing of tumour formation in our models is highly reproducible, providing a robust
scientific model essentially free from random accumulation of mutations and allows a
reduction in the number of mice required for statistically significant results. Thus, these
models result in the least harm to the animals.

Mice with tumours will be regularly monitored and tumours allowed to grow to the smallest
possible size to minimise the discomfort of the animal, whilst still being able to collect pre-
clinically valuable information to inform future clinical developments.

Specialised bedding will be used when using hairless mice to reduce the discomfort of the
animal. Where animals may scratch their skin, we will apply clay, creams or lotions to
alleviate discomfort and aid healing.

Flavoured drinks (e.g. Nesquik or sucrose), spreads, or jelly will be used to increase the
palatability of substances (pain medication, gene-activating drugs).
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We will employ non-invasive imaging to acquire detailed scientific information with the
least suffering caused to animals.

Where possible, we will perform two or more procedures under the same anaesthetic.

We will constantly refine the environmental conditions that our animals live in. Animals are
housed according to the best recommendations and enrichment (including nesting
material, tunnels, chew blocks and seeds), and where possible, rodents will not be singly
housed. We will ensure there is habituation and acclimatisation, use of non-aversive
handling (tunnel and cupping), acclimatisation to handling and procedures and optimal
handling and interaction with the animals to maximise their welfare. In addition, post-
surgery enrichment will be supplied.

When mice are obtained from external sources, a minimum acclimatisation period of a
week is used for the mice to settle into their new environment.

All procedures will be continually evaluated, reviewed and refined to minimise and reduce
experimental duration, animal numbers and suffering while maintaining or improving
scientific benefits. To facilitate this, we will have regular meetings within the lab after every
series of experiments, and we will also have similar discussions with our close
collaborators.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

We will refer to the LASA guidance for surgery and aseptic techniques
https://www.lasa.co.uk/current_publications/.

We will use guidelines (PREPARE) prior to initiating any experimental study to aid in the
planning of each stage (https://norecopa.no/PREPARE), and guidelines (ARRIVE) to help
in the design, analysis and reporting of all studies (www.arriveguidelines.org).

We will follow best practice guidelines for experimental models of myocardial infarction
(https://doi.org/10.1152/ajpheart.00335.2017).

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

We will regularly consult websites such as Norecopa (https://norecopa.no/) and NC3Rs
(https://www.nc3rs.org.uk/) and read the NC3Rs e-newsletter. We will take advice from
dedicated technicians within the animal units. We have regular reviews of
protocols/experimental design with advice from the Named Veterinary Surgeon and
Named Animal Care and Welfare Officer. Additionally, we will receive communication from
Named Information Officers.

A retrospective assessment of refinement will be due by 8 August 2031

The PPL holder will be required to disclose:
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¢ With the knowledge you have now, could the choice of animals or model(s) used to
be improved for future work of this kind? During the project, how did you minimise
harm to the animals?
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9. Training in Murine Polio Intraspinal Inoculations

Project duration
5 years 0 months
Project purpose
e (f) Higher education and training
Key words

Training, Polio, Vaccine, Batch release, Research and development

Animal types Life stages

Mice Adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment

This may include reasons from previous versions of this licence.

e Education and training licence

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

The aim of this work plan is to help new and existing staff develop and maintain the skills
needed to consistently carry out the transgenic mouse neurovirulence assay.

A retrospective assessment of these aims will be due by 4 August 2031
The PPL holder will be required to disclose:

¢ |s there a plan for this work to continue under another licence?
¢ Did the project achieve its aims and if not, why not?
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Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

Skills gained and maintained as a direct result of the procedures applied in this project
will be utilised in the successful conduct of definitive transgenic mouse neurovirulence
tests. The most immediate benefit of the proposed training programme will be that it will
be possible to retain a pool of appropriately qualified and competent practitioners able to
perform the Transgenic mouse neurovirulence test (TgmNVT) in-house.

The benefits arising are:

1. Implementation and use of the TgmNVT test will continue to significantly reduce
the use of non-human primates for batch-release testing of monovalent poliovirus
vaccine bulks worldwide.

2.  The TgmNVT test is included in the European Pharmacopoeia (EP) and multiple
vaccine manufacturers have taken up the test in Europe and worldwide. We are the
only National Control Laboratory (NCL) adequately qualified and competent to complete
the test or comment on its execution, and if we were unable to provide this it would
severely compromise the public acceptability of the test within Europe and Worldwide.

3. The WHO will continue to have access to a suitably qualified reference
laboratory to which matters of global health significance relating to neurovirulence
of poliomyelitis vaccines can be referred.

4. The parameters detected by the TgmNVT compared to other possible assays will be
better established giving greater confidence in its reliability and meaning for product
safety.

5. New strains to be used for live-attenuated oral polio vaccine (OPV) and inactivated
polio vaccine (IPV) production will be evaluated early in their development giving some
confidence in their safety and likely protective efficacy before their use in human subjects.

6. Ability to oversee training programs and advise new manufacturers, national control
laboratories, and contract research organizations (CROs) globally in the testing
procedures which is imperative to the quality control of new vaccine production and
testing of clinical trial materials from new vaccine trials.

Failure to obtain this licence application would compromise the ability to train new staff or
retrain existing staff if there is a break in their execution of the test of sufficient duration,
leading to loss of skill. With inability to perform the test, in the medium to long term (3-10
years), this would significantly affect the ability to effectively control the release of OPVs. It
will also halt the development of new improved vaccine seeds for OPV/IPV production.

How will course attendees use their knowledge or skills in their future careers?
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Staff completing this training will then move on to performing work under the main testing
licence that covers the intraspinal inoculations required for the WHO TgmNVT. This is a
very unique skill and requires a high level of dexterity. Being able to perform these
procedures means that they can perform quality control testing for polio vaccines and also
be involved in testing new vaccine candidates for the polio eradication initiative.

What are the principal learning outcomes from the course?

The objective is to inoculate the dye into the grey matter of the spinal cord, the positioning
of the inoculation was established through thorough research and collaborative study to
establish the WHO test procedure. The needle should be inserted between the spinous
processes of the last thoracic and the first lumbar vertebrae at an angle approximately 70°
to the long axis of the spine and advanced into the spinal cord. Histological analysis of the
position of the ink in spinal sections is then undertaken to confirm successful inoculation.
This training stage is considered complete when the inoculator reaches>90% success rate
in three consecutive tests of at least 30 animals each.

How are these learning outcomes important to the people on the course?
Progression to the next stage cannot occur until this step is completed.

Who or what will benefit from the transfer of knowledge, or acquisition of skills that
this course will deliver?

1. The World Health Organization uses designated laboratories to provide training in this
test globally.

2. New manufacturers requiring safety testing for new vaccines in development.

3. Clinical trial programmes using this test to assess material from the trials. The results
provide data on how successful the trials are and can inform new vaccine
development. New novel vaccine strains are being developed for all three polio
serotypes, clinical trials for these are currently on-going and they are set to run for a
least the next 5 years.

How will you look to maximise the outputs of this work?

We have several projects which provide training for the TgmNVT to organisations of
which there are only under 5 worldwide, that require it for testing vaccine safety. This
collaboration provides the chance to discuss any issues and achievements in the testing
and encourages consistency in the test methodology, while gives us the opportunity to
discuss refinements and animal welfare. This licence is also used as the basis to provide
training to other laboratories wishing to implement this testing, as part of our role as
WHO regulatory laboratory. This provides an opportunity to share updated knowledge
about the test with external trainees. Examples of external dissemination include results
from final testing, which are directly dependent on the training supported by this licence,

1M1|Page




i

Home Office

being presented at scientific meetings, published in open-access journals, and made
available as resources to other researchers (e.g., data, animals, tissues).

Species and numbers of animals expected to be used

e Mice: 4000

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

We use mice, some of which are genetically altered. Transgenic mice with the human polio
virus receptor are used in the main testing licence. Surplus of genetically altered mice from
this main testing licence can also be used for this project. For training with the ink
inoculations mice are not required to be used within a certain age range although only
adults are used, both males and females can be utilised depending on availability.

Typically, what will be done to an animal used in your project?
1. Surgical exposure of the injection site under non-recovery general anaesthesia.

2. Intraspinal injection of substances (inert pigment) under non-recovery general
anaesthesia.

3. The animals will be humanely killed using an approved method.

The duration of the whole procedure per mouse is typically less than 15 minutes. We strive
for continual improvement to animal housing, husbandry and handling aimed at minimising
stress in animals and encouraging natural behaviours. Our husbandry practices align with
the Code of Practice for the Housing and Care of Animals Used for Scientific Purposes.
Additionally, we follow best practices for handling mice, such as tunnel handling and the
3Hs (Housing, Handling and Habituation).

Experience with previously trained inoculators indicates that training speed will vary.
Therefore, inoculators will be monitored throughout this important phase of the training,
with particular attention in the initial sessions in order to quickly identify trainees who will
have difficulty developing the necessary skill: inoculation results will be assessed after
each training session. As long as an inoculator is making steady progress towards the
target success rate of 90%, training will continue. Progress is measured by observing ink
positioned in the correct location in the spine by anatomical analysis. If progress is poor a
full review of the training schedule and results will be initiated, and the trainee may be
withdrawn from the programme. Any such review of poor progress will ideally be done
early in the programme (typically after about 6 sessions).
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As the role of the co-inoculator is simpler, progress is expected to be more rapid though
would still normally require on average 3 sessions over 2-3 months, and “loss” of skill less
likely. However, progress will still be monitored in the same way as for the inoculator.

What are the expected impacts and/or adverse effects for the animals during your
project?

The procedure is 100% non-recovery so any adverse effects would be related to
anaesthesia only and minimised by following best practice and veterinary advice. Any
animals showing any deviation from the norm that is not immediately rectified by
adjustment of anaesthesia level will be killed.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

Expected severity is 100% non-recovery. Only mice are used is this procedure.
What will happen to animals used in this project?

¢ Killed

A retrospective assessment of these predicted harms will be due by 4 August 2031
The PPL holder will be required to disclose:

¢ \What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

The initial training in identifying the anatomical landmarks can be carried out by looking at
pictures and diagrammes and watching experienced operators and videos. The initial
training will be done on cadavers by making the skin incision. Practicing on cadavers
initially also gives an opportunity to understand how to hold the syringe, and the mouse in
very specific ways. Also, to gauge the position of the syringe in relation to the co-inoculator
- ensuring they can see the increments and depress the plunger properly. It takes some
practice initially to understand how best to position your fingers on the syringe.

The aim is to train the prospective operator(s) to develop the required manual skills to
make the inoculation into the correct region of the spinal cord, i.e. into the grey matter.
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Correct inoculation has been shown to correlate well with two reactions in the test
animals: First, a twitch in one or both of the hind limbs as the needle reaches the grey
matter of the spinal cord. Second, as the inoculation is made, a distinct tremor/spasm is
produced in one or both of the hind-limbs. To observe these reactions cadavers cannot be
used, live anaesthetised mice are required to be used. Reviews of resources ( e.g.,
Norecopa, NC3Rs, Interniche, and NAT database) for alternatives to this training have
been researched but no alternative will be able to provide the level of training required for
this precise surgical procedure.

There is a WHO collaborative study underway which is being undertaken by scientists at
the MHRA to replace the animal models for OPV control testing with next generation
sequencing (NGS) molecular testing. This project has produced very promising results
and will help to significantly reduce the amount of animal tests required. The NGS test is
still in the approval/early stages of development therefore neurovirulence testing is still
required to be undertaken. All new methods will be adopted with accordance to the WHO
Technical Report Series (TRS) document guidance requirements.

Why can’t your aim be met by observing or by participating in ongoing research or
clinical procedures?

The purpose of this project is to train new staff in a manual procedure that cannot be
learnt through observation alone. Participation in ongoing procedures is not an option as
the operator(s) need to reach a certain level of skill before taking part in such work. There
is a required training scheme set out in the WHO standard operating procedure for the
neurovirulence test; therefore, this needs to be followed to comply with the WHO
recommended procedure and cannot be achieved by participation in routine testing alone.

A retrospective assessment of replacement will be due by 4 August 2031
The PPL holder will be required to disclose:

e What, if any, non-animal alternatives were used or explored after the project
started, and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

There are a number of assumptions that can be made which aid in setting totals for the 5
year life of the licence:

» Given the nature of changes to currently trained operators, it is reasonable to

114|Page




i

Home Office

assume the need to train up to 1 new operator per year over 5 years (to maintain
the aim of having 4 fully trained operators). These operators will train in both
inoculator and co-inoculator roles. From previous experience, up to 500 mice will
be needed to train for the inoculator role. (2500 mice for 5 years).

» Required annual proficiency testing will involve a minimum of 40 mice per trained
operator per year. (800 mice for 5 years).

¢ The trained operators may require up to 2 additional ink sessions annually to
retain/regain proficiency if competency is lost. Each session would require a
minimum of 40 mice each. We could anticipate that 2 operators may lose
competency per year, therefore requiring 400 mice over 5 years. With current
testing levels this option would probably not be required. However, testing
frequencies may change during the life of the licence, making this contingency
option necessary.

+ A conservative estimate for 5 years based on these assumptions suggests 4000
mice in total will be required (with a reasonable margin of error factored in).

The number of animals used per training test is set out in the WHO standard operating
procedure, but if there is a requirement to set up any new training procedures then
structured planning tools will be used e.g. NC3Rs experimental design assistant.

What in silico or ex vivo techniques will you use during training?

Some aspects of initial training such as identifying the anatomical landmarks and making
the skin incision can be carried out by looking at pictures and videos or using cadavers.
New methods such as virtual reality trainings are being considered to augment the training
process.

Will these techniques reduce animal numbers? If so, how?

The trainers will make sure the trainee is aware of the requirements of the procedures and
is as knowledgeable as possible about the requirements prior to performing the procedure.
This awareness should reduce the numbers required to be used once performing the
manual training themselves.

What other measures will you use to minimise the number of animals you plan to
use in your project ?

The process is repeated until a satisfactory percentage positive score is reached. This
has taken on average around 500 mice under the previous training licence. In contrast the
training previously carried out required around 1000 mice for each trainee because of
irregular intervals in training associated with the need to liaise with another site. Training
therefore reduces the total number of animals used. The number of animals used per
training test is set out in the WHO standard operating procedure, but if there is a
requirement to set up any new training procedures then structured planning tools will be
used e.g. NC3Rs experimental design assistant.
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Having full control of the training process means that potential trainees can be selected
based on genuine experience of proficiency in Regulated Procedures and can be
monitored closely and constantly by experienced operators to determine genuine rate of
progress. Training can be planned carefully to maximise success in a reasonable time
frame. Unnecessary repetition of aspects of training can be avoided.

We also use surplus animals from other PPLs.
A retrospective assessment of reduction will be due by 4 August 2031
The PPL holder will be required to disclose:

e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

We use mice, some of which are genetically altered to express the poliovirus receptor.
Below are the methods we will use:

1. Surgical exposure of the injection site under non-recovery general anaesthesia.

2. Intraspinal injection of substances (inert pigment) under non-recovery general
anaesthesia.

3. The animals will be humanely killed using an approved method.

The duration of the whole procedure per mouse is typically less than 15 minutes. We
strive for continual improvement to animal housing, husbandry and handling aimed at
minimising stress in animals and encouraging natural behaviours. Our husbandry
practices align with the Code of Practice for the Housing and Care of Animals Used for
Scientific Purposes. Additionally, we follow best practices for handling mice, such as
tunnel handling and the 3Hs (Housing, Handling and Habituation).

This is a 100% non-recovery severity procedure so that opportunities for further
refinement are limited to good induction and maintenance of general anaesthesia. A pedal
reflex check is conducted on animals to confirm appropriate depth of anaesthesia prior to
conducting procedures. Ongoing visual monitoring of anaesthesia is conducted up to the
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point the animal is killed. It is not necessary for animals to recover from the anaesthesia
and they are killed immediately following the inoculation. The vertebral column and spinal
cord are then dissected out to allow for precise assessment of the accuracy of inoculation
by viewing the distribution pattern of the dye.

Why can’t you use animals that are less sentient?

The main reason for using mice in this training PPL is to prepare for the use of genetically
altered mice in the polio studies. These transgenic mice are necessary because they are
the main animal model (apart from hon-human primates) that are susceptible to
poliovirus. Our experience, supported through discussion with other organisations
performing this test, strongly indicates that it is not possible to observe these required
reactions on non-sentient (freshly-killed) animals. In order to elicit the reactions, it is
essential that the animals are alive and correctly anaesthetised, but it is not necessary for
animals to recover from the anaesthesia - they are killed immediately following the
inoculation. This is a 100% non-recovery severity procedure so that opportunities for
further refinement are limited to good induction and maintenance of general anaesthesia.
A pedal reflex check is conducted on animals to confirm appropriate depth of anaesthesia
prior to conducting procedures. Ongoing visual monitoring of anaesthesia is conducted up
to the point the animal is killed. The vertebral column and spinal cord are then dissected
out to allow assessment of the accuracy of inoculation.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

This is a 100% non-recovery severity procedure so that opportunities for further
refinement are limited to good induction and maintenance of general anaesthesia. A pedal
reflex check is conducted on animals to confirm appropriate depth of anaesthesia prior to
conducting procedures. Ongoing visual monitoring of anaesthesia is conducted up to the
point the animal is killed. However, the programme of training and competency is
maintained to ensure that the full number of animals under the full protocol is kept to a
minimum. In the absence of this training, more animals would be used as tests might fail
and need repeating due to suboptimal inoculation. Suffering could also escalate for a test
because staff competency would not be as high. Annual competency assessment is
completed by each inoculator to achieve the highest possible level of competency in the
inoculation procedure.

In addition, we will ensure that the animals will be familiarised with the environment and
staff before the tests, and procedures will not be carried out in front of other animals to
reduce stress.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

As this training licence is aimed at preparing for the main licence, we carry out the surgical
procedures aseptically and to the same high standards. Therefore, and although there is
no post-op care, we follow the general LASA guidance: Guiding Principles for Preparing
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for and Undertaking Aseptic Surgery. Training protocols were optimised under WHO
supervision through experience in different laboratories and discussions in training
workshops. The following guidance documents are also consulted:

+ Smith AJ, Clutton RE, Lilley E, Hansen KEA, Brattelid T. PREPARE:
guidelines for planning animal research and testing. Laboratory Animals.
2017;52(2):135-141. doi:10.1177/0023677217724823

¢ https://norecopa.no/prepare

+« Home office Guidance — Notes for project applications

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

Staff attend conferences on these subjects and are continually researching new methods.
The applicant’s expert knowledge in this area and he himself keeping abreast of any new
developments. Annual meetings are organised for this forum where presentations are
given on the 3Rs and how they have been implemented. The NC3Rs website is also
regularly checked for information.

A retrospective assessment of refinement will be due by 4 August 2031

The PPL holder will be required to disclose:

+ With the knowledge you have now, could the choice of animals or model(s) used be
improved for future work of this kind? During the project, how did you minimise harm
to the animals?
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10. Characterisation of normal Haematopoietic Stem
and Progenitor cell function to understand and target
mechanisms of haematological malignancy initiation,
maintenance and relapse

Project duration
5 years 0 months
Project purpose

e (a) Basic research
e (b) Translational or applied research with one of the following aims:
o (i) Avoidance, prevention, diagnosis or treatment of disease, ill-health or
abnormality, or their effects, in man, animals or plants.
Key words

Blood cancers, Normal blood stem cells, Evolution and maintenance, Therapy, Resistance

Animal types Life stages

Mice Embryo and egg, Neonate, Juvenile, Adult,
Pregnant adult, Aged animal

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

e Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

The overall aim of the licence is to identify how normal blood stem and progenitor function
is corrupted, leading to the development and maintenance of blood cancers, and their
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relapse following therapy and how these longitudinal processes might be therapeutically
targeted.

A retrospective assessment of these aims will be due by 23 September 2031
The PPL holder will be required to disclose:

e Is there a plan for this work to continue under another licence?
e Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

The Blood system is one of the most important systems in our bodies and is critically
required for our continued survival. Our blood system performs a number of critical
functions that keep us alive; the circulation, with blood as its carrier provides nutrients,
soluble proteins and necessary cells to other parts of the body, it carries oxygen to tissues
for respiration, energy production and biochemical purposes and also generates the cells
of the innate and adaptive immune systems that help us fight infections and fight cancer.
The blood system also makes the cell components, platelets, that form blood clots and
prevent us from life-threatening bleeding. When Blood formation does not function
properly, it generates serious illnesses; both malignant (cancer) and non-malignant (not
relating to cancer). These can include life-threatening blood cancers like the acute
leukaemias and malignant lymphomas that will be studied in this work. Blood cancers
account for about 10% of all cancer diagnoses and are more common with age and
collectively affect approximately 57 people per 100,000 of the population. As the world’s
population ages, this number will increase, making it a larger healthand societal problem.
Unfortunately, current treatments still aren’t very effective and are often verytoxic, and
most patients have a poor quality of life and often die from these diseases or have
significant side-effects if they do survive. A lack of understanding of how these cancers
start and progress has hampered our recent progress. We propose to address this
knowledge gap, by uncovering the causes of these cancers, which will, in turn, allow us to
discover better, safer and kinder treatments. We also want to prevent these cancers from
happening in the first place. In the past, prevention wasn’t possible because people often
got sick suddenly, without warning signs. However, recent research, including our own,
has shown that it's now possible to identify people at high risk of developing these cancers
years before they become unwell. This gives us a chance to find ways to stop the disease
before it starts.

These cancers begin in blood stem cells, the single cell type that generates all of the
mature blood cell types that carry oxygen, fight infection and cause the blood to clot. Blood
stem cells are responsible for producing all the blood and immune cells we need
throughout our lives. Over time, these stem cells can become damaged and as part of this
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damage can develop mutations (alterations in their genetic material). Most of the time,
these mutations don’t change how the cells work and are often lost through cell death.
However, sometimes, the mutations provide the stem cells with an advantage, allowing
them to grow faster and outnumber normal cells. This condition is called clonal
haematopoiesis (CH). CH becomes more common as people age, affecting over 30% of
people aged 70 and older. While most people with CH won’t develop cancer, they do have
a higher risk. We are interested in how these mutations provide an advantage and believe
that this knowledge can inform the diagnosis of blood cancer earlier, can provide early
interventions to prevent the progression of leukaemias and can inform the treatment of
leukaemias and lymphomas at diagnosis.

Apart from mutations, other factors can affect how blood stem cells behave. Normal
ageing/exposure processes or lifestyle “challenges” such as ageing, infections,
inflammation, diet, alcohol, smoking, exercise, sleep and even the microorganisms that
colonise our bodies all potentially play a role, and for some mutations, age has a
particularly strong effect. These mutations may seem harmless in younger people, but they
can lead to cancer in older people. However, we don’t yet understand how these factors
interact with the mutations to cause cancer. One of the aims of this project is to study
these interactions. By learning more about what triggers the growth of mutant stem cells,
we hope to find ways to stop the process and prevent cancer.

Patients with Blood Cancers are often initially sensitive to the treatments that we give them
however, in the majority, the cancer comes back. This “relapse” is usually accompanied by
the cancer cells being resistant to the therapy that was previously given and often to other
therapeutic options also. Unfortunately, our understanding of how resistance forms and
how to target this is very poor. Our project will specifically identify such mechanisms of
resistance and will find ways to target these mechanisms to treat patients better after they
relapse and, more importantly, to improve initial treatments to prevent resistance
development and relapse in the first place.

What outputs do you think you will see at the end of this project?

This project aims to understand what goes wrong to allow blood cancers to occur and
progress. This knowledge will allow ourselves and other researchers to identify processes
that might be targeted with drugs and/or lifestyle changes to:

1) Prevent blood cancers from developing or progressing to more aggressive forms.

2) To more effectively treat blood cancers if they do develop.

3) To effectively treat blood cancers if they re-occur, which is common and usually fatal.
Moreover, knowledge from the project will identify those patients along this pathway of
blood cancer development who will most benefit from treatments and/or preventative
strategies. This will be facilitated through dissemination of our findings to the scientific

community (e.g. attending and presenting on national and international conferences, press
releases, publication of manuscripts on scientific journals etc.) and bench-to-beside
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activities (e.g. patent applications, clinical trials and collaboration with pharmaceuticals
etc.).

Who or what will benefit from these outputs, and how?

Our work has a direct clinical benefit. The people most likely to benefit early from our
findings will be doctors, scientists, and pharmaceutical companies, where we will help
them with new ways to detect, prevent and treat blood cancers.

The group that we most want to help, and quickly, are patients. To speed up this process,
we will further work with other scientists, medical doctors and biomedical companies
outside of this project to turn our findings to identify new treatments and to improve current
ones into standard-of-care therapies. We have a track record in this area with some of our
previous findings from similar previous projects having identified new drugs and new
combinations to treat patients with blood cancers.

Our longer-term aims will be to identify ways to prevent blood cancers from developing
and/or to slow their progression, to also improve patients’ outcomes. We also aim to
understand the process whereby blood cancers become resistant to therapies and recur.
Achieving these aims will mean that patients can live longer and have a better quality of
life, which will also help their families and lessen the impact of these blood cancers on the
NHS. Overall, preventing and improving treatment for these cancers will be good for our
society in many ways.

The final group to benefit from the outputs of our work will be the general public. We are
passionate about sharing our work and its implications with the general public and feel that
their buy-in will greatly improve and broaden its impact. Our group ethos also perfectly
aligns with the public engagement goals of our institution.

How will you look to maximise the outputs of this work?

To maximise the outputs of our project we will share our findings with a number of
stakeholders; with other scientists and doctors by publishing our results in high-impact
scientific journals and by presenting them at scientific conferences and meetings, locally,
nationally and internationally; with patients, their relatives and the general public through
presentations, blogs and social media directed at these groups; with the pharmaceutical
industry via a number of existing contacts; and with policy makers and health care
providers, such as the NHS, as appropriate. The datasets that we generate from this
project will be stored securely within our group and institution and following publication will
be able to be accessed by other researchers around the world via data repositories such
as GEO, the European Nucleotide Archive (ENA) at EMBL-EBI and PRIDE, dependent on
the type of data. Finally and importantly, we will make use of public repositories such as
bioRxiv to communicate our results before peer review in scientific journals or to
communicate ‘negative results’ (e.g. when therapeutic approaches were less successful
than anticipated).

Any new animal models that we create, and the cells collected from these mice are likely
to be helpful for other scientists studying blood cancers or potentially other cancers. We
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will freely share our mice and other research tools with non-commercial organisations after
our findings are published, through material transfer agreements conducted via our
University. For collaborative studies, we will also allow other scientists to use our models
before publication.

Species and numbers of animals expected to be used

e Mice: 24000

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

Mice are widely used for biomedical research due to their close biological similarity to
humans. This is particularly evident within the blood forming system and mouse models
have been used for decades to study the formation, evolution and treatment of various
blood cancers. Furthermore, they are easy to breed and keep in a laboratory environment.
Advances in technology have also allowed us to easily and accurately stably modify the
DNA of mice to efficiently generate mouse models useful to study disease states such as
the blood cancers that are our main research interest. Our mouse models carry changes in
their genetic material (mutations) copying or resembling the changes in genetic material of
patients with blood cancers and thus serve as useful models to study how blood cancers
occur and progress and for the development of therapies to treat blood cancers.

Our work will require neonates, juveniles and pregnant adults, as well as adults and aged
adults which are essential in order to achieve our scientific goals. The incidence of blood
cancers increases with patient age and its role in blood cancer development will also be
analysed within the project. In many aspects, the ageing of mice also closely resembles
the ageing of humans and therefore, mice are an extremely useful resource to understand
human ageing. The life-span of a mouse averages around 2 years, as opposed to that of a
human (70-80 years), which allows us to complete the project goals within a reasonable
time-frame. Equally, we will use young adult mice as a comparator and reference for
results obtained with aged mice.

Our work is focussed on the blood system and will benefit from a well-established specific
range of methods that are already established and accepted for use within the mouse. For
example, blood cells can be easily analysed and separated by flow cytometry, a method
where various proteins on the surface of the cell are specifically tagged. This labelling can
be subsequently used to identify and separate out the cell for further analysis.

Typically, what will be done to an animal used in your project?

Most of the methods and procedures needed for this project are well-established in blood
cancer research and within our group. We have successfully used them in the past to
study different mouse models of pre-malignant states, leukaemia and lymphoma.
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In practice, we will breed mice to produce offspring with specific genetic alterations. For
the wellbeing of the animal, we normally engineer these alterations under our control, so
that a mouse will need a specific “switch” involving a single or repeated injection of a
substance that will turn the genetic alteration on or off. To activate these genetic changes,
we sometimes use a procedure that involves one or more intraperitoneal ((i. p.), into the
peritoneal cavity) injections of a substance to turn the genetic alteration on or off. In some
of these experiments, mice may live up to 125 weeks after genetic activation, to assess
the role of the ageing process, an independent risk factor in blood cancer formation.
During this time, we will collect blood from the mice from tail vein or saphenous veins
(located in the legs) at various intervals to monitor how the number and types of blood
cells change, as a marker of disease progression in mice carrying one or several genetic
alterations. If a large volume of blood is to be analysed, we will harvest this via terminal
cardiac puncture. This is a bleeding method whereby blood is collected directly from the
heart, a terminal procedure that is conducted under deep anaesthesia, and the animal will
then be humanely killed. Similarly, terminal anaesthesia may be used to perfuse the
animal with a fixative solution to preserve its organs for further analysis.

To investigate how factors that mimic the real-life human exposures implicated in the
initiation and progression of blood cancers, such as infections, inflammation, diet, ageing-
related changes, toxins, and other external or internal influences, alter the incidence of
leukaemias and lymphomas, we will treat some experimental mice with substances that
mimic acute infection (for example, one dose of intraperitoneal injection of poly(l:C),
chronic infection ((i.e., multiple doses of intraperitoneal injection of poly(l:C) or bacterial
cell elements such as LPS)), low-grade inflammation (high-fat diet or other unhealthy
diets) or substances that cause abnormal activation or inactivation of proteins that are
associated with blood cancers, or substances that mimic ageing related factors. These
treatments may last up to 12 weeks and are expected to cause long-lasting changes in
stem and progenitor cell properties. However, the extent of these changes may be subtle,
and similar to those observed in humans exposed to these factors repeatedly during their
lifetime. We will also study the effect of anti-inflammatory treatments with various
substances to modify the behaviour of the altered blood cells or their environment. The
treatment may involve single or multiple administrations of a substance through different
delivery routes (e.g. in food, drinking water, via oral gavage or subcutaneous or
intraperitoneal injection). The frequency and volume of these treatments are not expected
to cause long-term harm to the animals. Additionally, to mimic other life-style differences,
mice may undergo behavioural modifications, such as changes to their light-dark cycle, a
modified diet, or exercise equipment such as treadmills, rotarods and grip meters, to
indirectly influence blood cell activity.

Transplantation will be performed only once in a mouse's lifetime. Transplantation involves
injecting donor cells into recipient mice either via a non-invasive route, such as tail vein
injection, or into the marrow cavity of a bone like the femur under anaesthesia). Before
receiving a donor cell transplant from another mouse, some recipient mice will undergo
irradiation or treatment with a chemotherapeutic agent to weaken or remove their own
blood system, so the host bone marrow cells do not compete with the donor cells for
space, allowing donor cells to efficiently engraft (settle and regrow the blood system within
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the host bone marrow) and produce blood and immune cells. Depending on the amount of
irradiation, mice may experience post-irradiation illness, but we are very experienced in
this procedure and our advanced care plan will effectively manage this condition. When
relevant, human blood cells may be transplanted into mice to confirm findings from mouse
studies and/or test therapies on human cells. The transplanted cells may also be pre-
manipulated in vitro (outside the body, usually in a petri-dish used in laboratories) to
enhance or hinder their potential to generate leukaemia in mice. Occasionally, cells may
also be further manipulated to emit light (bioluminescence), enabling imaging of cell
growth within the body and to repeatedly measure tumour growth accurately without killing
the mice. Upon injection of an imaging substance into the mice, this light can be captured
from living mice placed in an imaging system. To ensure stress-free restraint during
imaging, mice will undergo shortterm anaesthesia and are expected to recover without
long-term harm.

Anti-leukaemic treatments may be administered to prevent or slow down growth, or to
eliminate leukaemic cells altogether. These treatments may involve repetitive handling of
mice for brief moments to administer the substance by oral gavage or by injection. The
frequency and volume of these treatments are not expected to harm the animals long-
term.

As blood cancer-linked mutations are sometimes found to develop before birth, to
understand how they affect the blood system in early life, sometimes we may inject
manipulated cells (such as embryonic stem cells edited in a petri dish) into early-stage
embryos to study how the manipulated cells affect early-stage blood system formation.

At the end of experiments, mice will be humanely killed. After euthanasia, we will collect
many different organs (e.g. bone marrow, spleen, liver, lymph nodes, thymus) to analyse
multiple parameters such as the proportions of different cell types, gene expression and
protein expression.

What are the expected impacts and/or adverse effects for the animals during your
project?

Highly trained personnel in the animal facility and our research team will perform regular
health monitoring for all mice to ensure their optimal welfare. With our extensive
experience in studying mouse models of blood cancers, we understand the potential
adverse effects of our experimental designs and can enhance care for mice at increased
risk of ill-health. Any mice showing signs of illhealth or significantly reduced activity will be
humanely killed within 24 hours depending on severity and the type of the clinical signs. In
addition, when visible signs of compromised well-being (such as piloerection characterised
by the body fur standing on end, prolonged hunching, inappetence, reduced activity for
more than 2 hours) are observed, enhanced monitoring and support will be implemented,
according to the detailed care plans included in this license.

During our project we will use different procedures and experimental setups that are
expected to have varying levels of impact on animal well-being as listed below, with the
major expected impacts and/or adverse effects given.
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1. Breeding of Genetically Altered Mice:

Breeding genetically altered mice is not expected to cause harmful effects. Most genetic
changes used in our project will manifest in adult animals used for experiments, after the
“switching on” of genetic manipulations, therefore the majority of breeding animals will not
experience adverse effects from changes in their blood system.

2. Induction Treatments:

To activate genetic alterations, substances will be injected into mice up to seven times,
either daily or every other day. Mild weight loss of up to 15% may occur due to the
biological effects of the injected substances and/or routes of administration. WWhen
tamoxifen is administered via injection under the skin, abdominal swelling and scrotal
swelling may be seen. These adverse effects will subside once the induction period ends
and will not have long-term effects on the mice.

3. Blood and Bone Marrow collection:

Blood samples will be collected from a superficial vessel such as the tail or saphenous
vein up to 20 times during a mouse's lifetime. Sample volume will not exceed 10% of total
blood volume in 24 hours, or 15% of total blood volume in any 28-day period. This process
may cause short-term discomfort and stress but is not expected to have long-term effects
on the animal. In a limited number of cases, we will take bone marrow by sampling from
cavity of a thigh bone. This route of sampling causes more pain and distress to the mice,
so it will be conducted under anaesthesia and only when it is absolutely required (this
technique is more efficient and requires a smaller number of cells injected). To ameliorate
the pain 1) trained personnel only will perform the procedure, using aseptic techniques to
minimise the duration and any trauma; 2) mice will be monitored for pain or distress (e.g.,
reduced movement, changes in grooming, hunched posture) after the procedure and
provided with enriched food, water and an improved physical environment; 3) all mice
sampled will receive analgesia (i.e. pain relief medication).

4. Blood Cancer Development:

In most of the cases, genetic alterations causing the cancer will be activated in mice only
upon a specific treatment. As the timing of the activation is under our control, we are able
to predict when the disease should begin and will perform enhanced monitoring with
tailored intervention to minimise adverse effects occurring early.

Some mice will develop full blown blood cancer and/or develop gradual changes in blood
cell numbers, which may lead to an enlarged spleen or liver. Occasionally, other tumours
may appear. Signs of tumour growth, such as a swollen abdomen or lumps under the skin,
and advanced disease symptoms like a hunched posture, raised hair, and reduced activity,
will be closely watched for and will be humane endpoints.

5. Blood Cell Transplantation:
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Blood cells will be transplanted into some mice (the animals receiving haematopoietic cells
will hereafter be referred to as ‘recipient mice’), usually via the tail vein. This procedure
may cause temporary discomfort and stress but is not expected to have long-term
negative effects. In specific cases, abnormal blood cells may be injected into the cavity of
a thigh bone (intra-osseus injection) to improve transplantation outcomes or modify
experimental results. This route of injection causes more pain and distress to the mice, so
it will be conducted under anaesthesia and only when it is absolutely required (this
technique is more efficient and requires a smaller number of cells injected). To ameliorate
the pain 1) trained personnel only will perform the procedure, using aseptic techniques to
minimise the duration and any trauma; 2) mice will be monitored for pain or distress (e.g.,
reduced movement, changes in grooming, hunched posture) after the procedure and
provided with enriched food, water and an improved physical environment; 3) recipient
mice will receive pain relief medication (analgesia).

In some recipient mice receiving leukaemic cells, the cells may infiltrate (get into) the area
around the nerves coming out of the spine. As these nerves are responsible for movement
of the back legs, this can initially cause weakness (also known as paresis) and this
sometimes can progress to full paralysis. Based on previous experience, this clinical sign
may occur in some recipient mice between approximately 3 to 6 weeks post
transplantation (this can vary slightly between different leukaemic cells). This symptom can
be distinguished from a generalised reduction in their ability to move around; specifically,
the front legs are unaffected, but both back legs are weak. These signs will represent the
humane endpoints, and the mice will be culled when the humane endpoint is observed.

In such experiments where recipient animals receive leukaemic cells, to minimise the
possibility of paralysis, drug treatment will be applied as early as the cells have engrafted
(thus mimicking the human situation where patients are treated immediately post-
diagnosis), so that the effects of new therapies can be observed prior to paralysis
development. To reduce animal suffering, from the third week after transplantation we will
include additional monitoring from the third week to catch any early sign as this is the
period when animals would be more susceptible to this happening. In addition, in case this
occurs, and animals cannot rear up to eat/drink, we will include floor food/wet mash/diet
gel on the cage floor from week 3, so animals are not starved/dehydrated before they are
found unwell, and the humane endpoint is applied.

Some recipient animals will demonstrate blood cancer-associated adverse effects such as
discomfort, reduced mobility and decreased activity, that when combined with the
administration of tumoricidal agents have the potential to cause lethargy and weight loss
exceeding 20% (compared to a reference weight before cancer). Weight loss exceeding
20% will be our humane endpoint. Fatigue and severe weight loss is often seen in blood
cancer patients before and during treatment for cancer. In order to monitor these effects
and apply our humane endpoints we will employ rigorous monitoring and weighting
schedules as well as provide mashed food (and or enriched diet) in order to ameliorate
some of these symptoms.

6. Preconditioning for Transplantation:
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Mice may undergo irradiation or other methods before transplantation. Irradiation is a
standard method to prepare mice before transplantation. Following irradiation, the mice
suffer from post-irradiation illness, where decreased food and water intake are main
adverse effects and may lead to weight drop. The severity depends on the dose; low
doses may result in mild weight loss (below 10%) and unchanged activity, with mice
recovering within 7-10 days whereas high doses can cause more pronounced illness and
weight loss of up to 15%. Recovery is also expected within 7-10 days. Partial body
irradiation may require 20-30 minutes of anaesthesia but will not have long-term adverse
effects.

Occasionally, mice may be pre-conditioned for transplant via the use of chemotherapy.
This causes less damage to the bone marrow stromal cells (support cells that the blood
cancer uses to help it survive and that can be important for drug resistance).

Mice will be weighed before irradiation/chemo and every other day to detect weight drop
as a sign of ill-health post transplantation. Weighing of mice will continue until the weights
are stabilised. To prevent the post-irradiation illness and weight drop, mice may be given
enriched diet (mashed food, and/or Dietgel) that may continue for at least 5 days post-
irradiation. If weight loss exceeds the anticipated limit, mice will be provided with an
enriched diet until their weight become stable.

Preconditioning by either method will be performed only once in a mouse's lifetime.

7. Surgeries:

Surgeries such as splenectomy or thymectomy (i.e., removal of the spleen or thymus, a
method sometime used in clinic to alleviate the symptoms of leukaemia patients or to
prevent the development of T-cell leukaemia, where the genetic alterations also
predispose to this), will be performed under anaesthesia in germ-free conditions to prevent
infection. Post-surgery, mice will be kept warm until fully recovered. Pain relief will be
administered, and mice are expected to be fully active within two hours after surgery. Any
signs of prolonged inactivity or pain will be humane endpoints.

8. Imaging:

Mice may undergo non-invasive imaging sessions lasting up to 45 minutes, with a
maximum of nine sessions. Each session involves anaesthesia, and mice are expected to
recover without long-term effects.

9. Anti- or Pro-Disease Treatments:

Treatments for up to 16 weeks to alter blood cancer progression will involve substances
with known moderate adverse effects, such as reduced activity, decreased feeding, and
weight loss of up to 15%, which may persist throughout the treatment period.

10.Physiological Treatments:
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Physiological treatments, such as high-fat or nutrient-deficient diets, exercise,
inflammation, infections, changes in gut bacteria, and light-dark cycle disruption, may
result in mild changes in activity and weight, up to 10% of pre-treatment weight. These
treatments will last up to 12 weeks.

11.Ageing related processes:

Ageing as a physiological process may cause mild effects like reduced activity, weight
changes, hair loss or blindness. Aged mice will benefit from enhanced care and will be
euthanised if they show signs of suffering. In rare cases, older mice may develop cancers
or experience faster disease progression.

We will mimic ageing-related conditions through multiple approaches, including inducing
mild inflammation, infection, disturbed dark-light cycle or dietary changes. These
treatments may lead to weight drop as an adverse effect. The weights of mice will be
checked at least twice weekly. To counteract the weight loss, mice will receive enriched
diet before and throughout the treatment period to maintain their food intake.

All work will be conducted according to the principles set out in the Guidelines for the
Welfare and Use of Animals in Cancer Research.

12.A very small number of animals (<1% in total) of mice will show swelling around the
hocks. Any animals experiencing swelling around their hocks may be given an altered
enrichment, pain relief and/or anti-inflammatories in consultation with the Named
Animal Care and Welfare Officer (NACWO) (i.e. the person who oversees the day-to-
day care and welfare of animals used in our research) and/or the Named Veterinary
Surgeon (NVS) (i.e. the vet responsible for animal health and welfare in our research
facilities). On rare occasions (<3%) NSG mice (a mouse strain with a particularly
weakened immune system) might display a somewhat hunched posture, that may get
progressively worse with age (>5 months of age). When in isolation (i.e. without being
accompanied by signs such as hampered movement, dehydration, weight loss (>10%
from baseline i.e. a reference weight established and recorded before any regulated
procedure takes place and/or before any clinical signs are expected)), or lethargy), this
may not necessarily be an indication of illness/compromised welfare, but a naturally
occurring phenotype due to the genetic background of this mouse strain (i.e. a natural
and well recorded genetic predisposition of these mouse strains towards developing
skeletal issues). On these occasions, advise will be sought by the NACWO/NVS, to
exclude any other clinical symptoms.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

We expect a mild severity (or less) in ~80% of mice, a moderate severity in ~15% of mice
and a severe level of severity in ~5% of mice.
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What will happen to animals used in this project?

e Killed
e Used in other projects
e Kept alive at a licensed establishment for non-regulated purposes or possible reuse

A retrospective assessment of these predicted harms will be due by 23 September
2031

The PPL holder will be required to disclose:

e \What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

Human and mouse blood production processes and ageing are physiologically very
similar, allowing us to use findings from mouse studies to understand human biology and
validate research. The regulation of the blood system, especially the control of blood stem
cells and their descendants, is not fully understood. Recreating the complex interactions
between blood cells and their regulatory factors, some of which are provided by other cells
in the bone marrow environment (the so-called microenvironment) and that are abnormal
in blood cancers, is challenging in a laboratory setting. Therefore, studying these
processes in a living organism like mice provides a complete framework necessary for
understanding both normal and diseased blood systems.

Technological advancements have made it possible to create mouse models with the
same mutations found in patients with blood cancers. The mouse blood system is well-
studied and provides a valuable resource for researching the development and function of
normal and mutated blood cells. Differences between normal and diseased cells can be
subtle, and animal studies can offer more precise testing conditions.

Mouse studies have a proven track record in advancing both basic and translational
cancer research. Our work is increasingly focused on developing treatments, and it is
crucial to test potential therapies in living animal models, before determining their
suitability for humans.

Which non-animal alternatives did you consider for use in this project?

In our project, we use a variety of methods to answer different questions. To answer our
scientific objectives, we always utilise available data within the public domain, make
extensive use of cell lines and perform non-regulated laboratory studies in the test tube on

130|Page




i

Home Office

human and animal tissue that will minimise work in living animal models. Most of our work
is done in vitro (outside the body, in a laboratory Petri dish or similar) where we grow
immortalised cells (cells that do not die) as established cell lines. Sometimes we have
used the cells from our mouse models to generate such cell lines and these can in some
way replace experiments that we perform in mice. With a collaborator, we have recently
established mesenspheres, three-dimensional systems that include co-cultures of both
blood cells (abnormal or normal) and cells derived from the bone marrow
microenvironment (supporting cells that nurture blood cell formation). These better mimic
the situation in animals by providing some of the external support signals that we wish to
study.

Human samples from both healthy individuals and patients are crucial for our project. The
Project License Holder is the clinical lead and ethics holder for a Biobank of normal and
malignant blood samples. This arrangement allows our institute to obtain fresh and
archived samples of human bone marrow, blood and blood-supporting cells from both
patients with similar blood cancers as well as normal individuals and individuals with pre-
malignant disorders. These samples are used for cultures (growing cells in petri dishes)
and other experimental analyses and can be used for transplantation experiments.

Using computer-based tools (bioinformatics) we analyse newly generated data as well as
existing datasets and datasets published by other researchers to interpret already
published data from animal, human and cell line studies. This helps us better and more
efficiently answer our research questions and identify new directions for our studies. For
example, these bioinformatic analyses will help to identify how mutant cells are likely to
behave and what they are sensitive to therapeutically. These analyses can help to work
out molecular mechanisms of how pre-malignant and malignant cells differ and can help
predict conditions and treatments that might change their properties from growth to death.
Throughout our research careers, this approach has proven to be an efficient way to gain
knowledge, define areas for further study and to help answer some of the critical research
questions without extensive animal experiments being performed.

Why were they not suitable?

Due to the limited understanding of how the blood system is regulated in both mice and
humans, it's not possible to fully recreate the natural conditions for culturing blood cells "in
a dish." Once bone marrow or blood cells are removed from the body, they quickly lose
their natural properties, making it difficult to study their biology accurately. Culture systems
provide a simplified and artificial environment, allowing only specific questions to be
studied without the full context.

In addition, the activity of drugs and the duration of their activity differ in a culture dish
compared to their activity in an animal body. Therefore, studies in living animals enable
scientists to draw conclusions that are more physiologically relevant. Therefore, findings
from cultured cells must always be validated in living animals to confirm their significance.

A retrospective assessment of replacement will be due by 23 September 2031
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The PPL holder will be required to disclose:

e What, if any, non-animal alternatives were used or explored after the project started,
and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

We are committed to minimising the number of animals that we use in our research. To
ensure this, our strategy starts with careful planning of each experiment. We rely on our
experience from previous licences, results from previous experiments and from predictive
statistical tools (such as power calculations where significant differences between
comparative groups are required) to answer our research questions. It is important to
strike the right balance. Using too few animals can waste resources just as much as using
too many, for example where under-powered experiments need to be repeated.

In our project, more than half of the animals will be used for breeding to generate mice
with the specific genetic alterations required for our experiments. Some of our studies
require animals to have two to four genetic changes, which can involve multiple breeding
steps and result in a higher number of breeding animals. To make this process as efficient
as possible, we optimise breeding strategies to obtain offspring that carry the required
genetic profiles, which means that the least surplus mice will be generated. We also
ensure only healthy mice are used for breeding to avoid producing animals unsuitable for
experiments.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

Study Planning:

e We use the PREPARE (Planning Research and Experimental Procedures on
Animals: Recommendations for Excellence) guidelines to carefully design studies
and ensure quality.

e Adetailed protocol is written for each experiment, including a clear description and
the number of animals needed per group.

e We optimise experimental planning to ensure that repeat procedures are avoided,
by collecting multiple types of data, and multiple tissues from a single procedure or

sample.
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o We perform well-designed pilot studies, to refine methods and determine the
minimum required intervention, reducing unnecessary animal use and harm.

e If needed, we consult with expert statisticians to refine our plans.

Collaboration and Transparency:

e Plans are shared with the animal facility staff for smooth execution and to seek their
input.

e Results will be published in open-access journals, following ARRIVE guidelines.

e Negative results may also be published to prevent others from unnecessarily
repeating the same work.

Data Sharing:

e Genetic and sequencing data will be stored in the European Nucleotide Archive
(ENA), making it accessible to researchers worldwide.

Reducing Animal Numbers:

e We use advanced methods like single-cell technologies (which allow the study of
individual cells in detail rather than examining a group of cells collectively (through
bulk analysis)) and bioinformatics (computational data analysis) to obtain more
insights from the use of fewer animals.

e Cells from one animal are used for multiple experiments whenever possible.

By adopting these strategies and seeking professional advice when required, we aim to
minimise animal use while ensuring high-quality research.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

Optimal use of Existing Resources:

Whenever possible, we will obtain mice with the desired genetic changes from other
researchers or facilities instead of creating new ones. This helps reduce the total number
of mice required. However, if suitable models are unavailable and a specific variation or
genetic background is essential, we will create new models using efficient techniques.

Efficient Breeding Strategies:
We frequently require mice with a combination of two or up to four genetic modifications.

To generate mice with complex genetic profiles, we employ carefully planned breeding
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strategies to maximise the number of offspring with the desired genetic combinations.
Whenever feasible, we use homozygous mice (with two identical genes) for mutations,
provided these animals are healthy and fertile, to further streamline breeding.

Cryopreservation Benefits:

We regularly review mouse colonies to maintain only necessary lines. Mice without the
required combinations of genetic alterations will be killed as surplus, as soon as they are
genotyped. To avoid continuous breeding, lines not expected to be used for at least a year
will be cryopreserved (frozen).

e Freezing reproductive material (sperm or embryos) safeguards against facility-wide
risks, such as disease outbreaks, and reduces ongoing breeding needs.

e Best practices, including cryoprotective additives, are applied to improve recovery
rates, even for historically challenging strains. This approach minimises the number
of female mice required.

e Cryopreservation also preserves valuable mouse lines for future use in case of
emergencies.

Collaborating and Data Sharing:

We will share our mouse lines and surplus mice with other researchers to prevent
duplication of effort and reduce the need for additional breeding. Additionally, we will
publish all results, including negative findings where appropriate, to avoid unnecessary
repetition of experiments.

Using Relevant Controls to Minimise Variability:

To reduce the number of animals required for reliable results, we prioritise using littermates
(siblings without genetic modifications) as the most appropriate controls. These controls
share genetic material and environmental conditions with test animals, thereby minimising
variability. For certain studies, we will use standard mice (e.g. C57BL/6) sourced from
specialised facilities to ensure consistency, while avoiding unnecessary in-house breeding.

Use of Randomisation and Blinding:

To give confidence in results and reduce the likelihood of having to repeat studies, we will
use randomisation and blinding. For example, in interventional studies, we will randomise
animals to treatment vs placebo and keep operators (animal facility technicians and our
own group technician) blinded wherever possible.

Maximising Data Output Per Mouse:

e Whenever possible, we will collect multiple types of data from the same
experimental animal to maximise the information obtained, while minimising inter-
animal variability and total animal use.
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e We will also review existing literature and collaborate with other researchers to
refine experimental designs and avoid redundant studies prospectively.

Leveraging Advanced Animal Technology:

e Bioluminescence imaging (BLI): The main method previously used to assess
tumour growth kinetics was white blood cell count. Adopting bioluminescence as a
method of assessing tumour growth will allow this to be performed with greater
accuracy, reliability and efficiency. As the development of disease can be
investigated over time with BLI, the use of imaging methods will also allow a
reduction of numbers of mice required. We will genetically alter tumours to express
the luciferase gene, which is capable of emitting light when excited by the
administration of an intra-peritoneal injection given to the mouse, prior to
transplantation. The light emitted is therefore directly proportional to the number of
cells that contain luciferase and to the tumour size. The greater accuracy and
reliability with which we can assess therapeutics and other alterations that validate
potential therapeutic targets has also allowed us to reduce the number of mice
required.

e We will also review existing literature and collaborate with other researchers to
refine experimental designs and avoid redundant studies prospectively.

Leveraging Advanced Analytical Technology:

We will stay informed about new high-throughput and single-cell technologies that
enhance data collection from specific and rare-cell populations, thus reducing the number
of animals required. These cutting-edge tools allow for high-quality, comprehensive
datasets from rare cell populations, improving the efficiency and impact of our research.

Studies of the Age-related Process:

Given the higher prevalence of blood cancers in older populations, our studies on ageing
aim to understand how ageing-related factors influence blood systems and the initiation
and development of blood cancers. We will optimise the use of aged mice by collecting
various types of samples and sharing unused tissues through initiatives looking at ageing.

Balancing Efficiency and Scientific Rigor:

e While minimising animal numbers, we will ensure that sufficient mice are used to
produce reliable and reproducible results.

e Long-term studies, such as those focussing on ageing may require additional
animals to account for natural variability over time.

By following these strategies, we will conduct high-quality research while minimising the
use of animals and adhering to ethical standards.
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A retrospective assessment of reduction will be due by 23 September 2031
The PPL holder will be required to disclose:

e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

In this project, we will use mice with specific genetic changes (mutations) to study why
certain blood cancers develop and progress. These cancers occur when blood cells grow
excessively without the normal control mechanisms.

There are a number of gene mutations linked to this group of cancers, and we have
already created and studied several mouse models that carry these mutations. We have
extensive experience working with these models, allowing us to carry out experiments
effectively while minimising unnecessary harm to the animals.

In most mouse strains, the mutation in the mice is inactive, unless activated with specific
treatments, meaning the mice remain healthy. Following activation, however, alterations in
their blood system occur. Since we control when the mutation/mutations are turned on,
and we know the effects that combinations of these mutations will have, we can accurately
predict when the disease will start and take early steps to reduce any harmful effects. Most
of the mutations we study cause slow-progressing diseases, which helps us further limit
the impact on the animals' well-being.

Finally, much of our research uses material collected from mice after they are humanely
killed, meaning the majority of our work does not involve causing suffering to the animals.

Why can’t you use animals that are less sentient?

As detailed below, the unique biological complexity and genetic tools provided by mice are
essential for achieving our study's objectives. Alternatives, such as frogs, fish, flies and
worms lack the physiological relevance required for accurate and reproducible results.

1. Biological Relevance of the Model
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The chosen species must match the biological characteristics required to answer the
research question. For example:

e Mice are genetically similar to humans and have a well-characterized genome,
making them indispensable for studying human diseases.

e Less sentient organisms, such as frogs, fish, flies and worms do not share the
physiological, genetic or cellular similarities needed for translational research.

e For complex processes like immune response, neurobiology or cancer
development, mice are the minimum viable model that accurately replicates
human-like systems.

e Our lab is interested in blood cancers that typically present with a long latency and
a discrete phase of pre-malignancy (i.e. the period between normal and cancerous
state). This necessitates the use of adult, and invariably, aged mice to evaluate and
dissect the biology of disease and any potential therapeutic interventions. This also
precludes the utility of terminally anaesthetised animals for our work.

2. Availability of Genetic Tools
e Advanced genetic tools (e.g., transgenic and knockout technologies) have been
pioneered and refined in mice, that are generally unavailable in less sentient
species. These tools allow researchers to modify specific genes in a highly

regulated manner and study their role in disease development and progression.

e Such precise genetic manipulation is critical for studying specific pathways and
cannot be replaced by less sentient animals.

3. Physiological Complexity

e Certain studies require a vertebrate model to replicate complex organ systems,
such as the cardiovascular, nervous or immune systems.

e Less sentient organisms often lack the necessary anatomical and physiological
features to model these processes accurately. For example, flies and worms lack an
adaptive immune system or the complexity of mammalian neurophysiology.

4. Ethical Considerations and the 3Rs

e The use of sentient animals is a last resort when less sentient organisms cannot
yield reliable or relevant results.
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e Replacement with alternative methods (e.g., computer simulations, cell cultures) or
less sentient species is considered first, but they often fail to replicate the in vivo
(inside the body) dynamics necessary for the research.

e By focussing on sentient animals only when required, we adhere to the 3Rs
principle of ethical research.

5. Regulatory and Translational Requirements

¢ In many cases, regulatory agencies require testing on mammalian models to
approve new therapies, drugs, or vaccines.

e Data derived from less sentient species are often insufficient for preclinical
evaluation due to significant biological differences.

6. Advancing Human and Animal Health

e Studies conducted in mice often have a direct translational impact, contributing to
the development of treatments for both humans and animals.

e Using an inappropriate model could lead to inconclusive or invalid results, delaying
scientific progress and necessitating the use of more animals overall.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

In this project, we will perform different types of experimental procedures. We refine
procedures to minimise harms to animals. The highly trained staff at the animal facility
offer significant practical assistance and general advice for refining protocols and post-
procedure checks. These include:

1. Use of Anaesthesia and Analgesia

All surgical or invasive procedures will be conducted under appropriate anaesthesia to
eliminate pain during the procedure. Post-operative analgesics will be administered to
minimise discomfort.

2. Use of Non-Invasive and Minimally Invasive Techniques

o Whenever possible, we will use non-invasive technologies such as imaging to
monitor biological processes.

e Blood, tissue, or other sample collection will be minimised by calculating the

required volume and using advanced analytical methods to obtain data from smaller
samples.
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3. Improved Animal Handling

Animals will be allowed to get used to handling and the research environment to
reduce stress during procedures.

Techniques such as tunnel handling (instead of tail handling for rodents) will be
used to reduce stress levels in animals, particularly in aged animals.

4. Housing and Environmental Enrichment

Housing conditions will meet or exceed regulatory standards, with stable
temperature, humidity, light cycles, and noise control. To satisfy the natural social
instinct of mice, animals will be housed in compatible groups to reduce stress and
isolation, unless welfare issues arise (e.g. individual housing due to aggressive
behaviour). promote natural behaviours and reduce stress.

Animals will be provided with enrichment such as nesting material, shelters and
social housing to promote natural behaviours and reduce stress.

5. Skilled Personnel and Continuous Training

All procedures will be conducted efficiently by skilled and well-trained personnel, ensuring
they are completed in the shortest time possible to minimise stress and discomfort for the
animals. Regular training and updates on best practices for animal care will be conducted.

6. Monitoring and Intervention

Animals will be closely monitored for any signs of pain, distress or illness. If such
signs are observed, intervention protocols, including administering additional
analgesia or implementing humane endpoints, will be promptly applied.

The well-being of ageing animals will be carefully monitored through regular checks
of their condition. Standard checks will include observations of their activity, skin
and fur condition, teeth, posture and weight. The observations will be cross-
checked with previous reports to detect any signs of deterioration. When
deterioration is observed, appropriate countermeasures will be taken, which may
include supportive diet, additional cage enrichment or specific treatments (e.g.
medicaments applied to the skin) upon consultation with the Named Veterinary
Surgeon and Named Animal Care and Welfare Officer.

Detailed welfare scoring systems will be used to objectively assess animal well-
being and adjust care or procedures as needed for the studies.
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¢ Any animals experiencing swelling around their hocks may be given an altered
enrichment, pain relief and/or anti-inflammatories in consultation with the NACWO
and/or NVS.

7. Humane Endpoints

Humane endpoints will be clearly defined and strictly adhered to, ensuring unnecessary
suffering is avoided. Animals will be humanely killed if predetermined welfare thresholds
are met.

8. Refined Experimental Techniques and colony management

e Employing single-cell or high-throughput technologies will reduce the number of
animals required while maximizing data output.

e Micro-sampling and refined surgical tools will be employed to reduce procedural
invasiveness and recovery time. Ear notching not only provide a method for animal
identification but is also used for determine their genetic profiles, all of this
information is stored in a well-designed webbased system to enable easy access
and efficient management of mouse colonies.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

https://www.nc3rs.org.uk is our reference for best practice in animal research. Various
aspects of working with animals such as handling, anaesthesia, analgesia, blood
sampling, euthanasia and welfare assessment are covered there under the specific
section as in the link:

https://www.nc3rs.org.uk/topic-specific-resources-0

Equally, we will refer to http://www.lasa.co.uk/ where under the tab “Current Publications”,
we can find "Guiding Principles" for different aspects of working with animals. Particularly
rich information can be found there regarding the principles for aseptic surgery:

http://lasa.co.uk/PDF/LASA_Guiding_Principles_Aseptic_Surgery 2010.2.pdf

To determine the number of animals matching our experimental needs, we will follow the
assessment framework available from the Home Office under the link:

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment
data/file/773553/GAA_Framework Oct_18.pdf

For best practice, all experiments will be planned in agreement with PREPARE guidelines
(https://norecopa.no/prepare) and we will follow the ARRIVE guidelines
(https://norecopa.no/3rguide/arrive-guidelines) to report our animal research.
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All PIL holders working under this PPL will be strongly encouraged to thoroughly study and
implement these resources in their experiments.

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

We stay updated with advancements in the 3Rs (Replacement, Reduction, and
Refinement) by regularly reviewing newsletters provided by our establishment’s Named
Information Officer. We will check the NC3Rs website (https://nc3rs.org.uk/) for updates
and follow publications on the LASA forum (https://www.lasa.co.uk/current_publications/).
Additionally, we use the establishment's 3Rs Search Tool to explore relevant resources.

All team members are encouraged to familiarise themselves with these materials. Any
important updates related to the care and welfare of our mice will be shared during lab
meetings, in mouse activity-focussed meetings or via email lists. We strive to set a good
example for our colleagues and maintain a close working relationship with the animal
facility staff to ensure the best possible care for the animals under our supervision.

A retrospective assessment of refinement will be due by 23 September 2031
The PPL holder will be required to disclose:

e With the knowledge you have now, could the choice of animals or model(s) used be
improved for future work of this kind? During the project, how did you minimise
harm to the animals?
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11. Development of novel PET and SPECT imaging
biomarkers

Project duration

5 years 0 months

Project purpose

e (a) Basic research

¢ (c) Development, manufacture or testing of the quality, effectiveness and safety of
drugs, foodstuffs and feedstuffs or any other substances or products, with one of
the following aims mentioned in paragraph (b)

Key words

PET imaging, SPECT imaging, Radiotracer, Drug development, Diagnosis

Animal types Life stages
Mice Neonate, Juvenile, Adult, Aged animal
Rats Neonate, Juvenile, Adult, Aged animal

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

e Contains severe procedures.

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

This project aims to discover new tools for scanning patients that will allow doctors to
better understand diseases and to better treat their patients. These new tools are based
on a highly specialised scanning techniques called positron emission tomography or PET,
and single photon emission computed tomography or SPECT.
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A retrospective assessment of these aims will be due by 16 September 2031
The PPL holder will be required to disclose:

e |s there a plan for this work to continue under another licence?
e Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

PET and SPECT imaging techniques allow for the study of different processes happening
inside the human body by injecting a small amount of a substance into patients. That
substance is called a radiotracer and after injection it travels in the patients' blood stream,
reaches the target inside the body and emits a signal that can be detected outside the
patients' body using a very sensitive camera.

The discovery of new PET and SPECT radiotracers is worthwhile because there is a
clinical need to better understand what causes animal and human diseases. New PET and
SPECT radiotracers can also be used to detect and measure the amount of medicine that
reaches the targeted area of the body. As a result, PET and SPECT imaging with
radiotracers are often used as “imaging biomarkers”, i.e. techniques that can provide a
measurable marker of biological processes in a living organism. Given that an intact body
environment is complex and minimally accessible, imaging techniques such as PET and
SPECT, that do not disturb the organism under investigation, are essential to increase our
knowledge of how a given organ or system is affected in disease and how medicines act
on it. Additionally, PET and SPECT imaging biomarkers could help governing bodies to
issue guidelines on patient care and to decide on the utility of new medicines based on the
imaging results. Finally, PET and SPECT imaging allows for detection of changes in the
normal body earlier than other methods of diagnosis. Detecting disease early will have
direct benefits on patients’ health and life quality. It will also shorten patient’s disability and
recovery periods by reducing the need for invasive procedures and long rehabilitation
processes. This will result in a reduction of the cost of disease management in the
healthcare system and the whole society because patients can return to their everyday live
quicker.

What outputs do you think you will see at the end of this project?

At the end of this project, we will have new information on in vivo performance of novel
PET and SPECT radiotracers targeting a range of critical body functions during health and
disease. For example, we will be investigating a new radiotracer that was designed so it
can target inflammation inside the body. Inflammation helps the body to respond to insults
and can play an important role in maintaining health. The importance and novelty of our
inflammation PET research has been recognised by a patent application as well as best
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basic science paper of the year 2021 at a top journal in our field. In this renewed PPL, we
aim to continue the development and validation of the new inflammation PET biomarker in
different models of human diseases, including for example systemic inflammatory
responses following myocardial infarction. We also aim to evaluate the value of the new
PET biomarker of inflammation as a companion biomarker in the development of new
treatments. This will help clinicians to better diagnose and treat patients in a number of
critical human diseases, including myocardial infarction, hypertensive heart failure,
infection, multiple sclerosis, and age-related pathologies. We will continue the
development of new radiotracers for imaging synaptic function in the brain as well as new
PET and SPECT biomarkers of age-related multi-organ fibrosis. Although our previous
PPLs have already enabled successful development of new PET radiotracers for imaging
inflammation and fibrosis, there are still a number of unexplored biological targets of key
relevance to disease initiation and development. Importantly, our new PET biomarkers
successfully developed through the previous PPLs require repurposing for different clinical
applications, in order to maximise their impact in the diagnosis and treatment of various
human diseases.

Thus far we have published over 50 articles containing our team’s research findings. We
will continue publishing our findings in scientific and medical journals. We have made our
data available to the research community via a local DataShare platform and currently
have a collection of 11 different datasets suitable for re-use by the imaging community. We
will continue making our new imaging tools available to the research community. This
approach facilitates adoption of the new medical technology developed under this PPL.
Throughout this PPL, we will share our images with the research community so they can
be re-used by other scientists, therefore contributing to reduction of animal research
duplication.

Who or what will benefit from these outputs, and how?

In the short- to mid-term, outcomes from this project will enable researchers to better
understand what causes animal and human diseases by using innovative PET and SPECT
biomarkers. These biomarkers will also allow researchers to detect and measure the
amount of new medicines that reaches the targeted area of the body.

Within our ongoing PET and SPECT research programmes, our radiotracer for imaging
inflammation, 18F-LW223, is the most advanced in the pipeline and we are currently
undertaking clinical trials in humans. This radiotracer was developed over the past 7 years
under our previous PPLs, representing a significant and tangible success story from our
research efforts. Furthermore, we have identified several new promising applications for
18F-LW223, including its use in neurodegenerative disorders and systemic infection,
beyond the original purpose of cardiovascular inflammation imaging. We hypothesise this
novel radiotracer could also play a significant role as biomarker of lung, liver and kidney
inflammation. This is a very exciting prospect but requires further characterisation and
validation of this novel radiotracer in preclinical animal models of human disease before it
can be used in the clinical setting. Therefore, this PPL protocol list has evolved to enable
these key experiments in order to accelerate translation of 18F-LW223 to the clinic for
imaging of a plethora of urgently needed applications (newly added protocols 4 to 9).
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Our re-purposed radiotracer for quantification of tissue scarring, 18F-fluoroproline, is also
an extremely promising probe capable of providing the research community with unique
insight on the mechanisms underlying heart dysfunction in the context of cardiovascular
disease. Through our 18F-Fluoroproline programme over the past, 5-6 years, we have
thoroughly validated this radiotracer in naive animals and models of cardiovascular
disease. During our studies with this radiotracer, we have discovered that other tissues
remote from the heart (namely kidneys, liver and lungs) are also affected by myocardial
injury and can develop scarring, which may be detected with 18F-Fluoroprolines although
this cannot be fully demonstrated without further experiments with target models of non-
cardiovascular diseases and target power calculations for those models, which are
different from the cardiovascular models’ power calculations. In order to characterise this
re-purposed radiotracer as a new imaging biomarker of liver, lung and kidney fibrosis, we
have modified this PPL protocols to enable investigations of 18F-Fluoroproline kinetics in
models of liver injury (protocol 6). Recently, we were able to secure funding to look at liver
fibrosis with this repurposed radiotracer. We may also need to explore 18F-Fluoroproline
kinetics in models of kidney and lung models in the future, which could require additional
numbers, however to make sure we use only the minimum number of animals needed to
address our research questions we will first investigate 18F-Fluoroproline kinetics in a diet-
based liver model known to induce systemic changes in different tissues and we will use
total-body PET imaging to gain understanding of multi-tissue responses. This conservative
approach assures the number of animals is kept to the minimum while study hypothesis
and associated experiments are designed based on previously collected evidence. Based
on evidence we collected over the past 5 years, we were able to secure a £300k British
Heart Foundation award in 2024 to continue development of 18FFluoroproline as
biomarker of cardiac tissue response following myocardial infarction and anti-inflammatory
treatment.

Following from a £1M Wellcome Trust TDA, our group is currently working on developing,
characterising and validating novel PET radiotracers for imaging synaptic function. This
project aims to understand how natural aging and biological sex impact on radiotracer PET
kinetics. Such research is increasingly important as we face expanding societal and
medical challenges due to rapidly aging populations worldwide. Results from our work thus
far under the previous PPL have already resulted in an invitation to serve as imaging
expert for an international scientific consortium seeking to classify aging pathology for the
World Health Organisation. This highlights the importance and need for better imaging
biomarkers of aging, such as those developed in this PPL.

In the mid- to long-term, we will continue to develop our novel radiotracer for imaging white
matter in the brain (i.e. the insulating fatty layer around neurons), which will provide, for
the first time, in vivo information about critical brain function. Thus far, our results collected
during the past 4 years (previous PPL) show the new radiotracer is a promising biomarker
for white matter disease and two seminal papers have been published reporting this work.
Recently, we have been able to secure further seed funding for validation of the new
radiotracer in a mouse model of multiple sclerosis.
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In addition to benefits to the scientific community by gaining deeper understanding of
molecular processes and driving further research and innovation, several individuals and
stakeholders will benefit in the long term from the PET and SPECT imaging biomarkers
developed during this PPL. Clinicians gain advanced tools for early and precise diagnosis
of neurological conditions, enabling more effective treatments. Patients receive accurate
diagnoses and personalized care plans, improving their quality of life. Pharmaceutical
companies can utilize the radiotracer to streamline drug development, creating more
effective treatments. Healthcare systems benefit from optimised patient care strategies
and efficient resource allocation. Policymakers and governing bodies can develop
evidence-based guidelines and assess medication efficacy based on imaging results.

How will you look to maximise the outputs of this work?

We currently have active collaborations with various research groups in Europe, USA,
Canada and Asia. We will use these research networks to disseminate new information
generated in this PPL, including dissemination of unsuccessful approaches. We also
participate in board and study group discussions from key societies, like the European
Society of Molecular Imaging (ESMI) and Global Bioimaging (GBI), as well as important
national imaging networks. We will also use platforms like the NC3R Gateway to further
disseminate our findings within the scientific community. Furthermore, we are currently a
member of an international consortium of scientists looking to classify age-related
pathology with over 200 members. The network can also be an important resource to
disseminate our research findings. This is in addition to journal publications, conferences
proceedings and book chapters covering the latest developments stemming from our
research and this PPL.

Species and numbers of animals expected to be used

e Mice: 1600
e Rats: 2700

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

Rats and mice are ideal mammals for development of new PET and SPECT imaging
biomarkers. This is because the preclinical small animal PET and SPECT scanners are
best suited to image rats and mice over a wider range of ages (resolution of preclinical
PET systems is on average 0.7-1.0 mm). Moreover, the delivery of the radiotracer to the
target site by blood circulation is central to PET and SPECT imaging, and rodents have a
similar circulatory system to humans. Rats have larger size and blood volume compared
with mice and, thus, are better suited for long imaging sessions with complete kinetic
analysis and blood collection over the scanning duration. Therefore, we envision a large
number of rats versus mice will be used in this PPL.
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Notwithstanding, because mouse models are historically abundant in biomedical research,
it is logical to include both species for in vivo PET and SPECT studies designed to develop
innovative radiotracers. Finally, rats and mice have a short life cycle, therefore are ideally
suited for PET and SPECT imaging biomarker projects designed to identify new
radiotracers for imaging cell dysfunction due to natural senescence. For all these reasons,
in this project we will use rats and mice aged between 2 weeks and 18 months of age,
although the vast majority of our work will be conducted in adult rodents (2-6 months).

Typically, what will be done to an animal used in your project?

Typically, approximately 40% of the procedures covered in this PPL will require induction
and maintenance of general anaesthesia, cannulation of blood vessels (e.g. tail vein,
femoral vein and femoral artery), administration of the radiotracer with or without challenge
agent (e.g. pharmacological drug to block or displace radiotracer-target occupancy) and
scanning over 1-4 hours. At the end of the scanning session animals may be recovered for
longitudinal scanning or killed for tissue collection. Typically, about 15% of the procedures
covered in this PPL will require induction and maintenance of general anaesthesia,
cannulation of blood vessels (e.g. tail vein, femoral vein and femoral artery), administration
of the radiotracer with or without challenge agent (e.g. pharmacological drug to block or
displace radiotracer-target occupancy) and culling of the animals for blood and tissue
collection at various time points up to 2 hours post-radiotracer administration. About 15%
of the procedures covered in this PPL will typically require induction and maintenance of
general anaesthesia, cannulation of blood vessels (e.g. tail vein, femoral vein and femoral
artery) for administration of the challenge agent or intra-peritoneal administrations of the
challenge agent without general anaesthesia or mini-pump surgery under general
anaesthesia followed by awake continual delivery of the challenge agent with vital signs
monitoring (e.g. blood pressure measurements via tail plesythmography), and culling of
the animals for blood and tissue collection at various time points. The remaining 30% of
the procedures covered in this PPL will typically require generation of a model of human
disease (e.g. systemic inflammation using LPS, demyelination using cuprizone or regional
fibrosis and blood flow impairment via surgical ligation of the coronary artery) followed by
administration of radiotracer at different disease time points for scanning over 1-4 hours
with or without concomitant challenge agent.

What are the expected impacts and/or adverse effects for the animals during your
project?

Potential adverse effects due to chronic tissue irradiation, such as DNA damage,
inflammation and potential tumour development, by repeated administration of a
radiotracer and exposure to x-rays (e.g. several imaging sessions over time),
pharmacological drugs administration (e.g. changes in animal temperature), repeat
anaesthesia (e.g. changes in animal weight) and blood sampling (e.g. reduction of blood
volume). These adverse effects are expected to be rare and of transient nature (estimated
duration not to exceed 24-48 hours). Measures to minimize the occurrence of these effects
will be implemented in all protocols (e.g. use of sophisticated blood sampling equipment to
minimize risk of blood loss). Models of disease used in this PPL might lose weight,
experience transient pain or display lethargic behaviours. All animals will be routinely and
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clinically evaluated for any signs of adverse effects throughout the work protocols.
Whenever possible, measures to control and revert the adverse effects will be applied
throughout the duration of each protocol (e.g. medicine antidotes, increase of animal
temperature via heated mat, supplemental/soft foods to encourage eating).

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

Approximately 60% of the mice and rats used in this project will have an expected severity
limit of mild and most will be classified under non-recovery sub-threshold severity. About
20% of the mice and rats used in this project will have an expected severity limit of
moderate; and 20% may reach severity limit of severe, for example during challenge
studies or imaging studies with animal models of human disease.

What will happen to animals used in this project?

o Killed

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

The development of new PET and SPECT biomarkers rely on the evaluation of the
radiotracer performance in a living organism. Because the living organism environment is
complex, various functions are interconnected and contribute to the radiotracer distribution
in the target tissues, it is not possible to recreate this with other non-animal alternatives.
For example, blood circulation is essential for radiotracer delivery to the target.
Additionally, the degradation and elimination of a radiotracer by a living organism is a
dynamic and unique process that can’t accurately be measured in other types of studies.

Which non-animal alternatives did you consider for use in this project?

In vitro assays using cells and high-performance liquid chromatography (HPLC)
techniques for pre-screening of lead radiotracer candidates prior to initiation of in vivo
animal studies. Furthermore, our team works continuously to improve scientific methods
that could replace the use of animals at selected stages of the radiotracer development
pipeline. For example, with support from NC3Rs and Unilever, we have been able to
develop a new body-on-chip device that can model different organs on a chip and may
serve as a valuable model for compound risk assessment and Pharmacokinetic and
Pharmacodynamic (PK/PD) predictions. PK/PD experiments involve studying how a drug
moves through and affects the body, using imaging to visualise and measure these
processes in real time.
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Why were they not suitable?

The development of novel PET and SPECT imaging biomarkers rely on the in vivo
performance of radiotracers. The in vivo environment is complex, various tissues functions
are interconnected and contribute to the radiotracer uptake and washout from the target
tissues. For example, blood circulation is essential for radiotracer delivery or clearance
properties. Moreover, in vivo metabolism of compounds is a dynamic and unique process
that can’t accurately be modelled by in vitro systems, such as cell assays. Additionally,
although significant advances in understanding molecular biology at the cellular level has
been attained by using cultured cells or tissue slice preparations, such techniques do not
provide information about the intact organ or system under physiological conditions. PET
and SPECT imaging has the capacity to do this non-invasively. These aspects impede the
study of radiotracer properties outside the in vivo intact environment. For these reasons,
the use of intact animals is required. Notwithstanding, in this project, we will seek to use
alternatives to animal experimentation as much as possible, namely early in the process of
novel biomarker development, such as the use of HPLC and cell assays, in order to
reduce the use of animals to the minimum essential to effectively achieve this project
goals. Furthermore, although our new body-on-chip device is still at early stages of
development, proof of concept data is encouraging, and we are currently working on
improving the current limitations with view to subsequently validate the new technology
with case studies.

A retrospective assessment of replacement will be due by 16 September 2031
The PPL holder will be required to disclose:

¢ What, if any, non-animal alternatives were used or explored after the project started,
and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

Based on number of animals used in the last 10 years under my previous two PPLs as
well as expected increase in number of research projects in the next 5 years.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

The characteristics of each radiotracer or proposed imaging biomarker will be assessed
using a multistep approach. The radiotracers that do not meet the criteria generally
accepted for successful PET or SPECT imaging biomarkers at each stage will not be
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progressed into the next step. For example, at the stage of radiotracer discovery, if the
data from in vitro competition assays or HPLC screening demonstrate the novel
radiotracer display sub-optimal properties, namely poor affinity for target, low permeability
or high plasma protein binding, then it will not be injected into an animal. During the
preclinical research stage, if the radiotracer displays poor uptake and unsuitable kinetics in
vivo during the early-stage evaluation process, then it will not be progressed into further
validation using blockade or displacement studies; nor will its metabolic profile be
assessed in animals. This multi-step/milestone process will assure that only promising
radiotracers are progressed through the pipeline of in vivo animal studies. Moreover, the
use of alternatives to animal experimentation early in the process of novel biomarker
development, such as the use of HPLC and cell assays, will reduce the use of animals to
the minimum essential to effectively achieve this project goals. The use of in vivo non-
invasive imaging modalities, e.g. PET and SPECT, also substantially reduces the number
of animals used (up to 80-90% depending on the study) compared with ex vivo dissection
and sampling approaches; as it provides real time, longitudinal and multi-parameter
imaging data of the biodistribution and kinetics of the radiotracer.

Novel PET and SPECT imaging biomarker development requires minimal statistical
analysis. Success is determined by matching radiotracer properties with useful imaging
criteria: effective delivery to the target site, high affinity and selectivity, low in vivo
metabolism, high target-to-non-target ratios, and suitable kinetics. Group comparisons
might include tissue radioactive concentration or binding differences, using methods like a
two-tail t-test. Time course or multi-group analyses may involve two-way ANOVA or area
under the curve. Statistical advice is sought as needed. Typically, groups have 3-6
animals; metabolism studies typically need 6 per time point, while imaging studies often
need 3-4. Some cases may require up to 12 animals due to variability, such as hormonal
influences on radiotracer uptake.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

The characteristics of each radiotracer or proposed imaging biomarker will be accessed
using a multistep approach. The radiotracers that do not meet the criteria generally
accepted for successful PET or SPECT imaging biomarkers at each stage will not be
progressed into the next step. For example, at the stage of radiotracer discovery, if the
data from in vitro competition assays or HPLC screening demonstrate the novel
radiotracer display sub-optimal properties, namely poor affinity for target, low permeability
or high plasma protein binding, then it will not be injected into an animal. During the
preclinical research stage, if the radiotracer displays poor uptake and unsuitable kinetics in
vivo during the early-stage evaluation process, then it will not be progressed into further
validation using blockade or displacement studies; nor will its metabolic profile be
assessed in animals. This multi-step/milestone process will assure that only promising
radiotracers are progressed through the pipeline of in vivo animal studies. Moreover, the
use of alternatives to animal experimentation early in the process of novel biomarker
development, such as the use of HPLC and cell assays, will reduce the use of animals to
the minimum essential to effectively achieve this project goals. The use of in vivo non-
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invasive imaging modalities, e.g. PET and SPECT, also substantially reduces the number
of animals used (up to 80-90% depending on the study) compared with ex vivo dissection
and sampling approaches; as it provides real time, longitudinal and multi-parameter
imaging data of the biodistribution and kinetics of the radiotracer.

A retrospective assessment of reduction will be due by 16 September 2031
The PPL holder will be required to disclose:

e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

We will use naive rats and mice (c. 60% of all animals used in this PPL) as well as
pharmacological or surgical challenges to generate models of inflammation, fibrosis and
demyelination (c. 40% of all animals used in this PPL). To minimise animal suffering, the
duration of the experiments will be kept at the minimum required to reliably collect data
from the experiment.

The imaging studies will be conducted under general anaesthesia, and the radiotracers or
any substances will be administered via the least invasive route and the smallest possible
volume. These methods will minimise animal suffering and distress. Typically, in vivo
imaging scanning sessions will not exceed a maximum of 6 hours. The exception to this
would be a radiotracer that displays a very slow elimination from the target tissue and
would, therefore, require imaging scanning to be acquired with different time intervals. In
these cases, in vivo imaging scanning sessions will not exceed 6 hours per session, with a
maximum of 12 hours scanning over a 36-hour period. If imaging time exceeds 1hr, then
animals will be placed on heat mat for recovery and provided fluid support in the form of
mash, hydration packs or administration of NaCl subcutaneously if required.

Typically, standard imaging protocols would require anaesthetisation and scanning of
animals up to 4 times over the course of 1 to 3 months. Some animals might be scanned
up to 20 times over the course of 12-18 months (for example during aging studies), with
minimum interval of 7 days between imaging sessions. The most intensive protocol would
involve scanning animals up to 5 times over the course of 1 week.

151|Page




@

Home Office

Furthermore, an automatic blood sampler apparatus will be used when collecting various
blood samples throughout the imaging period. This instrument represents a refinement of
the blood sampling technique, as it substantially reduces the amount of blood necessary to
obtain meaningful data. We have also developed a new technique in our group that allows
for analysis of drug PK/PD and radiotracer metabolism in sub-millilitre blood samples,
therefore further refining the blood sampling procedure while reducing the number of
animals required for a given study by allowing for multiple blood collections per animal.

Over the past 5 years, we were able to develop significant refinement strategies to our
animal research practices. For example, for our aging cohorts, we have introduced play
pen activities weekly or twice per week, which have significantly improved animal welfare
scores. Furthermore, we have refined our drug-induced myocardial infarction model by
conducting the procedure under general anaesthesia with continuous ECG monitoring
versus conscious procedures without ECG monitoring previously reported in the literature.
This has significantly reduced animal distress, serious adverse effects and mortality. In
collaboration with the UoE Clinical Biomarkers facility we have optimised measurement of
Troponin | in our Ml models (both surgical and drug-induced). This allows us to minimise
suffering in the postsurgical/infarct period by early identification and culling of animals with
no infarct, or infarcts which are too small. We have published a number of papers utilising
the surgical model of myocardial infarction for development of our new PET radiotracers
for imaging cardiac inflammation (18F-LW223) and fibrosis (18F-fluoroproline). Recently, a
new method of myocardial infarction by minimally invasive left anterior descending artery
(LAD) coagulation has been developed in mice, we hope to establish this protocol in rats
and use it as an alternative, refined model for inflammation and fibrosis. Dr Mark MacAskill
from our team, who has extensive experience (>8 years) with the thoracotomy MI model in
rats, is the lead applicant on the NC3R/BHF award to complete this work. This project will
replace the invasive “gold standard” with a first-of-its-kind, ultrasound-guided, minimally
invasive rat Ml model, eliminating ventilation, thoracotomy, lung collapse, pericardial
opening, and exteriorisation of the heart —thereby improving recovery, reducing suffering,
and lowering animal numbers. Ultrasound guidance should also help to control size of
infarct and reduce the instance of missed ligations. The work on this project has already
commenced with the recruitment of an NC3R/BHF funded PhD student who has already
completed Aim 1 (build a rat ultrasound phantom for optimisation/training) and is currently
progressing aim 2 of the project, to validate recovery, accuracy, and actual severity for
minimally invasive permanent ligation (first in cadavers and then in non-recovery live
animals before finally progressing to recovery animals). This is a cautious, stepwise
approach completed under oversight of NVS. The final aim of the project will be to
establish, for the first time in rats, a minimally invasive temporary ligation model to study
reperfusion injury. For pain assessment and model comparison, the NC3Rs/BHF-funded
PhD student has implemented the Rat Grimace Scale (RGS) for objective pain
assessment, optimised in the current thoracotomy Ml model through training and blinded
scoring. The same RGS protocol will be applied to the new ultrasound-guided minimally
invasive model to directly compare pain between models. RGS will be recorded at
standard post-operative timepoints alongside activity, food/water intake, and weight, with
predefined thresholds triggering additional analgesia or protocol adjustments to minimise
severity.
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Why can’t you use animals that are less sentient?

The animal species to be used in this project need to be rats and mice. The preclinical
PET and SPECT scanners are best suited to image rats and mice. Moreover, the delivery
of the radiotracer to the target site by blood circulation is central to PET and SPECT
imaging, and rodents have a similar circulatory system to humans. Rats have larger size
and blood volume compared with mice and, thus, are better suited for long imaging
sessions (up to 6 hours) with complete kinetic analysis and blood collection over the
scanning duration. Mice are more amenable to genetic alterations compared with rats,
thus providing a good platform for the development of animal models of human diseases,
which would be valuable for long term application of the novel radiotracers (developed in
this project) in biomedical research. Most animals used in this PPL will be terminally
anesthetised (>50% of total animal number).

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

We will increase monitoring and post-operative care of animals undergoing longitudinal
imaging studies or PK/PD experiments. Pain management following surgical procedures
involving recovery of animals from general anaesthesia will be monitored closely and daily.
Animals undergoing procedures without general anaesthesia (e.g. dosing via
intraperitoneal injection or blood pressure measurement) will be gently handled and
trained, in order to minimise distress.

During the lifetime of the PPL, we are seeking to establish a less invasive model for
inflammation and fibrosis in rats which could significantly reduce post-procedural mortality.
We are committed to expand our refinement approaches to the surgically induced
myocardial infarction model by implementing a new and minimally invasive left anterior
descending artery (LAD) coagulation method. We hope to establish this protocol in rats
and use it as an alternative, refined model for inflammation and fibrosis. Funding from the
NC3Rs and British Heart Foundation has been secured to establish this new protocol in
our facility.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

We will follow published PREPARE (Planning Research and Experimental Procedures on
Animals: Recommendations for Excellence), ARRIVE (Animal Research: Reporting of In
Vivo Experiments) guidelines and FAIR (Findability, Accessibility, Interoperability, and
Reuse) when conducting our research. In accordance with 3R principles, we have chosen
to use rats and mice for our research because they represent the most tractable model for
the in vivo study of radiotracer biodistribution and binding kinetics given the availability of
commercial and well-characterised strains. Furthermore, rats and mice are an appropriate
model since they reproduce many features of the human physiology (e.g. blood circulatory
system) relevant to this project.
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Our group is committed to ensuring the most refined protocols are used in our studies. To
this end, we pioneered the use of an acquisition and reconstruction method to standardise
imaging protocols with the NC3R support, as well as the development of new protocols for
kinetic modelling experiments using sub-millilitre blood collections. This represents a
significant refinement to studies that use nonstandard imaging protocols with high
radiation doses and large blood volumes for kinetic modelling experiments. Furthermore,
we are currently developing a new body-on-chip device that has the potential to
significantly reduce and potentially replace the use of animals for certain research
purposes (e.g. PK/PD predictions for compound lead selection and prioritisation). This
work is currently being funded by the Medical Research Council (MRC).

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

Our establishment organises a number of events each year, including the 3Rs day, that
aim to raise awareness and train students and staff on best practices to minimise animal
suffering, improve welfare of animals in research, and support the development of
alternatives to animal models. Myself and my team routinely attend these meetings and
will continue attending them throughout the course of this project. Over the past 10 years,
we have been successful at securing 3 PhD studentships from the NC3Rs focused on
developing new methodologies for replacement, reduction and refinement of animal
experiments. Through the NC3Rs communication and engagement networks, including
newsletters and grantees’ events, we receive frequent news on the 3Rs latest
developments.

A retrospective assessment of refinement will be due by 16 September 2031
The PPL holder will be required to disclose:

e With the knowledge you have now, could the choice of animals or model(s) used to
be improved for future work of this kind? During the project, how did you minimise
harm to the animals?
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12. Exploring novel strategies for cardioprotection

Project duration
5 years 0 months
Project purpose

e (a) Basic research

Key words

Cardioprotection, Diabetes, Cardiorenal protection, Cardiotoxicity, Cardiovascular

diseases
Animal types Life stages
Mice Embryo and egg, Neonate, Juvenile, Adult,
Pregnant adult, Aged animal
Rats Embryo and egg, Neonate, Juvenile, Adult,
Pregnant adult, Aged animal

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

¢ Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

With the prevalence of cardiovascular diseases on the rise, this project aims to identify
novel treatments that benefit human patients. To achieve this goal, we will explore the
mechanism of diseases that affect the cardiovascular system, identifying modifiable
targets in the cardiovascular system. The potential benefits of these modifiable targets will
then be explored using pre-clinical cell, out of body tissue, virtual and animal models
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combined with genetic and pharmacological approaches. Our models will incorporate
complex diseases such as diabetes, obesity, chronic kidney disease (CKD) and cancer, to
increase the likelihood of translation to human patients.

A retrospective assessment of these aims will be due by 23 September 2031
The PPL holder will be required to disclose:

e |s there a plan for this work to continue under another licence?
e Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

Ischaemic heart disease is associated with narrowing or blockage of one or more blood
vessels supplying the heart muscles resulting in deterioration of heart pump function. This
is the largest cause for mortality as per the global estimates for 2016 published by World
Health Organization (WHO). Projections for year 2030 suggest that if measures for
reducing the prevalence of this disease are not in place, it will continue to be the single
largest cause for death globally.

Coronary artery disease, the most common type of heart disease, causes blockage of one
or more blood vessels supplying blood to the heart muscles leading to a heart attack.
When this occurs, the heart does not get enough oxygen and a part of the heart muscle
wall that is supplied by the affected blood vessel becomes damaged. Many cells in the
affected area die and since new cells cannot replace the dead cells in the heart, the
damaged area will not be able to function normally.This increases the workload on the rest
of the heart, which will further worsen the heart function with time leading to what is called
heart failure and eventually death. The first obvious step to reduce the extent of injury to
the heart is to restore blood flow by opening the blocked vessels using drugs and surgery.
However, this sudden return of blood flow (called reperfusion) is known to make the injury
worse. In addition to finding ways to limiting such reperfusion injury, an additional
approach to decrease the global heart disease burden would be to reduce the incidence of
coronary artery disease itself.

Coronary artery disease results from the presence of several cardiovascular risk factors
such as high blood cholesterol, high blood pressure, obesity, diabetes etc. Most of the
heart therapies in use are based on treating these risk factors and also implementing life-
style modifications. Despite improvement in treating these diseases, the number of
patients with heart disease continue to rise globally. This suggests that there are other, yet
unidentified, harmful effects of co-existing diseases that may point to additional ways of
protecting the heart and improving outcomes in these patients. Recent clinical trials have
confirmed that in order to get the maximum benefit, it is important to understand how the
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different organs in human body interact in a state of health and ill-health, which in turn
seem to affect how the body responds to treatments including those for cardiac disease. In
addition to the diseases, advanced age is a non-modifiable, untreatable factor that has
significant effect on cardiac health and efficacy of treatments.

Limiting the pandemic of heart disease is extremely important not only to reduce the global
burden of this disease on health services and healthcare costs, but also to improve
outcomes in certain other disease states such as diabetes, CKD and cancer. For instance,
a vast majority of patients with diabetes and CKD die of cardiovascular complications.
Patients with diabetes mellitus (DM) are 2-4 times more likely to develop cardiovascular
disease, which is the main cause for death in ~65% of patients with DM. In 2010/11,
diabetes cost NHS about £9.8 billion, of which around £3 billion was spent on heart
disease and associated complications. With diabetes projected to become the 7t leading
cause of death worldwide by 2030, improving efficacy of treatment/management of heart
disease in diabetic patients is essential to reduce the healthcare expenses. Another factor
that can increase the chances of heart problems in the clinical setting is treatment with
anti-cancer drugs such as anthracyclines. These drugs are cardio-toxic — i.e., they can
weaken the heart muscle within a span of as little as a couple of weeks to as much as 10
years after treatment. As many cancer patients are over the age of 50, the chances are
fairly high that they already have heart disease when diagnosed with cancer; and the
cancer treatments can make their hearts more vulnerable. Hence the provision of life-
saving chemotherapy is restricted in cancer patients presenting with cardiac risk factors. It
is also known that cancer survivors with no history of cardiac diseases may develop heart
diseases and heart failure as a result of chemotherapy. For instance, a significant
proportion of childhood cancer survivors who received this chemotherapy agents show the
development of heart failure in a fairly young age.

It is also extremely important to note that, not only do other diseases and certain drugs
used for cancer treatment increase the propensity to developing cardiac disease, but heart
disease can also increase the incidence of other diseases. For example, acute kidney
injury is a frequent complication of heart attack and can strongly affect the short-term and
long-term survival in these patients. Therefore, to effectively prevent and treat cardiac
disease in young and old patients with/without co-existing pathologies, it is extremely
important to understand how effective current heart treatments are in different patient
populations.

To obtain data with potential beneficial effect for large patient groups, pre-clinical research
involving use of animals mimicking human diseases are essential — more importantly to
ensure that the refinements and new strategies do not pose health risk contrary to being
beneficial. The insights from these will help refine and personalise current treatments and
if needed, devise new treatment modalities.

What outputs do you think you will see at the end of this project?

The project detailed in this licence outlines research intended to
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1) improve knowledge of mechanisms of cardiac cell death caused by decreased blood
flow and other causes of cardiac injury;

leading to 2) identification of new therapeutic targets;

3) development of new methods/drugs based on these newly identified targets for
protecting the heart;

4) testing these new methods and also refining available treatments in animals harbouring
diseases similar to human patients (e.g. diabetes).

Additionally, our project will undertake studies aimed at re-purposing clinically approved
non-cardiac medications for application to cardiac diseases and chemotherapy-induced
cardiotoxicity, if there is an indication that these may help protect the heart.

The insights gained from the studies carried out under this project will help improve the
ways by which heart can be protected in the larger patient population who may present
with several other clinical conditions in addition to cardiac disease. The knowledge
obtained from this research can also contribute to the scientific understanding of injury
caused by both the lack of blood flow and subsequent return of blood flow by drug or
surgical interventions, as occurs in other vital organs such as brain (stroke), kidney and
liver, and during procedures such as cardiac surgery and transplantation. The new
therapies may also provide valuable adjuncts to current clinical interventions.

Who or what will benefit from these outputs, and how?

Our work aims to improve current methods/drugs and to find new ways of reducing injury
in patients who experience a heart attack. Since those who survive a heart attack
frequently develop heart failure due to the damage to the heart, improving available
treatment methods and developing new techniques will help patients to survive longer and
have a better quality of life. A decrease in the occurrence of heart failure following heart
attacks would also provide substantial cost benefits to the public health service. Using
animal models that have disease conditions similar to humans (e.g., animal models with
diabetes, chronic kidney disease or cancer models receiving anti-cancer drugs) we also
plan to estimate the success of cardiac treatments in patients with other diseases. This is
particularly important since different diseases can increase the risk of developing heart
disease and can change the way patients respond to treatments.

Short-term outputs from the project will be mostly in the form of new scientific information
regarding how the cardiac disease progresses and new ways of targeting cardiac cell
injury. These will be presented in the form of peer-reviewed scientific publications. Other
research groups studying cardiac diseases and pharmaceutical companies developing
therapies will be the immediate beneficiaries of these findings.

Medium-long term outputs expected of the project mainly include information obtained
from studies using currently available therapies - where the refinement of current
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treatment methods is aimed for. The data from these will also be presented in scientific
journals and may translate into modifications in clinical practice benefiting patients directly.

A decrease in cardiovascular morbidity and mortality in different disease settings can
translate into substantial cost benefits to the NHS. Thus, the major beneficiaries in the long
run are the healthcare network who can provide better care at reduced costs and most
importantly, the patients who receive optimum personalised treatments positively
impacting their quality of life.

How will you look to maximise the outputs of this work?
We will try to maximise outputs from our project by:

1. planning the experiments such that maximum amount of data can be obtained while
reducing number of animals used - e.g., using non-invasive techniques (such as
echocardiography) to obtain important information on cardiac function as well as
collecting tissue samples for biochemical analysis at the end of experiments.

2. collaborating with other groups who carry out research in similar fields so as to
optimise experimental protocols and avoid unnecessary repetition of experiments.

3. collaborating with other groups who may be able to obtain data from the same animals
- e.g., in experiments involving diabetic animals, other research groups interested in
pancreatic cell function may be able to obtain tissue samples of interest in their
research.

4. publication of all important data (both positive and negative findings) from the research
in peer reviewed scientific journals - regardless of the immediate impact on existing
scientific knowledge in the field.

Species and numbers of animals expected to be used
e Mice: 8000
¢ Rats: 5500

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.
We are planning to use rats and mice in our studies because:

e These species exhibit anatomical, physiological and genetic similarity to humans.
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The small size, ease of maintenance, and short life cycle offers the advantage of
studying the different phases of disease processes within much shorter time span.

Heart attack can be induced and the resulting damage to heart muscle can be
assessed with accuracy and ease.

Heart function can be maintained by perfusion with crystalloid buffers, allowing
examination of factors that are altered within the heart in the absence of external
influences.

Reduced collateral blood supply in the heart - reduces the variability in the results
between animals and thereby reducing the number of animals used in each
experiment.

These animals can be genetically modified to express diseases that are seen in
humans (e.g., diabetes kidney disease). This will provide a good model to
understand how these diseases affect heart and to improve the use of currently
available heart medications in patients who often also suffer from such diseases.

These animals can be genetically modified to express proteins that are shown to be
relevant to the development of heart disease or relevant to rescuing the heart from
injurious insults like heart attack. This will provide a good model to test new
treatment targets leading way to new drug development.

In experiments, where the immediate effect of a treatment on heart muscle function
and injury, young adult animals will be used and they will be used in experiments
under anaesthesia and humanely killed while still under anaesthesia - the tissues
from these animals will then be used to obtain relevant information.

In experiments where the long-term effects of treatments and/or other diseases are
to be studied, young adult animals will be treated with different medications or
disease-inducing factors; maintained for duration sufficient to observe the effect of
these treatments and then used in experiments. These animals will be monitored at
regular pre-specified intervals to ensure that the relevant experiments are carried
out at the correct stage of disease and the animals do not suffer unduly.

Aged animals may be used in both the above types of experiments, as a way to
understand how and why the aged heart responds differently to heart injury and
treatments.

Animals with changes in protein expression or harbouring disease-causing
mutations will be obtained from established commercial suppliers and if possible
bred locally. These will be checked to ensure the presence of desirable gene
changes at the time they are weaned as pups and then let grow normally until they
are young adults or aged before being used in experiments as stated before.
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e The choice between mice and rats will be based on the desirability of gene
mutations in the study design. The commercial availability of large number of
transgenic mouse models with gene expression changes desirable for studies
involving cardiovascular disease makes it a desirable species to work with. Despite
this, the relative larger volume of blood and tissues from rats makes them ideal for
experiments involving repeated blood sampling for circulating marker
measurements. Also, the recent development in inducing gene expression changes
in rats may help decide the species chosen for each study protocol.

Typically, what will be done to an animal used in your project?

Breeding protocols - Mice will be mated and maintained under ideal conditions of
housing. The litter of pups obtained will be checked for presence of the gene mutation and
the randomly assigned to experimental groups. In some cases, these mice may receive
pre-treatment with drugs that can modify their response to subsequent heart attack.

Tissue studies - Part of our work involves collecting tissues from animals and analysing
these for different markers of injury and drug. In these studies, the animals may or may not
receive treatment with drugs before or during heart attack; with the corresponding effects
observed in tissues collected. The animals will be deeply anaesthetised (terminal
anaesthesia) before inducing heart attack for a specific duration and then collecting the
tissues. These experiments are particularly important to see any early harmful effects of
treatments with respect to how the heart function when subjected to the injurious insult.
Only after a beneficial effect or absence of harmful effect at this point is confirmed that the
treatment can be tested in a long-term recovery model (as stated below). An additional
advantage of this model is that a lot more information can be obtained from the different
tissues we collect from each animal.

Whole animal studies - Once the early/immediate phase of injury has been studied, the
findings will then need to be extended to the whole animal model which sustain heart
attack, survives with some heart injury and then goes on to develop heart-failure. This is
particularly important if we want to take any promising intervention to the next step of
clinical application in humans. In these experiments, the animals may receive treatments
before, during or after the heart attack procedure, which will be done under deep
anaesthesia. The animals will be allowed to recover after the heart attack, with pain being
managed using pain medications as in humans. The duration of these experiments will
range from a few days after the heart attack procedure to up to 4 months. The duration will
be decided based on the extent of complications of heart failure we need to see in order to
meet the study objective. In some of these studies we will use animals harbouring
diseases like diabetes and kidney disease. This is especially important since the human
patients who sustain heart attack often present with many more disease and health
concerns in addition to the heart disease.

What are the expected impacts and/or adverse effects for the animals during your
project?
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Animals will be used in procedures deemed necessary, based on initial data from non-
animal models.

In a few experiments animals may be treated for a defined period of time with drugs which
are already being used in patients, or in preclinical/clinical trials. Hence the safety, dose,
and the methods of treating animals with these drugs are well-documented. This will help
design surgical procedures considering possible non-desirable side effects and effective
management of the same. Although most of the drugs used are not expected to cause
adverse reactions at the concentrations intended, the animals will be closely monitored
and necessary steps taken to ensure their well-being.

All the animals will be observed regularly for food and water intake, general features of
discomfort (e.g. starry (puffed-up) coat, hunched position, lethargy, reluctance to move,
isolation from the group, self-harm, changed nesting behaviour) and weight loss
(maximum 20%). If these symptoms develop, the animals will be humanely killed.

Procedures carried out on animals in this project involve administration of drugs and
monitoring their effects on body tissues. These can be broadly classified into two:

¢ Non-recovery - surgical procedures carried out under general anaesthesia; deep
anaesthesia will be maintained throughout the duration of experiment followed by a
final overdose of anaesthetic to kill the animal without waking it up from the
experiment. This method is not expected to cause any suffering as the entire
protocol is carried out under deep anaesthesia.

e Recovery - surgical procedures carried out under general anaesthesia; deep
anaesthesia will be maintained throughout the duration of the procedure. Upon
completion of the surgery, animals will be allowed to recover from anaesthesia.
These animals will be under continuous observation until they become fully mobile
and start to feed and drink, which normally happens in the first 3hrs after completion
of procedure. In animals undergoing heart surgery, wherein the chest cavity is
opened, surgery performed, and the wounds closed surgically before recovering the
animals from anaesthesia, effective pain relief by medication will be provided to
ensure that the animals are not in pain while recovering from the procedure and in
the days thereafter.

Further, we also undertake studies on animal models with diseases such as diabetes,
kidney disease and chemotherapy-induced heart failure. In these animals, the severity is
due to the disease severity - a factor we need to include in our experiments so as to make
any new findings applicable to the wider human patient population.

The animals will be killed by humane methods after the procedure and tissues of interest
collected for further studies, making maximum possible use of the animals. At all points in
time either during maintenance of the animals or during experiments or afterwards all
possible steps will be taken so that animals do not suffer unnecessarily. Where the
pain/suffering is not transient (occurring within the duration of recovery as a result of the
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procedure undergone) and cannot be resolved by pain-relief medications, humane
methods of killing will be used to end suffering.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

Mice - Mild severity (~20% in breeding experiments, <25% in tissue studies or non-
recovery experiments, ~50% in diabetic mice or GAA mice with harmful phenotype),
Moderate severity (<5% in kidney disease models, ~5% in diabetic animals), Severe
effects (~5% in diabetic or GAA mice with harmful phenotype, ~15% in recovery/whole
animal models, ~10% in chemotherapy studies).

Rats - Mild severity (<25% in tissue studies or non-recovery experiments, ~50% in mutant
diabetic rats), Moderate severity (<5% in kidney disease models, ~5% in diabetic animals),
Severe effects (~5% in diabetic animals, ~15% in recovery/whole animal models, ~10% in
chemotherapy studies).

All the remaining animals will fall under the 'non-recovery' category of (i.e., no procedure
afflicting painful, distressing or harmful effects has been carried out in these). Additionally,
the animals used only for breeding purposes will not be used for any other experiments
and therefore categorised under Subthreshold severity category - unless unexpected
suffering observed, in which case the animal will be treated to minimise suffering and
severity category recorded appropriately.

What will happen to animals used in this project?

e Killed
e Used in other projects

A retrospective assessment of these predicted harms will be due by 23 September
2031

The PPL holder will be required to disclose:

e What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?
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This project aims to help the heart survive better after a heart attack and to treat heart
disease in patients with other co-existing diseases. The overall aim is that the findings will
help improve treatment options for all patients regardless of their general health status.
Such personalised medicine will improve the quality of life in the long term in these
patients. Our initial ‘proof of concept’ experiments will be carried out on experimental
models of non-animal origin. These models include cell lines — cells available commercially
and grown in the laboratory, and also cells, organoids and tissue samples from human
volunteers. Based on this pilot data, experiments that show promising results will have to
be confirmed in more complex biological systems similar to the human heart and whole
body before the treatment can be tested in patients. Since these studies cannot be carried
out in humans until more information on the safety and effectiveness of the treatment is
available, experimental models of animal origin have to be used. Among animal-based
work, we initially use the isolated heart and cell models (which are of lower severity) and
also get relevant additional information from other tissues from each animal. This will help
to increase the output from each animal used. The studies will then be expanded to the
whole body and recovery models (higher severity) only if positive results are obtained in
the initial animal experiments.

Which non-animal alternatives did you consider for use in this project?

In vitro non-animal models

Includes single types of cells, co-culture systems, cardiac tissue slices (organotypic heart
slices), micro physiological systems like organ-on-a-chip and organoids - maintained in
culture. All of these can be specialised by using cells or tissues obtained from patients with
specific disease type. These can be useful in replicating the disease phenotype, validate
possible genetic differences while comparing tissues from groups of patients who are more
susceptible to disease or adverse reaction to certain drugs compared to other patients.
These properties make in vitro models involving cells and tissues from humans ideal in
drug toxicity and safety testing and to a certain extent can also help understand the
interaction between different cells within the same organ (e.g. organotypic heart slices)
and between limited number of organs (human-on-a-chip, where different compartments
containing cells from different organs are maintained).

Ex vivo tissues from humans

Tissue biopsies can be obtained post-mortem or from live human patients (with prior
consent) during cardiac surgical procedures. These may be a good alternative to tissues
obtained from animals subjected to interventions so that they develop disease phenotype.

Why were they not suitable?

In vitro models - We do use in vitro cell cultures, specifically immortalised cell lines from
humans or animals in our preliminary experiments. We also use tissues from consenting
patients whenever possible, however the usability of these tissues is greatly restricted by
the short duration within which the experiments need to be carried out. These tissues are
usually obtained from patients with heart diseases and due to lack of blood flow within the
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tissue after excision, the core of the tissue dies with time rendering it unusable in
subsequent experiments that require prolonged incubation with test drugs.

While the cell and tissue biopsy models are ideal to test the 'proof of concept' or 'test the
effect' studies, these do not replicate the complexity that is seen within the intact human
heart - be it in terms of the structure, the function or how the cells react in the native tissue
to injurious insults. In order to achieve this, we will need to test the treatments in intact
organs. Although the organoids and organson-a-chip seem like an attractive alternative for
this purpose, we have not been able to use this owing to the following reasons:

Firstly, the technical expertise and facilities required to develop, establish and maintain
these are in the process of being established and are extremely expensive to set up.
However, we are aiming to setup collaboration with experts in these fields and apply for
grants that fund these studies.

Secondly and more importantly, the premise of our project is to look at how changes within
the whole body affects the heart - in different disease conditions and in response to
different treatments, over a period of time recapitulating the duration that it takes in human
body.

The human-on-a-chip, at its current state is still limited by the absence of all the neuronal
and blood borne factors that keep changing in response to the different bodily and
environmental cues - for e.g., disease states, diet types, medications, physiological stress,
gender differences, diurnal variations — to name just a few.

So, although we use in vitro models to obtain as much pilot data as possible and are an
essential part of our overall research programme, we will need to rely on animal models
when it comes to confirming our findings in the complicated biological system - that is the
working heart complete with the circulatory, nervous, and other body systems that convey
signals between the heart and the rest of the body.

A retrospective assessment of replacement will be due by 23 September 2031
The PPL holder will be required to disclose:

e What, if any, non-animal alternatives were used or explored after the project started,
and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?
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Animals will be assigned to experimental groups randomly, as appropriate and necessary,
and blinding of data prior to analysis will be done so as to prevent bias and ensure best
research practice. Appropriate statistical tests will be used as applicable to the study
design. The number of animals required in each experiment will be determined by
statistical analysis - based on expected effect size of each output/data (pilot data),
significance threshold set at 5% and at a statistical power of 85%. The statistical analysis
used will be based on the number of factors studied in each animal (single factor, multi-
factorial or randomized block designs). We use the Experimental Design Assistant (EDA)
available within the NC3R's, to design and arrive at the optimum number of animals
required for more complex studies. Based on our previous work, we expect ~80-85%
success rate considering all proposed protocols. This has been factored in while
estimating the number of animals required for the different protocols. However, a
considerable number of animals are expected to be common to one or more protocols.
Hence, considering the number of different treatments we want to undertake in our
research, the different experimental models that will be used in arriving at useful,
reproducible, clinically relevant information, we have arrived at the number stated above
for a project duration of 5 years.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

Whenever possible, we undertake small scale pilot studies to estimate the size of change
in the measured parameter(s) as an indicator of expected biological effect. If the effect is
too minuscule to be of any clinical/biological relevance, then the study using that treatment
modality will be discontinued. If the results are suggestive of clinical importance, but need
further validation, then we plan studies involving animals. In this phase of planning and
designing animal experiments, we use different guidelines/tools - For example, the
(https://norecopa.no/media/7864/prepare_checklist_english.pdf); the 3Rs resources and
the NC3R's Experimental Design Assistant (EDA). The PREPARE checklist provides us a
framework to ensure we have closely considered all required factors including available
literature in the field and the novelty of our own preliminary findings - so as to avoid
unnecessary repetition of research and animal use. EDA helps design the study
considering the different treatment groups, interacting/affecting factors and also suggests
the number of animals required for obtaining robust, reproducible and statistically
significant data. It also suggests the appropriate statistical tools that can be used for
subsequent analysis of results.

In addition to the EDA, we plan to enlist support from the institute's statistics experts for
calculating the number of animals prior to large-scale animal studies. For simple two group
studies, we use online statistical tools or software like G*Power or ClinCalc.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

To reduce animal use we will:
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e Use alternative methods that do not rely on use of animals wherever possible - e.g.
non-animal derived models in preliminary experiments.

e Using pilot data from non-animal studies to assess the need of extending the
investigations to animal models.

e Plan experiments using minimum statistically relevant number of animals.

e Use of experimental techniques that will give maximum amount of data from least
possible number of animals (e.g. using whole heart, aortic ring, blood and other tissues
from same animal).

e Use viral vectors for mutagenesis — reduces (by at least half, if not more) the number of
mice bred to produce transgenic strains.

e Careful experimental planning to include the minimum required number of animals in
experiments without compromising the quality of results - e.g. repeated cardiac
imaging of animals to examine changes in heart structure and function with time . This
will reduce the number of animals needed to study all the time points and also will
avoid variations that may be present between the animals.

e Regular monitoring of the experimental activity in the lab by the project licence holder
and experienced senior scientists to ensure high quality of research and optimum use
of animals.

A retrospective assessment of reduction will be due by 23 September 2031
The PPL holder will be required to disclose:

e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

Rats and mice will be used in this project as it is easy to measure extent of damage to the
heart and experiments can be performed in a controlled manner. Rats and mice with
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diseases similar to human conditions (for e.g. diabetes) will also be used in the project for
studying heart disease in a setting similar to human diseases.

The study will use protocols where the animals are terminally anesthetised, and tissues
collected for further investigations. These methods will cause no pain, suffering, distress or
lasting harm and will be the mildest amongst all the procedures in the project. In other
experiments, animals will have to be subjected to cardiac surgery under anaesthesia and
then recovered for a specific duration of project to study the effects of treatments on the
heart. In these studies, unfortunately, occurrence of pain and suffering in the initial duration
after surgery is unavoidable. To reduce the pain and suffering, the animals will be provided
with pain medications at appropriate dosage and monitored regularly to ensure that there
is pain relief. If these steps do not remedy the suffering, then advice will be sought from
the Named Veterinary Surgeon on other possible measures, failing which the animals will
be euthanized.

As refinement to techniques used during the study, we aim to

e Assess cardiac function/infarction using minimally invasive techniques (MRI,
Echocardiography).

e For studies involving genetically modified animals, we plan to use ways of inducing
genetic changes that will greatly reduce the number of animals used (viral vectors
for transgene induction).

e Use drug-filled minipumps implanted under the skin for chronic drug administration.
The process of implanting minipump itself does not cause any suffering, since this
is done under anaesthesia and the region chosen for implantation is such that the
process can be achieved with the smallest of openings on the skin and the
implanted mini pump will not interfere with any regular activity.

e Use micro sampling techniques (tail vein prick) for assessing diabetes in animal
models. This will be done in animals fed normally, avoiding stress due to overnight
fasting and also less harmful compared to cannulation of vein where larger volumes
of blood may be lost.

e Use drugs for developing obese/non-obese diabetic models with different disease
severities in a much shorter duration than genetic models; minimises suffering
especially in studies addressing effect of diabetes and age on heart.

e Use diet-based models for assessing chronic kidney disease (CKD). We have
established this model in our lab whereby dietary adenine causes CKD. In
comparison to the gold standard methods such as 5/6 nephrectomy or unilateral
ureteral obstruction, this model avoids the need for surgery and causes a systemic
disease where the damaged intact kidneys cause cardiovascular dysfunction. Apart
from being non-invasive, this model is replicable, eliminates distress and any
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welfare issues resulting from surgical intervention and closely mimics the conditions
observed in human patients with CKD.

Heart disease affects the long-term survival and quality of life in patients. To help provide
better treatments for the varied patient population, it is important to have a better
understanding of how the heart disease itself and heart's response to treatments is
affected by different disease states. For this purpose, we will need to use animal models
with diseases like diabetes followed by induction of heart attack. Unfortunately, no
available non-animal alternative is able to replicate all the complex responses that are
seen in a whole animal model as this. We will ensure that the minimum necessary level of
clinical symptoms are evident in these animals and not to the extent that it causes severe
harm.

Why can’t you use animals that are less sentient?

The development of cardiac disease has strong association with the aging process and the
presence of cardiovascular risk factors such as high cholesterol. It has been shown that
the incidence of these in juvenile/ adolescent or young humans is very low unless the
disease is due to a genetic condition. It is also known that the hearts of young humans are
more resilient to injurious insults compared to the adults and the aged. We find similar
differences between cardiac cells prepared from neonate rats/mice versus that prepared
from adult animals. The neonatal cells are different from the adult cells not only in their
appearance, but also in their susceptibility to injury and general functional properties.
Considering these and also the fact that our research is aimed at translation into the
clinical setting where the vast majority of patients are adults with other disease states, we
use mostly adult/aged animals in our studies. Where parallels can be drawn to clinical
conditions in the young - for e.g. childhood survivors of cancer developing heart failure, we
may use juvenile animals to mimic this disease of the young.

In order to keep the animal suffering to a minimum, wherever possible in our studies, we
use animals that are terminally anaesthetised.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

¢ Refining experimental skills: In addition to the training undertaken for obtaining
personal licence, new members of the research team will be trained, supervised
and guided by more experienced investigators in all aspects of animal research
including designing experiments, handling animals, recognising signs of pain,
suffering, lasting harm and distress; and sacrificing animals by humane methods
when necessary.

e Researchers will be assessed for competency before being allowed to carry out
experiments on animals.

e Where animals are to be subjected to repeated experimental interventions (e.g.
blood sampling at regular intervals in diabetic animals), the animals will be
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conditioned to the repeated handling by the same researcher or team of
researchers - this will reduce the stress associated with the unfamiliarity towards
the researchers.

e Researchers will adhere to the least stressful procedures for the animals, where
possible. For example, micro sampling of random blood glucose by tail vein prick
will be carried out for routine glucose level checks as opposed to overnight fasting
(for fasting glucose levels) and invasive blood vessel cannulation. Another example
is that we have modified the protocol to induce diabetes by reducing the acute
toxicity and mortality without compromising the incidence of diabetes in the treated
animals. This is by pre-mixing the STZ in citrate buffer for an hour prior to injection
into the animals. Contrary to most of the published literature, we found that the
anomer equilibration that result from such pre-mixing reduces the high toxicity of the
a-anomer as also suggested by a few other publications (J Am Assoc Lab Anim Sci.
2010 Jan;49(1):40-4.).

e At all instances special care will be taken to prevent and reduce animal suffering
caused by the experiments. In experiments known to cause some degree of harm,
the researcher will work closely with the animal care team ensuring that the general
body condition and any signs of stress are recorded and remedial steps taken as
soon as possible. To this end, a body condition score sheet will be made available
on which all findings are recorded.

o We will work closely with the Named Veterinary Surgeon (NVS) and the Biological
Services to help us refine our procedures and for advice while planning new
procedures.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

For general guidance on compliance to best practice in conducting and reporting research
on animals:

Planning Research and Experimental Procedures on Animals: Recommendations for
Excellence (PREPARE) guidelines

As well as the best practices published in our field:

(E.g. Batker HE, Hausenloy D, Andreadou I, Antonucci S, Boengler K, Davidson SM,
Deshwal S,Devaux Y, Di Lisa F, Di Sante M, Efentakis P, Femmino S, Garcia-Dorado D,
Giricz Z, Ibanez B, lliodromitis E, Kaludercic N, Kleinbongard P, Neuhauser M, Ovize M,
Pagliaro P, Rahbek-Schmidt M, Ruiz-Meana M, Schliter KD, Schulz R, Skyschally A,
Wilder C, Yellon DM, Ferdinandy P, Heusch G. Practical guidelines for rigor and
reproducibility in preclinical and clinical studies on cardioprotection. Basic Res Cardiol.
2018 Aug 17;113(5):39.)
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For choosing appropriate models of cardiovascular disease:

We will use the established models available in peer-reviewed publications, as appropriate
to answer the questions we are trying to address - with refinements/ updates implemented
if it supports the 3Rs (e.g., Lindsey ML, Bolli R, Canty JM Jr, et al. Guidelines for
experimental models of myocardial ischemia and infarction. Am J Physiol Heart Circ
Physiol. 2018;314(4):H812—-H838. doi:10.1152/ajpheart.00335.2017.

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

We will stay informed about advances in 3Rs by keeping track of refinements in
techniques published in the literature and also by discussions with other research teams
undertaking similar techniques and experiments. In our experience, we have found that
involving the animal care technicians, the Institute's Animal Welfare Officers and the
Named Veterinary Surgeon in the experimental planning phase is extremely helpful in
implementing small but significant refinements to our procedures resulting in considerable
improvement in animal experience. This may be as small a change as the bedding
material to as significant as changing the route of drug administration and improving post-
treatment monitoring. Additionally, we will make use of information available in resources
such as NC3R's website to identify useful modifications with the view of refining and
replacing animal use in research.

A retrospective assessment of refinement will be due by 23 September 2031
The PPL holder will be required to disclose:

e With the knowledge you have now, could the choice of animals or model(s) used to
be improved for future work of this kind? During the project, how did you minimise
harm to the animals?
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13. Mechanisms of Progressive Cardiac Dysfunction

Project duration

5 years 0 months

Project purpose

e (a) Basic research
e (b) Translational or applied research with one of the following aims:
o (i) Avoidance, prevention, diagnosis or treatment of disease, ill-health or
abnormality, or their effects, in man, animals or plants

Key words

Heart failure, Heart metabolism, Hypertrophy, Cardiac remodelling, Therapy

Animal types Life stages

Mice Embryo and egg, Neonate, Juvenile, Adult,
Pregnant adult, Aged animal

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

e Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

This project aims to identify key mechanisms involved in the development of different
types of heart failure so as to identify novel targets for new therapies.

A retrospective assessment of these aims will be due by 16 September 2031

The PPL holder will be required to disclose:
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¢ Is there a plan for this work to continue under another licence?
¢ Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

Heart failure (HF) is a condition where the pumping function of the heart becomes weak
and leads to difficulty in undertaking physical activity and an increased risk of death. It
affects up to 2% of the adult population in western countries. Patients with HF become
breathless on exertion, develop swelling of the legs, and have repeated hospital
admissions. HF becomes more common as people age. We still do not fully understand
why HF occurs but this information is essential in order to develop effective treatments for
the condition. Many different diseases can cause HF, such as high blood pressure,
narrowed or leaking heart valves, loss of heart muscle due to heart attacks, diabetes and
overweight. These different conditions cause HF in different ways and may therefore
require different treatments. For example, high blood pressure leads to thickening of the
heart chambers (hypertrophy) whereas leaking valves lead to dilated heart chambers. The
amount of scarring (fibrosis) in the heart may also vary according to the condition that is
causing HF. Heart failure with preserved ejection fraction (HFpEF) is a type of HF where
the heart becomes stiff and has difficulty in filling; this also requires different treatment.
The metabolism of the heart (how it deals with nutrients) is an especially important
process for its normal function or development of HF. This project will identify the different
mechanisms that underlie the development of different types of HF. It focuses particularly
on the metabolism of the heart, in other words the processes involved in changes in the
heart’s structure and function. The work is essential to develop effective new therapies.

What outputs do you think you will see at the end of this project?

This research will help us better understand how the heart changes and adapts when it is
under stress from disease, and why these changes sometimes lead to heart failure. We
are especially interested in how the heart’s energy systems influence these changes, and
in identifying the key factors that determine whether the heart adapts in a healthy way or in
a damaging way. By doing this, we hope to identify new targets for treatments.

We will also carry out early experiments in living systems to test these ideas. The results
could lay the groundwork for new ways to treat heart disease. This is urgently needed, as
heart failure affects a large number of adults and creates a major burden for health
services in the UK and worldwide. Current treatments are limited, so better options are
essential.

The results of this project will be shared widely through open-access publications, talks
and posters at conferences, and will also generate new knowledge that could support drug
discovery and the development of future treatments.
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Who or what will benefit from these outputs, and how?

Results obtained in this project will be published in open-access journals throughout the 5-
year period and will therefore add to the body of publicly available knowledge for the wider
scientific and clinical community. We will also share our findings through talks and
presentations at seminars and conferences, so that other researchers working on heart
failure, including those developing new treatments, can benefit from our work.

A significant focus of the project is to discover new medicines for treatment. We therefore
expect that in the longer-term this work will help people with heart failure live longer and
feel better, and reduce the impact of this serious condition on patients, families, and
society as a whole.

How will you look to maximise the outputs of this work?

All publications will be open access. Both positive and negative findings will be published.
ARRIVE and PREPARE guidelines will be followed for publications to maximize in vivo
information in research articles. New findings will be disseminated at national and
international conferences and seminars.

Our group has extensive national and international collaborations which will further
enhance dissemination. We also host visits from other researchers for them to obtain
direct exposure to our work.

Species and numbers of animals expected to be used

e Mice: 23,500

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

The study will be performed using mice for several reasons. Information on the role of new
signalling pathways involved in heart failure that is obtained in rodents is generally
translatable to the human disease because of conservation of key pathways in mammals.
Methods to induce experimental models of human diseases are available and established
in these species as are state-of-the-art methods to quantify the features and severity of
heart failure in a similar manner to human patients. Genetic alterations that allow the study
of specific biochemical pathways in the animal and the role of such pathways in disease
are readily feasible. Pregnant animals, neonates and juveniles are used for breeding
purpose. The majority of work will be undertaken using young adult mice, but a small
proportion of animals will be allowed to age up to 2 years in order to observe longer term
age associated effects that may occur without surgical induction of stress.

Typically, what will be done to an animal used in your project?
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In this project, animals may undergo procedures that gradually lead to heart failure so
that we can understand how heart disease develops. This may involve surgery under
general anaesthesia, such as narrowing a blood vessel near the heart or removing one
kidney, or giving drugs that raise blood pressure by affecting hormones or salt balance.

In some animals, we will instead study how the heart responds to regular exercise. In other
studies, mice will be allowed to live for up to two years so we can understand how ageing
contributes to heart disease. Some animals will be genetically modified to help us study
the role of specific proteins in heart function and disease.

Heart health will be checked regularly using non-invasive techniques, such as ultrasound
scans, which do not cause pain. In some cases, animals may be given additional
substances to help us better understand the biological processes involved.

Animals are checked regularly, and if they show signs of suffering, they are humanely
killed to prevent distress. Typically, animals that have undergone surgery or drug
interventions are followed up for a maximum of 4 months. The number of procedures will
be kept to the minimum necessary to pursue the main objectives.

What are the expected impacts and/or adverse effects for the animals during your
project?

Expected impacts are the gradual development of chronic heart failure. In the majority of
protocols, the period of analysis will involve stages of cardiac remodelling that occur
before the development of significant clinical signs of heart failure. Any animals that do
develop such signs will be promptly managed as outlined under the individual protocols or
will be humanely killed as appropriate so that the duration of such effects is expected to be
less than 1 day. There may be a small proportion of early peri-operative complications that
will either be successfully and quickly resolved or require early culling, so that the duration
is expected to be less than 1 day (please also see the response to the next question).

The risk of animals dying during surgery is less than 25% for procedures involving the
chest (thoracic aortic constriction) and less than 10% for procedures involving the
abdomen (abdominal aortic banding). Among those that survive, up to 20% (thoracic) and
up to 10% (abdominal) may go on to develop heart problems earlier than expected,
sometimes without showing obvious warning signs. Around 10% of these animals may be
found dead suddenly.

For other procedures used to promote heart disease, such as removing one kidney, the
overall risk of death is about 15%. Most animals that develop serious problems during
surgery are identified while still under anaesthesia. These animals will not be allowed to
wake up but will instead be humanely killed at that time.

In rare cases, animals may develop sudden and severe heart problems (such as impaired
breathing and reduction in mobility) soon after surgery. If this happens, they will also be
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humanely killed. Importantly, the studies are not designed to allow animals to reach a
stage of severe heart failure— steps are taken to prevent this from happening.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

Overall, the expected severities will be: 55% mild, 30% moderate and 15% severe.
Animals in protocols with no surgery will experience a mild to moderate severity (e. g.
ageing mice). The maijority of animals in protocols with surgery will have a moderate
severity. Some animals will have a severe severity and this is expected to be a sudden
death due to cardiac issues that cannot be prevented through refined humane end points.

What will happen to animals used in this project?

* Killed
¢ Used in other projects

A retrospective assessment of these predicted harms will be due by 16 September
2031

The PPL holder will be required to disclose:

» \What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

Heart failure is a complicated disease that affects many parts of the body. It develops
slowly over time and involves changes in blood pressure, blood flow, metabolism,
inflammation, tissue structure, and even how cells use energy and survive. Because of this
complexity, there are currently no alternatives to using animal models to study heart
failure. Animal studies are needed to understand how the disease develops and to find
better ways to treat it.

Which non-animal alternatives did you consider for use in this project?

We have used computational modelling, cell culture and engineered heart tissues (EHT) to
study heart failure. Although the development of organs-on-chip (OoC) has revolutionised
cell-culture experiments by allowing a better mimicry of human physiology and
pathophysiology, especially to study a specific mechanism, currently there is still a
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challenge for cardiovascular OoC platforms to reproduce the full picture of slowly
developing cardiovascular diseases such as heart failure which affect the whole body.
Similarly, computational modelling cannot predict complex tissue interactions or
physiological changes although we do use human databases to verify any targets we
identify in human populations before considering using an animal model.

Why were they not suitable?

These models are unable to fully recapitulate the integration and interrelationship between
different cell types in the heart, between the heart and the vasculature, and between the
cardiovascular and other body systems - all of which are important in chronic heart failure.
This integrated picture which directly impacts on the clinical presentation of the condition
cannot be studied in cell culture studies nor is it amenable to computational modelling due
to the numerous uncertainties/unknowns regarding interlinked mechanisms. However, we
will complement animal studies with cell culture studies (including heart cells derived from
human stem cells) to further study specific mechanisms in greater detail, once identified
from the animal experiments.

A retrospective assessment of replacement will be due by 16 September 2031
The PPL holder will be required to disclose:

e What, if any, non-animal alternatives were used or explored after the project
started, and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

The experiments have been carefully planned using sound statistical methods and good
laboratory practice, and the plans have already been strictly reviewed as part of the grant
approval process. Each experiment is designed to gather as much useful information as
possible while using the fewest animals needed.

Breeding and maintaining animals often account for the largest numbers in a research
project over 5 years. This is because animals need to be bred to produce enough with the
right age, sex, or genetic background for experiments. Not all animals born will be suitable
for use—for example, some may not carry the required genetic change. These animals are
still counted in the overall numbers, even if they are not used directly in experiments.

Most of the information we collect is numerical, which means they can be properly
analysed using well established statistical methods. The number of animals required will
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depend on the type of experiment and the natural variation in the results. In some cases,
extra animals are needed for breeding, particularly when working with genetically modified
mice. For example, in one part of the study we need animals both to study new genetic
lines and to monitor how they change with age.

For other experiments, such as examining tissues under the microscope, we will only use
the smallest amount of material needed to provide a clear and reliable description.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

The experimental design implements repeat measures (for example advanced non-
invasive ultrasound assessments) that are taken “in life” in each animal to track disease
progression without killing the animal, which significantly reduces the total numbers
required. Repeated assessments also reduce experimental variability by allowing
comparisons at different time points in the same animal. At the end of the experimental
period, when animals are humanely killed, we have developed efficient protocols that
ensure the maximum possible experimental data are obtained using tissues. This also
significantly reduces the total numbers of animals required.

We will continue to take advantage of the experimental design tools to keep numbers low
e.g. NC3Rs. Online advice resource portal. https://www.nc3rs.org.uk/topic-specific-
resources-0. The experimental design assistant will also be used.

We use enough animals in each experiment to make sure the results are reliable and
meaningful, without using more animals than necessary. For example, if we want to
compare four groups and detect a meaningful difference between them, we calculate the
number of animals needed so that the results are likely to show real differences rather
than just random variation. In this case, about 8 animals per group would be enough to get
trustworthy results.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

Breeding of experimental animals will be set up to ensure that litters contain both test and
control animals to ensure that the least number of animals are bred for any specific
experimental purpose. We use Mouse Colony Management System (MCMS) which helps
track mouse colony size and management more efficiently.

For many studies, non-invasive techniques that allow follow-up assessment of cardiac
function in the same animal will be used, allowing reduction in numbers. This is especially
valuable when assessing the impact of medicines aimed at preventing or slowing CHF.
Where possible, additional information will be obtained from studies in cultured cells. For
gene-altered animals, where suitable lines already exist (established by searching
databases), animals will be obtained from the relevant supplier rather than breeding the
animals ourselves.

A retrospective assessment of reduction will be due by 16 September 2031
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The PPL holder will be required to disclose:

¢ How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

Small animal models (mice) will be used. Although mice are small, advanced techniques
such as ultrasound scans, MRI, and heart monitoring allow us to study their heart and
circulation in ways very similar to how these are studied in people. The methods we use to
cause heart changes in mice are well established and closely mimic the main causes of
heart failure in humans.

Choice of models and methods:

e Aortic constriction. This is the most common way to create high blood pressure in the
heart. We use a refined, less invasive technique that avoids open-chest surgery and
lowers the risk to the animals.

e Drug treatment. Certain medicines can be used to mimic high blood pressure caused
by hormonal changes or sensitivity to salt, both of which are common in people.

e HFpEF model. By combining high blood pressure with a special diet, we can reliably
reproduce a type of heart failure (HFpEF) that is very common in people but still has
few proven treatments.

e Ageing. Getting older is one of the main risk factors for heart failure, usually in
combination with another risk factor. In some studies, mice will be allowed to live up to
2 years so we can study how ageing contributes to heart disease. This increases the
relevance, accuracy, and translational value of findings compared to studies in young
mice.

The methods to be used to obtain experimental measures in living animals are the most
refined available for the assessment of cardiac structure and function in mice. This
includes state-of-the-art ultrasound and MRI imaging techniques, some of which we have
developed and published ourselves. In some cases, when animals are humanely killed at
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the end of a study, we will use the gold-standard method for measuring heart pressure and
function to gain the most accurate information.

Some treatments will be given without surgery. These include medicines and specially
designed viral vectors. Viral vectors are harmless, modified viruses that act as delivery
vehicles for genes. The type we will mainly use is based on adeno-associated virus (AAV),
a tiny virus that does not cause disease but can enter heart muscle cells very effectively.

All surgical procedures will be carried out under sterile conditions by trained and fully
competent staff, using appropriate pain relief and following guidance published by LASA.
After surgery, animals will receive the highest standards of care, including frequent
monitoring and veterinary support when needed.

In the first 24 hours after surgery, animals will be checked closely. Their temperature,
weight, wound site, hydration, and signs of pain or distress (signs of pain and distress
include lethargy, piloerection, hunched posture, vocalisation) will be carefully monitored,
and pain relief will be given according to a plan agreed with the Named Veterinary
Surgeon (NVS). Animals will be reviewed at the end of the working day on the day of
surgery. If any animal is likely to suffer overnight, it will be humanely killed.

Ongoing care may include warmth, pain relief, hydration gels, and soft food. Complications
such as wound infections are rare, but if they occur, animals will be treated as advised by
the NVS. Animals that are in a poor clinical condition will be culled within 24 hours if there
is no improvement after intervention. In very rare cases where stitches do not heal
properly, minor procedures may be carried out under light anaesthesia to prevent stress.
Throughout the study, we will work closely with the veterinary team and seek advice
whenever there are any welfare concerns, to ensure animals receive the best possible
care.

During the chronic progression to heart failure in aged mice, animals will continue to be
carefully monitored and any that are in a poor clinical condition will be culled within 24
hours if there is no improvement after intervention.

Why can’t you use animals that are less sentient?

Less sentient animals, like worms or fruit flies, are simpler and do not have hearts or
circulatory systems that work like humans. Because heart failure is a complex disease
involving the heart, blood vessels, kidneys, and other organs, these simpler animals
cannot show the full range of changes that happen in the disease.

Mice, on the other hand, have hearts and circulatory systems that are much more similar
to humans. They also have similar organ interactions and can develop heart failure in
ways that resemble the human condition. This makes them much better models for
studying how the disease develops and for testing new treatments. In addition, the other
advantage of using mice is the wide availability of genetically altered lines or the ease of
their generation, allowing the impact of specific genes to be examined far more
specifically than achievable with most pharmacological tools.
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How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

All surgical procedures under all Protocols will be conducted under aseptic conditions, with
appropriate analgesia, the highest levels of post-operative care and enhanced monitoring
in line with local NVS and BSF best practice guidance. All surgical techniques are kept
under constant review in order to use the most refined methods. Inhalational anaesthesia
is the default method which is a refinement that allows for improved recovery time from
anaesthesia. Surgery for thoracic aorta constriction utilizes a minimally invasive method
without the need to open the chest cavity, this is a major refinement which reduces
mortality compared to the open chest method. A recent refinement in all surgical
techniques is the use of surgical glue to minimize wound dehiscence. Post recovery
refinements include the use of gradient heated recovery areas that allow the animal to
move away from the heat source. As the major component of mortality or expected side-
effects are in the first 24 hours after surgery, animals will be closely monitored at frequent
intervals during this period. Animals will be reviewed at the end of the working day on the
day of surgery and any considered likely to die overnight will be euthanised. Any animal
that is observed to be in pain or distress will receive analgesia via a predetermined regime
agreed in advance with the NVS along with other supportive measures including warmth
and wet mash. In the days after surgery animals will be monitored at least twice daily.
Careful attention will be paid to heating, analgesia, body weight, surgical wound-sites,
hydration, and signs of pain or distress.

Since heart failure develops slowly, disease progression needs to be followed for several
weeks. Likewise, some animals will be allowed to age for up to 2 years. In the later stages
of heart failure, animals can show signs such as weight loss, low energy, and rapid
breathing. Animals will be carefully and regularly monitored for the development of these
signs. Importantly, animals will not be allowed to reach these severe stages. Any clinical
problems will be dealt with in consultation with the veterinary surgeon. In addition, older
animals will be weighed regularly starting from the age of 6-12 months, depending on the
strain. They will also be checked bi-weekly for the signs of tumours or skin problems.
Animals will be humanely killed if they lose 20% of their body weight, if a tumour is
detected, or if a skin condition causes more than mild discomfort. Animals that undergo
exercise regimens will be carefully monitored to avoid exhaustion, data will be regularly
reviewed so that duration and frequency of exercise regimens can be reduced where
possible.

In all cases, data output will be kept under regular review and regimens reduced/refined
wherever feasible, where it does not affect robustness of the results, this includes the use
of Sham surgeries.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

The NC3R’s, publishes several resources including the ARRIVE guidelines (Animal
Research: Reporting In Vivo Experiments), and the EDA (Experimental Design Assistant)
which are made available to researchers throughout experimental design processes and
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reviews, and Tech3R's for those carrying out regulated procedures and animal handling.
The PREPARE guidelines (Planning Research and Experimental Procedures on Animals:
Recommendations for Excellence) will also be followed. The LASA Good Practice
Guidelines on Administration of Substances (techniques for dosing) will be followed. The
Home Office Animals (Scientific Procedures) Act 1986 (ASPA) and Code of Practice for
the Housing and Care of Animals Bred, Supplied of Used for Scientific Purposes
(published 2014) are used to ensure legal compliance with the Standard Conditions of all
license holders and animal users.

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

All researchers and animal users will be kept up to date on advances by journal reviews,
reading published information or updates, and by systematic review of processes with
implementation of any appropriate refinements or improvements where possible and
required. Training and additional resources will be made available to all staff throughout
the project.

We will monitor the NC3R’s website, receive guidance from AWERB and keep up to date
with published literature. Good communication will ensure cascade of information to PIL
holders, this will include discussion of the 3Rs with colleagues.
A retrospective assessment of refinement will be due by 16 September 2031
The PPL holder will be required to disclose:

e With the knowledge you have now, could the choice of animals or model(s) used

be improved for future work of this kind? During the project, how did you
minimise harm to the animals?
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14. Non-clinical evaluation of implants and medical
devices

Project duration
5 years 0 months
Project purpose

e (a) Basic research
¢ (b) Translational or applied research with one of the following aims:
o (i) Avoidance, prevention, diagnosis or treatment of disease, ill-health or
abnormality, or their effects, in man, animals or plants
o (ii) Assessment, detection, regulation or modification of physiological
conditions in man, animals or plants
¢ (c) Development, manufacture or testing of the quality, effectiveness and safety of
drugs, foodstuffs and feedstuffs or any other substances or products, with one of
the following aims mentioned in paragraph (b)

Key words

Toxicology, Efficacy, Biocompatibility, Implants, Biomaterials

Animal types Life stages

Rats Juvenile, Adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

¢ Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?
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The aim of the project is to assess the possible toxicity potential, biocompatibility and
efficacy of medical devices and implants.

A retrospective assessment of these aims will be due by 17 September 2031
The PPL holder will be required to disclose:

e Is there a plan for this work to continue under another licence?
e Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

It is important to generate scientifically valid toxicological, biocompatibility and efficacy
data that can be used in determining the safety and efficacy of novel biomaterials and
implants to progress them to regulatory work and to satisfy the regulatory authorities prior
to potential therapeutic use in humans.

What outputs do you think you will see at the end of this project?

The key output of the work under this licence is to be able to eliminate novel biomaterials,
medical devices and implants, early in their development, that induce unacceptable toxic
side effects in pre-clinical species and to select those with the acceptable biocompatibility
and efficacy profiles before they are used in humans. Experimental results might be
shared with scientific community through publications and collaborations and will lead to
optimised timelines and expenditures in development and production of novel treatments.

Short-term benefits, achieved within the life of the project, will include the provision of high
quality and robust pre-clinical data that will facilitate the rapid identification and selection of
the best biocompatible implantable materials and avoid any unnecessary and wasteful in
vivo tests being applied to non biocompatible implants. The main purpose of the project is
to establish local tolerance, general toxicity, and efficacy properties of novel implants to
identify the most biocompatible variants to be used in “first in-man” studies, this will not
only help protect humans but will also safeguard funds which can be used to advance
other materials of interest, thus maintaining study integrity. The immediate benefit would
be the knowledge to inform further product development. Additionally, financial income
from the research work will allow Company to re-invest in facilities, the most current
equipment, training of staff in new relevant techniques to improve delivery of 3Rs.

For the mid-term benefits, achieved within 2-7 years, studies performed under the
authority of this licence will allow identification of biomaterials suitable for further
development towards use in human trials prior to administration to clinical patients.
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Long-term benefits will be achieved mostly at the human trials stage and beyond and will
include the identification of the final composition and product design that is likely to provide
optimum efficacy in human trials and clinic. Other long-term benefits lie outside the direct
control of this project licence, however, ultimately, this project is expected to contribute to
the treatment and prevention of conditions in the clinical field through screening out non-
biocompatible materials and allowing only effective biocompatible treatments to be further
developed for the benefit of the patients.

Who or what will benefit from these outputs, and how?

In the short term, the programme of work is expected to identify a number of materials and
implants that lack biocompatibility, preventing them from progressing further in the
development pipeline. At the same time, the work will highlight materials with potential
suitability for future clinical evaluation. This generated knowledge will be of direct benefit to
the client pharmaceutical research organisations, scientific community and organisations
involved in biomaterial development.

Generated discovery data will provide researchers with clearer insight into the biological
and toxicological responses to emerging biomaterials. By identifying unsuitable materials
at an early exploratory stage, the programme will support a reduction in unnecessary
animal use, as other research groups will be able to avoid conducting in vivo studies on
materials already shown to be non-biocompatible. This will enhance scientific efficiency,
strengthen the evidence base, and will help guide innovation more effectively across the
biomaterials field, benefitting scientific community and organisations developing
biomaterials. The results from the regulatory-focused experiments will also assist
decision-making by bodies responsible for overseeing the introduction of new biomaterials,
medical devices, and implants into clinical practice. Early elimination of materials that do
not meet biocompatibility requirements will enable research organisations to conserve time
and resources, delivering both medium- and long-term benefits.

In the longer term - beyond the immediate scope of this project but supported by its
findings - the animal data generated will contribute to more accurate benefit-risk
assessments for implantable materials. This will provide regulatory stakeholders and
clinicians with essential information to support safe approval, clinical application, and
ongoing patient care. Ultimately, this will help accelerate the translation of effective new
treatments, improve existing therapies, and continue to reduce avoidable reliance on
animal research through better-informed development pathways.

How will you look to maximise the outputs of this work?

We follow a proactive publishing policy as it is in the interest of the business to develop
new methodologies and to refine pre-clinical research in order to raise the scientific profile
of the organisation. It is anticipated that even though there will be limited opportunities for
publishing obtained scientific data that is part of confidential early stages in product
development, we will make every effort to partner with our clients to publish relevant data
output whenever possible for the wider scientific community to facilitate
knowledge-sharing, method refinement, and improve feedback loops with 3Rs

185|Page



i

Home Office

improvements. Our participation in the grant-funded projects and collaborations with
academia have however resulted in publications, and it expected that will continue in the
future from work carried out under authority of this licence. In any case and whenever
possible we will try to disseminate our knowledge. Our aim would be that from our service
work we would look to present short communications or posters at dedicated meetings, for
example highlighting any developments in methodologies related to the 3R’s.

Species and numbers of animals expected to be used

e Rats: 250

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

Rats, as species of the lowest acceptable order, are the research species models of
choice in biomaterial discovery and development due to their size and substantial amount
of literature data already available. The life stages used in the research will be juvenile and
adult, as these animals are independent, have high levels of exploratory and social
behaviour, and organs in juvenile animals are still maturing, which can reveal toxic effects
that would be missed in adults. These models have been used and validated extensively,
and have provided much of our knowledge to date in toxicology studies which we plan to
utilise to generate the package of high quality, robust and incisive non-clinical data that we
aim to provide. The choice of animals are also dictated by the widely accepted scientific
standards, where the use of rodents is required prior to clinical trials.

We will continuously monitor the literature to implement the latest animal husbandry
legislation and practices. Furthermore, we will minimise animal suffering by using the most
advanced technologies where possible, like appropriate anaesthetics, pain relief and
infection control.

Typically, what will be done to an animal used in your project?

The potential biomaterials for implants and medical devices will be assessed in laboratory
studies and optimal biomaterials will be selected for the use in animal research. Prior to
any experiments, animals will be acclimatised, and an appropriate social housing with
standard temperature, humidity, and lighting cycles and environmental enrichment with
unrestricted food and water will be provided, unless specific short-term fasting is required
for anaesthesia or a defined procedure (and only when justified).

In most cases, small groups of animals will be implanted subcutaneously with the small
samples of potential biomaterials, for example, plastics, nanomaterials, or polymers,
functionalised with bioactive molecules, which can improve tissue growth or wound healing
to assess biocompatibility, local inflammatory response, early systemic toxicity or gross
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behavioural or clinical changes. The surgical procedure will be done under the general
anaesthesia and aseptic minimally invasive surgical conditions, with the postoperative pain
relief provided. Local anaesthesia may be used in combination with general anaesthesia if
appropriate.

Substances administered include anaesthetic agents (inhalational or injectable)
appropriate for the species and procedure, analgesics as required for any procedure
expected to cause pain or discomfort, sterile saline where necessary. No experimental
systemic drugs are planned unless directly required to characterise biomaterial toxicity.

Animals will be observed at increased frequency post-operatively and then at least daily
for welfare, behaviour, and to establish toxic side effects of the biomaterial and whether
biomaterial had any negative health effects.

If subcutaneous studies indicate no or acceptable toxicity, biomaterials may be assessed
in an orthotopic site (e.g. around or within peripheral nerves as experimental nerve
conduits). These procedures will evaluate biointegration, nerve repair or regeneration,
functional effects (e.g. return of movement or sensation, where relevant). Analgesics will
be provided pre-emptively and post operatively in accordance with veterinary advice and in
line with the prospective severity classification.

Each animal will be subjected to only one experiment to minimise cumulative exposure
and to reduce potential negative effects of the unknown potential biomaterials.

During experimental duration small blood samples can be taken from an animal, typically
at the beginning and at the end of the experiment, to assess systemic responses, including
whether any toxic metabolites or inflammatory markers are present.

Experiments can last either for a short duration, e.g. from one day up to one week, if
immediate effects of potential biomaterials need to be studied, such as immediate
reactions, acute toxicity and early tissue responses, or a longer duration, e.g. for one to
several months, if biointegration, tissue regeneration, function restoration or cumulative
effects and long-term effects of the biomaterials need to be established.

At the end of experiment animals will be humanely killed using Schedule 1 method or
under terminal anaesthesia and organs will be collected to be studied under the
microscope to see whether the implant has affected tissues even if animal did not show
any unusual behaviour or side effects during experiment.

What are the expected impacts and/or adverse effects for the animals during your
project?

All procedures will be carried out by trained, experienced and competent members of staff,
therefore non-specific adverse effects from handling animals and experimental procedures
will be minimised or eliminated.

Surgical procedures and the following wound healing process might cause transient pain
and discomfort, however these will be controlled with appropriate anaesthetic and
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analgesic substances. Specifically, all animals undergoing subcutaneous surgical
interventions will experience mild to moderate effects of pain and discomfort, which could
last for a few days. Nerve injury surgical procedures could cause moderate to severe pain
and loss of function of the affected extremity, which could last up for several weeks during
nerve regeneration process, therefore an appropriate anaesthetic and analgesic schedule
will be implemented with provision of soft bedding and easier accessible food.

It is envisaged that some implants may cause discomfort due to their composition,
toxicological and biocompatibility properties, but only a fraction of animals will be affected
by the nature of implanted materials themselves, as these will typically be refined during
previous experimental work. Animals may experience adverse effects such as reduced
activity, abnormal behaviour, reduced food or water intake resulting in weight loss for the
duration of implantation.

Animals will be monitored frequently throughout the study period and if any animal
displays signs of pain or discomfort, such as changes in feeding, drinking or movement, or
if the general state of health deteriorates from normal, e.g. non-socialising, excessive
aggression or unusual behaviour, the therapy and pain relief procedures will be provided
for each animal. In rare cases when pathological condition cannot be alleviated by
therapeutic measures, animals will be humanely killed using Schedule 1 method or under
terminal anaesthesia to prevent any further unnecessary suffering.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

100% in Protocol 1 experience moderate severity due to surgery and anaesthetic
procedure for material implantation.

100% in Protocol 2 experience severe severity due to to nerve transection, surgery and
anaesthetic procedure for material implantation.

We can predict the implanted material itself could only contribute a mild to moderate
severity level due to possible toxic potential, as it is difficult to predict which implants and
at what stage of development will cause side effects.

Whenever possible, studies will be designed and implemented to achieve the lowest
possible level of severity, for example subcutaneous implantation could be utilised prior to
or instead of the orthotopic implantation, where possible.

What will happen to animals used in this project?

e Killed

A retrospective assessment of these predicted harms will be due by 17 September
2031
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The PPL holder will be required to disclose:

e What harms were caused to the animals, how severe were those harms and how
many animals were affected?

Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

While preliminary structured literature search, computer modelling and in vitro experiments
with animal and human cells and "organ-on-chip" systems can give us basic
understanding of biomaterials and will allow to eliminate those unsuitable for implantation,
however these methods cannot replicate the complexity of full-body responses to
implanted biomaterials. It is of paramount necessity to determine the behaviour and
assure safety of novel implants in living systems to minimise the fatal risks to human
patients. It is also important to select the most appropriate implantation techniques and
schedules to achieve a maximum therapeutic effect to cure various diseases without
causing any unwanted side effects. Whole body assessments as described in this licence
are therefore required by statute by regulatory authorities before prospective implants can
be used in humans.

Which non-animal alternatives did you consider for use in this project?

The use of available databases for non-animal alternative assessment methods, such as
National Centre for the Replacement Refinement & Reduction of Animals in Research
(NC3Rs), Systematic Review Facility (SyRF), Norway's National Consensus Platform
(Norecopa), EU Reference Laboratory for alternatives to animal testing (EURL ECVAM)
with search terms such as "non-animal biocompatibility assessment", chemical analogues,
known toxicological profiles of related materials, a structured review of alternatives such
as computer modelling and laboratory studies with organoids, isolated human cells,
tissues and "organ-on-chip" systems, non-protected species, epidemiological data, etc. will
be used for initial toxicity assessment. This information will be taken into account to either
completely eliminate the need for an animal toxicological work (e.g. with known
toxicants/irritants or non-tolerated implants), or significantly reduce the number of animals
or potential side effects of the tested materials proposed for human use.

Why were they not suitable?

Whilst laboratory systems are essential for early screening of new biomaterials, they
cannot reproduce the full range of interactions that occur when an implant is placed into a
living body. Computer models and cell or tissue cultures only represent isolated
components of biology. They lack the coordinated activity of whole physiological systems,
such as the combined responses of immune cells, blood vessels, nerves, supporting

189 |Page



i

Home Office

tissues, and organ-level functions that influence how an implant behaves once it is inside
an organism.

These laboratory systems can reliably identify basic material properties and some early
toxic effects, and they will replace the need for animals in the earliest stages of selection.
However, they cannot model the implant-organ and implant-organism integration
processes that determine whether a device becomes safely incorporated into living tissue,
triggers unwanted inflammation, affects blood supply, alters nerve function, or leads to
long-term degradation by the body. Such outcomes depend on hundreds of cell types,
thousands of signalling pathways, and whole-body physiological responses that no current
non-animal model can fully replicate.

Even when a material performs well in laboratory assays, these tests cannot detect
unanticipated effects that only emerge in the intact organism, including systemic toxicity,
multi-organ interactions, or long-term inflammatory changes. For this reason, animal
studies remain necessary for the later stages of evaluation, where the goal is to
understand integration with complex tissues and to rule out harmful whole-body effects
that cannot be predicted using laboratory systems alone.

A retrospective assessment of replacement will be due by 17 September 2031
The PPL holder will be required to disclose:

e What, if any, non-animal alternatives were used or explored after the project started,
and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

A typical study will involve two experimental groups: a test group receiving the intervention
and a control group receiving either standard care or a sham procedure, depending on the
scientific question. Each group will typically include 5 males and 5 females to ensure both
adequate statistical power and the ability to detect sex-related differences.

Selection of experimental and control groups is based on the specific biological hypothesis
being tested. Controls are included in every study to provide a valid baseline for
comparison, and to distinguish treatment effects from normal biological variation.

Group size determination is informed by effect sizes and variability observed in our
previous studies, which demonstrated meaningful differences while keeping animal use to
the minimum necessary.
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Where existing data are insufficient to justify a group size, pilot studies involving the
smallest possible number of animals will be undertaken to refine estimates of variability
and confirm feasibility before larger studies proceed.

To ensure robustness, variability will be minimised by using randomised animals of similar
age and health status, standardising housing and handling conditions, and ensuring that
surgical and procedural techniques are performed by trained, competent staff following
refined protocols.

Randomisation will be applied when allocating animals to test or control groups (e.g., using
a random number generator) to avoid selection bias. Blinding will be used wherever
possible, for example by ensuring that personnel performing assessments or analysing
data are unaware of treatment allocation.

Comparisons between groups will be conducted using appropriate statistical methods
(e.g., t-tests or ANOVA, depending on study design) to assess whether observed
differences are greater than expected by chance. Statistical plans will be defined before
each study begins.

Based on previous and projected workload, we anticipate carrying out approximately two
studies per year for the duration of the project.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

For experimental planning and implementation, we will aim to follow “Planning Research
and Experimental Procedures on Animals: Recommendations for Excellence” (PREPARE)
guidelines, NC3Rs Experimental Design Assistant (EDA) or equivalent tools to ensure
scientific validity of the work and reduction of wastage in animals, time and resources. In
our aim to reduce the overall number of animals used for the duration of this licence, and
as a good scientific principle, we always insist that there is a well-established scientific
rationale for undertaking any animal toxicology work and that prior laboratory data
supports such work. We will be using contemporary designs for toxicity testing where we
can derive a maximum amount of information from a minimum number of animals utilising
standardised housing, cage microenvironment, environmental control, and randomisation
procedures, allowing to minimise variability. Study objectives will include determination of
the most important clinical signs attributable to the test implant, time of onset and
remission of those signs. These objectives are achieved by means of a comprehensive
schedule of animal observations following implantation. To reduce animal use in toxicity
testing, studies will be normally carried out sequentially, with less invasive subcutaneous
implantation followed by a more invasive orthotopic implantation. This will allow the effects
of the in vivo implantation to be fully manifested and will allow selection of the subsequent
material modifications to provide the highest probability of contributing more useful
information. NACWO/NVS/NIO/AWERB committee may also be involved at the study
planning stage to advise on appropriate scientific approach for discovery toxicology
projects.
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What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

A small pilot study may be conducted to validate the proposed study design, refine
implantation techniques, or estimate biological variability. These pilots will use the
minimum number of animals necessary and will act as an early decision point: only if the
pilot confirms feasibility, acceptable welfare impact, and sufficient data quality will the full
study proceed. If pilot results indicate that the method or material is unsuitable, the study
will not progress, thereby preventing unnecessary use of additional animals.

A staggered or staged study progression will be used wherever possible. This means that
only a small number of animals or implants are tested initially under the less severe
protocols; subsequent cohorts or progression to more severe protocols will be utilised only
if results demonstrate acceptable performance, biocompatibility, and welfare outcomes.
This approach limits the number of animals exposed to ineffective or unsuitable implants
and ensures that scientific objectives can be met while keeping overall animal numbers as
low as possible.

To maximise reduction, we will make use of tissue sharing and surplus stock wherever
feasible. When animals are euthanised, tissues and organs not required for the study will
be made available to other ethically-approved projects within the establishment.

Animals will not be reused in other procedures, even if permitted by legislation, because
prior interventions or exposures could introduce confounding variables that reduce data
integrity. Avoiding reuse ensures that all results are scientifically valid and comparable
across groups and studies.

To avoid bias between experimental and control groups, all animals will experience
identical environmental and procedural conditions. Animals will be strain-, sex- and
age-matched and allocated to groups using randomisation methods. Blinding will be
applied wherever possible, particularly during outcome assessment and data analysis.
Where scientifically justified, a single shared control group will be used for multiple test
materials, further reducing overall numbers while maintaining valid comparative baselines.

We aim to include both sexes in study designs so that sex-dependent effects can be
identified. However, if preliminary data or scientific consensus indicate that sex is not a
relevant variable for a specific study, testing may be conducted in only one sex to minimise
animal use.

During the execution of the study, it may become evident that not all implants or test
materials are suitable to progress through all protocol steps and protocols due to toxicity,
poor performance, or biocompatibility concerns. Early termination of unsuitable materials
represents an additional reduction step, preventing unnecessary continuation and limiting
the number of animals exposed to ineffective or unsuitable materials.

A retrospective assessment of reduction will be due by 17 September 2031
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The PPL holder will be required to disclose:

e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?

Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

Procedures will be carried out in rats, as the least harmful model capable of answering the
scientific questions associated with implant performance and nerve-related biological
responses. Rats are widely used and well-characterised in peripheral nerve repair
research due to their comparable nerve anatomy, reliable regenerative capacity, and
extensive historical data. Their size allows technically precise implantation while still
enabling refined surgical techniques and minimal handling stress. Smaller species such as
mice do not provide sufficient nerve diameter for reproducible implantation, and larger
species would increase welfare burden without providing additional scientific advantage.
Thus, rats constitute the most refined and least impactful model capable of generating
valid, translatable data.

At the refinement stage we evaluated whether alternative in vivo methods could further
reduce harm, such as subcutaneous implantation, non-orthotopic material placement, or
short-term implantation models. It was concluded, that these approaches can be used as a
preliminary stage to provide initial knowledge on the material in vivo effects to refine and
optimise consecutive orthotopic implantation. However, these neither replicate the
physiological loading, innervation, vascularisation, or functional recovery of an orthotopic
site implantation, nor can advise on long-term tissue integration, inflammation,
regeneration, or implant degradation. As such, orthotopic implantation remains the method
of a choice that still yields meaningful and translatable outcomes, so in a minority of
studies, an orthotopic nerve-injury model may be required. This severe protocol is
specifically justified because it provides the only way to assess an implant’s functional
contribution to nerve repair, its effect on regeneration through a physiologically relevant
gap, and the behavioural impact of recovery. Without creating a defined injury site, it would
be impossible to evaluate whether the implant supports, hinders, or adversely modifies
nerve repair. No ex vivo or lower-burden in vivo method can replace the functional
information this model provides.

The overall premise of the licence is that the most refined, most relevant and least invasive
methods will be selected for each study. Whenever viable, models with lower severity
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(e.g., subcutaneous implantation with short implantation periods and minimal surgical
impact) will be used, and we expect that the majority of the work will fall within moderate
severity subcutaneous implantation protocol, and we will reduce severity whenever
possible by using refined surgical techniques, improved analgesia, and shorter study
durations.

Only when the scientific objectives cannot be achieved in a moderate subcutaneous
implantation model, a more severe method of an orthotopic nerve injury will be chosen
when it is essential for answering a well-defined scientific question related to nerve repair,
tissue integration, or functional restoration. Severity cannot be reduced further because
certain biological behaviours, such as axonal regeneration, foreign-body response, or
biomaterial degradation, can only be assessed in a living, innervated system under
physiological load, however, even then, every effort will be made to mitigate impact and
reduce the number of animals exposed.

Earlier endpoints cannot be used because many implants require a minimum in vivo
residence time to allow meaningful assessment of tissue integration, inflammation,
regeneration, or degradation. Terminating animals earlier would risk missing critical stages
of implant behaviour and would undermine the scientific validity of the work, ultimately
leading to more animals being used in repeated or inconclusive studies. Where feasible,
staggered study designs and interim assessments will continue to be used to reduce
exposure and limit numbers progressing to later stages only when justified.

Throughout all procedures, animals will be maintained in an optimal physiological state
through acclimatisation, careful peri-operative care with aseptic conditions, adequate
anaesthesia, multimodal analgesia, controlled temperature, standardised diet, hydration
support, and postoperative monitoring by trained staff. Housing, enrichment, and
environmental conditions will be optimised to reduce stress and to support recovery. When
the experimental question requires additional burden, such as single housing or orthotopic
implantation, we will provide additional adequate welfare monitoring and will aim to keep
such a burden to minimum levels.

Why can’t you use animals that are less sentient?

The toxicology research is often carried out to enable first-in-human clinical work, where a
high degree of physiological relevance and regulatory acceptance is required to support
adequate translation of findings into human trials. For this reason, the choice of animal
species is frequently determined by governmental and regulatory bodies, which stipulate
that the minimally sentient species capable of providing physiologically meaningful data
for toxicology testing are rodents.

Alternative species such as invertebrates or very young, developmentally immature
animals are not physiologically suitable for this work. Invertebrates lack the vertebrate
nervous, respiratory, cardiovascular, immune, and metabolic systems needed to model
human responses to implanted materials, toxic exposures, or nerve-related effects. Very
young animals are also inappropriate because their organ systems, immune responses,
and neural structures are still developing, which would introduce high biological variability
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and limit the accuracy, reliability, and regulatory acceptability of the data. Therefore, these
alternatives cannot answer the scientific or safety-related questions required for preclinical
toxicology.

As one of the primary experimental endpoints for toxicological research is the assessment
of an animal’s behaviour and physiological function, for example, detecting effects on the
central or peripheral nervous systems, respiration, circulation, or general activity,
terminally anaesthetised animals cannot be used. Terminal anaesthesia abolishes
consciousness, sensation, motor activity, and homeostatic control, meaning that
functional outcomes, clinical signs, and behavioural changes cannot be observed or
measured. Because these observations are essential for identifying adverse effects of
novel materials, terminal procedures would prevent achievement of the experimental aims
and objectives.

For these reasons, rodents remain the least sentient, most refined, and most
physiologically appropriate vertebrate model capable of providing the necessary
functional, behavioural, and toxicological data. Their use ensures that the scientific and
regulatory objectives can be met while adhering to principles of refinement and minimising
animal suffering.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

To minimise suffering and stress, animals will be acclimatised after transportation and
familiarised with their environment, handling procedures, and personnel before studies
commence. Refinement principles will be applied across both moderate and severe
protocols. For moderate-severity studies, this includes using the minimally-invasive
surgical techniques and refined sampling methods. For any studies involving higher
severity, such as orthotopic nerve-injury procedures, the justification will be clear and
additional refinements, including enhanced analgesic regimens, optimised housing
environment, and more intensive monitoring will be implemented to minimise impact.

Where possible, the severity of procedures will be reduced by selecting lower-burden
implantation sites, smaller sizes of the implants, optimised aseptic surgical and inhalation
anaesthetic techniques, and applying staged study designs so that only materials
demonstrating acceptable safety profiles progress to more invasive testing. The
physico-chemical properties of novel materials (e.g., pH, degradation behaviour, potential
irritancy) will be assessed in advance to predict and avoid non-specific adverse reactions.

Refinements specific to nerve-injury studies include meticulous microsurgical technique,
minimal manipulation of surrounding tissues, maintaining nerve moisture throughout
surgery, and avoiding excessive tension on nerve ends. Multimodal peri-operative
analgesia (e.g., local anaesthetics, long-acting NSAIDs, and opioids where appropriate)
will be used. Animals undergoing nerve-related procedures will receive closer
post-operative checks, earlier nutritional support if mobility is reduced, and physiologically
supportive housing conditions to assist recovery.
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All surgical interventions will be conducted using refined surgical techniques, including
aseptic technique, pre-warming of animals, precision microsurgical instruments, minimised
incision length, appropriate anaesthetic and analgesic support with antibacterial wound
treatment, fluid control, and adequate post-surgery recovery procedures. Blood sampling
volumes would not exceed recommended levels. Cannulation may be used as a less
invasive alternative to repeated restraint for sampling, thereby reducing handling stress
and cumulative distress.

A structured plan of monitoring intensity and triggers will be in place. To monitor toxicity
and post operative recovery, scoring sheets will be used, and animals will be checked
frequently, typically several times per day, to detect rapid-onset effects at the earliest
opportunity. In longer-term studies, at least daily monitoring will be employed, with
additional checks introduced if clinical signs emerge. A predefined schedule of limiting
clinical signs and early humane endpoints will guide decisions, including criteria such as
sustained weight loss, abnormal posture, reduced mobility, pronounced neurological signs,
self-mutilation, and lack of response to analgesia. If an animal is judged likely to
deteriorate or has reached or is expected to reach significant distress, it will be humanely
euthanised to prevent further suffering.

We will minimise animal suffering by employing the most advanced technologies available,
including modern anaesthetic delivery systems, improved pain-relief strategies, and
stringent infection-control measures. Animals will be kept in a state-of-the-art, monitored
environment, including individually ventilated cages, dedicated surgical suites, and
specialised rooms for particular procedures. Robust cleaning, barrier protection, and
environmental management will further reduce non-specific infection risks, will ensure
cross-contamination control and high standards of welfare.

All personnel involved will be appropriately trained and assessed as competent. Only staff
who have demonstrated proficiency in relevant techniques will carry out procedures, and
continuous professional development will be encouraged. NACWO and NVS oversight will
be sought when necessary to ensure that refinements remain up-to-date and
proportionate.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

We are committed to follow Planning Research and Experimental Procedures on Animals:
Recommendations for Excellence (PREPARE) guidelines, allowing us to ensure
experiments are planned and conducted in the most refined way, suitable for Animal
Research: Reporting of In Vivo Experiments (ARRIVE) guidelines implementation. We also
align our research with animal law, welfare, ethics, use, care, and the 3Rs guidelines
published by the Laboratory Animal Veterinary Association (LAVA), Laboratory Animal
Science Association (LASA), and National Centre for the Replacement, Refinement and
Reduction of Animals in Research (NC3Rs). Our research facility is already accredited to
Office of Laboratory Animal Welfare (OLAW), the American Association for Accreditation of
Laboratory Animal Care (AAALAC), and Good Laboratory Practice (GLP) standards, with
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the strict implementation of Animals (Scientific Procedures) Act with a comprehensive set
of Standard Operating Procedures (SOPs) based on OECD/ICH recommendations.

How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

Our managerial and research personnel regularly attend relevant scientific meetings,
workshops, networking events and continuously monitor scientific literature. The company
holds regular Animal Welfare and Ethical Review Body (AWERB) meetings to continuously
review new study requests and to share the latest animal husbandry, scientific legislation
and the best 3R practices. These advances are implemented effectively by research
facility Management through HO/NVS/NACWO monitoring programmes and regular
training sessions facilitated by the Named Training and Competency Officer (NTCO) and
the Named Information Officer (NIO), who distributes NC3Rs alerts, newsletters,
PREPARE/ARRIVE and other animal welfare symposia updates.

A retrospective assessment of refinement will be due by 17 September 2031

The PPL holder will be required to disclose:

¢ With the knowledge you have now, could the choice of animals or model(s) used be
improved for future work of this kind? During the project, how did you minimise harm
to the animals?
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15. Pathogenesis and therapy of cardiovascular
diseases

Project duration
5 years 0 months
Project purpose

e (a) Basic research
¢ (b) Translational or applied research with one of the following aims:
o (i) Avoidance, prevention, diagnosis or treatment of disease, ill-health or
abnormality, or their effects, in man, animals or plants
Key words

Cardiovascular disease, Disease aetiology and pathogenesis, Disease intervention and
prevention, Stem cell, Vascular diseases

Animal types Life stages

Mice Embryo and egg, Neonate, Juvenile, Adult,
Pregnant adult

Rats Adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
required and should be submitted within 6 months of the licence's revocation date.

Reason for retrospective assessment
This may include reasons from previous versions of this licence.

¢ Contains severe procedures

Objectives and benefits

Description of the projects objectives, for example the scientific unknowns or
clinical or scientific needs it's addressing.

What's the aim of this project?

The overall aim of the present project is to investigate novel cellular and molecular
mechanisms of cardiac (e.g., heart failure) and vascular (e.g., arteriosclerosis, the
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hardening of the arteries, and vascular calcification, calcium salts building up within
vascular wall) diseases, and to test new therapeutics for these diseases.

A retrospective assessment of these aims will be due by 11 September 2031
The PPL holder will be required to disclose:

e |s there a plan for this work to continue under another licence?
e Did the project achieve its aims and if not, why not?

Potential benefits likely to derive from the project, for example how science might
be advanced or how humans, animals or the environment might benefit - these
could be short-term benefits within the duration of the project or long-term benefits
that accrue after the project has finished.

Why is it important to undertake this work?

Cardiovascular disease (CVD) is a leading cause of the death in humans, in which
arteriosclerosis induced vessel blockage is the underlying problem. Arteriosclerosis
including hyperlipidemia-related native atherosclerosis (the hardening of the arteries),
restenosis after angioplasty (narrowing arteries after medical treatments), transplant and
vascular graft arteriosclerosis, is a severe pathological condition that underlies most of
CVDs including coronary artery disease (CAD), heart attack, stroke, peripheral arterial
disease (PAD), and ischemic heart failure (HF), responsible for over 40% of all deaths in
Western countries. Additionally, HF with preserved ejection fraction (HFpEF) is a type of
heart failure where the heart's main pumping chamber (the left ventricle) contracts
normally but has become stiff and is unable to relax and fill with enough blood between
each heartbeat. HFpEF is a multifariousness syndrome, accounting for over half of HF
patients receiving clinical treatment, with extreme high mortality rate. Alarmingly, the
prevalence of HFpEF is rapidly increasing in the coming decades as the global population
ages, and unfortunately, no drug has been currently identified to reduce mortality and
morbidity in HFpEF. Although great efforts have been put into research to understand the
development and progression of HFpEF and other CVDs in the past decades, the cellular
and molecular mechanisms underlying these diseases are not fully elucidated.

What outputs do you think you will see at the end of this project?

From these experiments proposed in the present project, we expect to identify some of the
cellular and molecular mechanisms underlying the formation and development of
atherosclerotic lesion, aortic aneurysm/dissection, vascular calcification, and/or HFpEF,
which provide the basic information for design of a new drug to target the novel molecules
to prevent these diseases progression by enhancing blood vessel and cardiac repairing
after damage. Additionally, when we know the contribution of stem cells to these CVDs, we
can develop a way to promote stem cell differentiation toward cardiac or vascular cells to
repair damaged vessels and myocardium. Finally, we will test the therapeutic effects of
mouse and/or human stem cells or stem cell-derived cardiac and vascular organoids in
CVDs by using the murine model for human cell or organoid transplantation. Thus our
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results will provide basic knowledge useful for both scientific research and clinic
application in the future in CVDs, e.g. developing therapeutics for CVD patients.

Who or what will benefit from these outputs, and how?

A series of experiments will be performed to address the molecular mechanisms of
cardiac/vascular cell death, proliferation, differentiation and cardiac/vascular regeneration.
These studies will provide us potential targets to design new drugs to restore cellular
functions and enhance cell survival and cardiovascular regeneration. Once the
contribution of stem cells to CVDs is confirmed, we can find out a way to promote stem
cell differentiation toward cardiac/vascular cells to repair damaged heart/vessels. Finally,
we have initially generated human stem cell-derived cardiac/vascular organoids, and we
will further characterise the functionalities of these organoids in vivo and test their
therapeutic potential in animal models of CVDs. Thus, our results will provide basic
knowledge useful for both scientific research and clinical application in the future in
cardiovascular diseases, e.g. new drug discovery, preventing CVDs, and generating the
next generation of cardiac/vascular organoids which could serve as human-relevant CVD
models.

Apart from the abovementioned medical progress and uncovering novel therapeutics for
human diseases, the additional likely beneficiaries of the proposed project include both
academic and non academic beneficiaries. Specifically, the postdoctoral research
associates, PhD students, and those actively involved in this project including other
researchers and post-/under-graduates will be primary beneficiaries, through gaining
expertise in medical research. Moreover, the new knowledge in relation to the possible
functions & therapeutic potentials of the studied genes/proteins/cells/agents in
cardiac/vascular diseases will likely immediate benefit to individual academics and
academic research groups working in closely related fields of scientific research. More
specifically, researchers interested in cardiovascular science or vascular biology will
benefit from the identification and characterization of candidate
genes/proteins/cells/agents for preventing and/or treating cardiac/vascular diseases.
Researchers interested in molecular & cell biology, proteinase biology, vascular biology
and cardiovascular medicine may benefit from better understanding with regard to the
functional impacts and involvements of the studied genes/proteins/cells/agents in vascular
disease.

By uncovering the importance of the studied genes/proteins/cells in cardiac/vascular
disease and exploring the therapeutic effects of the local/systemic delivery of small
molecule inhibitors/activators/agents that target these identified signalling on
cardiac/vascular diseases, the findings obtained from this project could provide new
targets or strategies for future therapeutic intervention in these lethal cardiac or aortic
disorders. This project is therefore likely to benefit those academics working in the field of
cardiac and vascular therapeutics and the researchers working in the drug companies who
are interested in developing novel therapies for human diseases including cardiovascular
diseases, which eventually benefit to patients with these diseases.
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Research performed as part of this project proposal will be submitted for publication in the
leading peer reviewed international journals that will benefit to all the academic and non-
academic beneficiaries within UK and globally. Additionally, we will share data with
collaborators and present our results pre- and post-publication to colleagues at meetings
and conferences on a broad section of disciplines. The dissemination of our research data
in the national and international conferences will provide ample opportunity for us to
interaction with all levels of the worldwide academic communities.

How will you look to maximise the outputs of this work?

Written communication ensures the longevity of our work and its availability in perpetuity.
Dissemination of results to both the scientific community and clinicians will occur primarily
through peer reviewed scientific publications in high-visibility journals with open access
and submission of abstracts to national and international conferences as well as via invited
reviews and presentations. Institutional Press and Research Office have excellent facilities
for disseminating scientific information to members of the public through a variety of
different media and forums. The research funders and the institutional Press office will
always be contacted in advance of publication for any advice on public or media
engagements.

Our institution also provide regular departmental meetings, institute seminars and lecturer
series to share our research with scientists and clinicians across arrange of disciplines and
research backgrounds. Each year we will hold a wide range of school-wide scientific
meeting including annual research review and conference, all of them will showcase the
cutting edge of the research undertaken within medical school. We have been
invited/selected to present our recent research findings in all these conferences, and play
an active role in contributing to the successful of these meetings.

We anticipate that the findings obtained from this study will also be presented at key
international scientific conferences. These organisations regularly make public press
releases concerning research communicated at the conferences, which will further
maximise the academic and scientific impact of our research. We have been frequently
invited/selected to present our research findings in all these conferences, and play an
active role in contributing to the successful of these meetings.

In liaison with institutional research office and research funders, the research findings will
be presented to wider lay audiences. With one-third of all deaths still attributable to
cardiovascular diseases, the research outlined in this proposal will attract a wide public
interest. Our institution actively supports the wider dissemination of scientific research
through hosting a wide range of outreach engagements to support its student and staff,
and holding annual school open days, public lectures and workshops within different
research centres. We will also engage with children in the local community through
involvement with local Science Festival. Each year, our festival attracts hundreds of local
students from primary schools to sixth forms.

Species and numbers of animals expected to be used
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e Mice: 2470
e Rats: 260

Predicted harms

Typical procedures done to animals, for example injections or surgical procedures,
including duration of the experiment and number of procedures.

Explain why you are using these types of animals and your choice of life stages.

Mice and rat are low vertebrate group, which have a relatively well-defined genetic map.
There are a large number of strains of genetically altered mice or rats available for study.
Currently, genetically altered animals is the best scientific means to study the true
contribution and causal effects of any specific gene to/in embryonic development as well
as disease aetiology and pathogenesis. Other advantages for using murine or rat models
are excellent availability of reagents, mouse/rat antibodies, and mouse/rat cell lines.

Genetically modified animals will be used because no other suitable tools exist to
selectively and specifically manipulate the individual gene/protein that we want to study in
vivo.

Most of the animals used in the study will be adult mice or rats, with an exception of
murine model of early onset of aortic dissection (an injury to the innermost layer of the
aorta allows blood to flow between the layers of the aortic wall, forcing the layers apart)
which uses mice at three to four week old. These animals will be controlled treated with
some agents that will induce some progressive changes leading to aortic dissection,
inducing some changes in the vessel wall that would be the target to study the prevention
of aortic dissection disease.

Typically, what will be done to an animal used in your project?

In a typical experiment, mice or rats will undergo bone marrow transplantation (to study if a
gene/protein in bone marrow cells has a function in cardiac/vascular disease), receive an
altered diet (e.g. high cholesterol), or an injection of a substance/agent that modify the
blood cholesterol levels or can stimulate the development of cardiac/vessel changes. The
animals will or will not receive a surgery (e.g. injuring the inner layer of blood vessel,
blocking the blood supply to tissues, or blood vessel transplantation). Some animals may
be given further treatments with organoids, cells, genes, special growth factors, drugs,
other agents, etc. during the surgery or at later time. Occasionally, some animals will
undergo image scanning to visualize and monitor disease development/progression, as
well as therapeutic effects of any treatment. For HFpEF model, mice will undergo an
exhaustion test on an animal treadmill. Some mice will be infused with angiotensin Il (Ang
I, a naturally occurring hormone in body that increase blood pressure) or fed beta-
aminopropionitrile (BAPN, a natural chemical that interferes with the body's ability to build
strong and flexible connective tissues within blood vessels) to induce aortic aneurysm (a
balloon-like bulge that forms in the wall of the aorta) or aortic dissection (a medical
emergency where the inner layer of the aorta, the body's largest artery, suddenly tears),
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respectively. At the end of these experiments and/or when signs of discomfort or pain are
manifested, the animals will be humanely killed and tissues collect for biochemical and
histological analysis.

What are the expected impacts and/or adverse effects for the animals during your
project?

Based on our experience, adverse effects caused by treatments are anticipated to be very
limited in the most of our protocols and where they do occur to be very brief in duration.
Although it is anticipated to be very rare, following adverse effects may occur in some
animal after procedure, including intermittent hunched posture, loss of appetite, weight
loss, dehydration, diarrhoea, inflammation, and alterations in breathing and reduced
activity. The potential adverse effects associated with these studies will be minimized by
the use of regular welfare assessments, at least daily in animals showing any early onset
of clinical signs, with monitoring frequency increasing when necessary. Supportive
analgesia, palatable feeding and fluid support will also be used. Aseptic surgery with
perioperative analgesia will be used.

Expected severity categories and the proportion of animals in each category, per
species.

What are the expected severities and the proportion of animals in each category
(per animal type)?

Although we expect that approximately 40-50% of the animals used in this licence will
show mild to slowly progressive moderate severity, approximately 10% animals on
protocol-4 (particularly BAPN (8 Aminopropionitrile) induced aortic dissection) will likely
experience severe adverse effects. Moderate events will be monitored very closely and
supportive treatments such as palatable food/analgesia will be used to ensure that
moderate events are intermittent and do not prolong beyond 48hrs. Humane endpoints will
be applied to ensure that animals do not progress beyond moderate severity. Severe
events will be carefully and closely monitored for up to 12 hrs, and animals will be culled
without any improvement. Other animals in this PPL are expected to develop a sub-
threshold or temporary mild severity (mostly breeding mild protocol and/or sampling for

phenotyping).
What will happen to animals used in this project?

e Killed
e Used in other projects

A retrospective assessment of these predicted harms will be due by 11 September
2031

The PPL holder will be required to disclose:

¢ \What harms were caused to the animals, how severe were those harms and how
many animals were affected?
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Replacement

State what non-animal alternatives are available in this field, which alternatives you
have considered and why they cannot be used for this purpose.

Why do you need to use animals to achieve the aim of your project?

The major aims of the present project are to study the problems behind cardiac/vascular
diseases and to discover new therapeutic methods for controlling and preventing these life
threatening conditions. Currently, the best method available to address the potential
effects of any gene and/or treatment on cardiac and vascular pathologies as detailed in
this project is to compare cardiac injury/lesions and/or vascular disease
development/progression from given gene deficient and wild-type animals with or without
further therapeutic interventions. There is no suitable non-animal alternative to the
approach to be used, as the development of cardiac/vascular diseases, for instance,
atherosclerosis (where the medium/large size of artery wall becomes harder and narrow)
or aneurysm (a localized, blood-filled balloon-like bulge in the wall of a blood vessel)
involves multiple cell types as well as many circulating factors that regulate the
accumulation of these cells in atherosclerotic lesions, and there is no non animal model
available that properly mimics this complex system.

Which non-animal alternatives did you consider for use in this project?

In vitro cellular system and human aortic tissues from patients with cardiac/vascular
diseases.

Cardiac/vascular cells and/or cardiac/vascular organoids generated from human induced
pluripotent stem cells (hiPSCs), together with disease-mimicking stimuli, will be used to
simulate human cardiac/vascular diseases.

Why were they not suitable?

Although in vitro cellular system serves as an excellent platform to study the signal
pathways behind cardiac/vascular pathologies, and the simplistic, cost-effective nature of
in vitro setups had become well-integrated by most fields of biochemical research, yet
many do agree unanimously to the rhetoric that primary or immortalised cells differ
tremendously from their tissue-level counterparts, therefore do not reflect normal cellular
behaviours in their naive microenvironments under disease settings. More importantly, the
in vivo complex interactions among different cells, neural/hormonal regulatory factors, and
haemodynamic environments can’t be truthfully replicated in vitro, and the whole system
effects of any intervention/gene/protein on cardiac/vascular diseases are difficult to model
using these in vitro cellular systems.

Additionally, although human cardiac/aortic surgical specimens provide invaluable
information about the pathogenesis of various cardiac/vascular diseases, they are
extremely rare, and mostly from advanced disease stages (end-stage of disease) with no
comparable normal controls.
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Finally, although the newly developed stem cell-derived cardiac/vascular organoids could
offer unprecedented opportunities for modelling human cardiac/vascular diseases, drug
testing, and personalised medicine, addressing significant gaps left by traditional 2D cell
cultures, they do face many challenges including the lack of a fully mature heart and/or
vascular system in organoids, functional inconsistencies, and the absence of certain
microenvironmental cells, all will limit their physiological relevance. Crucially, currently no
cardiac/vascular organoids could fully replicate the naive microenvironments under
disease settings and recapitulate all the disease phenotypes observed in patients,
warranting further characterisation and optimisation of these organoids.

Therefore, animal models described in this project still stand as the most valuable tools for
us to study the aetiology and pathophysiology of cardiac/vascular diseases.

A retrospective assessment of replacement will be due by 11 September 2031
The PPL holder will be required to disclose:

e What, if any, non-animal alternatives were used or explored after the project started,
and is there anything others can learn from your experience?

Reduction

Explain how the numbers of animals for this project were determined. Describe
steps that have been taken to reduce animal numbers, and principles used to
design studies. Describe practices that are used throughout the project to minimise
numbers consistent with scientific objectives, if any. These may include e.g. pilot
studies, computer modelling, sharing of tissue and reuse.

How have you estimated the numbers of animals you will use?

There are three research objectives in this project, in which we estimates that
approximately 2,730 mice/rats in total will be used over five years, among them, roughly
2,000 are GA mice, which will be bred and maintained under objective-1. We estimated
that objective-2 & -3, respectively, over five years. Specifically, in Objective-2 we estimated
that 1,859 and 930 mice will be used for objective-2 & -3, respectively, over five years.

Specifically, in Objective-2 we estimated that 260 mice will be used in spontaneous
atherosclerosis for studying up to 10 genes/treatments (20 control/treating groups); 260
mice will be used in transplant arteriosclerosis (130 mice for donor/recipient mice,
respectively) for studying up to 5 genes/treatments (10 control/treating groups); 260 mice
will be used in injury/stenting-induced arterial remodeling protocols for studying up to 10
genes/treatments (20 control/treating groups), similarly, 260 rats (130 SHR & 130 WKY)
will be used in injury/stenting-induced arterial remodeling protocols for studying up to 10
treatments (10 WKY versus SHR groups); 260 mice for vascular calcification (10
genes/treatments, 20 control/treating groups); 260 mice for aortic aneurysm (AA) or
dissection (AD) (10 genes/treatments, 20 control/treating groups); and another 260 mice
for HFpEF (10 genes/treatments, 20 control/treating groups).
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In objective-3, roughly 130 mice will be used for spontaneous atherosclerosis (5
genes/treatments, 10 control/treating groups), 260 mice will be used for in vascular graft
arteriosclerosis (130 mice for donor/recipient mice, respectively) (5 genes/treatments, 10
control/treating groups), 130 mice in injury/stenting-induced arterial remodelling studies (5
genes/treatments, 10 control/treating groups), 130 mice for vascular calcification (5
genes/treatments, 10 control/treating groups), 130 mice for aortic aneurysm (AA) or
dissection (AD) (5 genes/treatments, 10 control/treating groups), and another 130 mice for
HFpEF (5 genes/treatments, 10 control/treating groups).

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

Every single animal experiment will be designed with assistance from the Experimental
Design Assistant (EDA), a free online tool from the NC3Rs
(https://www.nc3rs.org.uk/experimental-design assistant-eda). Apart from optimization of
the experimental plan, EDA system will also provide excellent assistance in generating
randomisation sequence, supporting for allocation concealment and blinding, as well as
calculating group sample size. In doing so, all the animal experiments will be designed to
ensure that the minimum number of animals with enough power to detect a statistically
significant effect will be used in order to achieve the specific scientific objectives with high
reliability and reproducibility, as well as least subjective bias before they are carried out.
Apart from EDA, other methods (e.g., Research Randomizer, https://www.randomizer.org/)
or software (Random Allocation Software) could be used to generate the randomisation
sequences/numbers for any given experiment. Additional methods or tools (e.g., G*Power
calculator: https://stats.idre.ucla.edu/other/gpower/, Sample Size Calculator:
https://clincalc.com/stats/samplesize.aspx) could be used for sample size calculation. The
researchers will be blinded to the group allocation at the different stages of the
experiment. All of these measurements will ensure the minimum number of animals will be
used under each objective.

What measures, apart from good experimental design, will you use to optimise the
number of animals you plan to use in your project?

We will conduct systematic reviews on similar studies reported in the literature since it
provides more appropriate sources of information on variability. If that is impossible and
resources are allowed, pilot experiments will be carried out in small number of animals to
detect important information (such as effect size of treatment, variability) to assist power
calculation in determining group sample size.

A retrospective assessment of reduction will be due by 11 September 2031
The PPL holder will be required to disclose:

e How did you minimise the numbers of animals used on your project and is there
anything others can learn from your experience?
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Refinement

Give examples of the specific measures (e.g., increased monitoring, post-operative
care, pain management, training of animals) to be taken, in relation to the
procedures, to minimise welfare costs (harms) to the animals. Describe the
mechanisms in place to take up emerging refinement techniques during the lifetime
of the project.

Which animal models and methods will you use during this project? Explain why
these models and methods cause the least pain, suffering, distress, or lasting harm
to the animals.

Mice and rats are the species of animal with a relatively well-defined genetic map and can
relatively easily be genetically altered. Although Zebrafish have lower sentience, have
been genetically well-defined and can be easily genetically altered, and fruit flies are not
protected under A(SP)A, they provide limited amount of materials (particularly aortic
tissues) for following analysis. Crucally, it is extreme difficult to handle or almost impossible
for us to conduct the surgical procedures described in the respective protocols in this PPL.
ApoE is a protein that responsible for transporting fats from blood cells to the liver, and
thus removes blood fats. Mice without ApoE gene fed with the normal mouse food have
spontaneous high level of blood fat and atherosclerosis (where the medium/large size of
artery wall becomes harder and narrow) in the arterial wall, which are similar to those seen
in humans. Both Ang ll-induced aortic aneurysm and BAPN-induced aortic dissection
models have been widely used by global researchers and extensively reported in >1000
papers in PubMed, which have also been well established in our laboratory during our last
PPL. Compared to the widely used surgical-induced heart failure animal models, the “two-
hit” HFpEF mouse model is the least invasive and simplest model to simulate human
HFpEF. Specifically, mice will be simply fed a high fat diet (HFD) and water spiked with
Nw-nitro-L-arginine methyl-ester (L-NAME, a chemical that increase blood pressure) for up
to 15 weeks to produce a HFpEF mouse model that recapitulates numerous hallmarks of
HFpEF patients. Taken together, all the animal models chosen in this study are the least
invasive and simplest of those available, which have been reproduced and reported by us
and many other laboratories.

Why can’t you use animals that are less sentient?

To elucidate the underlying cellular and molecular mechanisms of cardiovascular diseases
(CVDs) and study any potential therapeutic effects of drugs, genes or stem cells on CVD
prevention, in vivo systems approaches of CVDs would be essential. Although the
Zebrafish model has been used for decades to study development and pathophysiology, a
variety of drawbacks associated with Zebrafish models such as inadequate amounts of
tissue for analysis, lacking of zebrafish-specific antibodies and zebrafish cell culture
systems, anatomical difference with mammals (very small aortic size with limited smooth
muscle cell investment), gene redundancy (Zebrafish possess two copies of many
mammalian genes), and short of clinical relevance, limit its effectiveness and applicability
in modeling human diseases.

207 |Page




i

Home Office

On the other hand, mouse/rat models of CVDs described in this project are highly relevant
to the clinical setting for patients with CVDs. For instance, patients requiring distal arterial
bypass or coronary artery bypass, but who lack adequate autologous vessels for their
surgeries, and thus creating a tissue-engineered vessel using stem cells would be helpful.
Additionally, by identifying the cellular and molecular targets of CVDs using mouse
models, one would expect that new drugs will be developed in the future. Therefore,
mouse models for arteriosclerosis research would be essential and useful.

To mimics the clinical settings of human vascular diseases, majority of the animals used
in this study will be adult mice or rats, which is the predominant animal life stage used by
the researchers in over 90% studies similar to our ones. Additionally, adult mice or rats
can be handled easily, produce a similar disease phenotype observed in man, and
provide enough materials used for analysis to answer the scientific questions.

Under some specific scenarios, such aortic dissection, mice at juvenile stage (three to
four week old) will be used to produce the vascular pathology similar to human aortic
dissection.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?

Our group also have excellent work experience on these models. The protocol has been
designed to minimise animal suffering by using suitable anaesthesia and analgesia during
operation. Particularly, the animals will be humanely killed before tissues are removed for
experiments or if the animals fail to suitably recover after surgery. It is expected that the
degree of distress/suffering will be between mild and moderate for most of the treatments,
except that the mice subjected to the higher concentration (>1000ng/kg/min) of
angiotension Il (a nature hormone in the body that can increase blood pressure) infusion,
or received beta-aminopropionitrile (an irreversible inhibitor of lysyl oxidase, an enzyme
involved in collagen cross-linking within blood vessels) for 4 weeks. The “two-hit” HFpEF
mouse model described in Protocol 6 is the least invasive and simplest model to simulate
human HFpEF. All the operations will be performed by well-trained personal licence
holders in the group.

In the last PPL, we constantly envisaged for procedure refinements and replacements by
closely following the new refining disease models and procedures reported in the
literatures. We have implemented some non-invasive imaging techniques to monitor the
disease progression and minimize animal suffering or distress.

In this PPL, apart from increasing use of non-invasive imaging techniques to monitor the
disease progression and minimize animal suffering or distress, following refinement will be
implemented to further minimize animal suffering or distress: using some improved
handling methods (cupping or tubes), training animals prior to handling & procedures,
using alternatives to intraperitoneal injection or oral gavage, use of appropriate analgesia
for painful procedures, and introducing cage enrichment (providing shelter and nesting
material, adding additional levels and platforms to the cage such as hanging tubes from
the cage lid), etc. We will closely follow some useful resource (such as 3H Initiative,
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NORECOPA on intraperitoneal injection, and alternative to oral gavage dosing) to
consistently refine our procedures in this PPL.

What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

Apart closely following ARRIVE guidelines (https://arriveguidelines.org/), the new
advances published by NC3Rs (https://www.nc3rs.org.uk/experimental-design-assistant-
eda), and Guidance on the operation of the Animals (Scientific Procedures) Act 1986
published by Home office (https://www.gov.uk/guidance/guidance-on-the-operation-of-the-
animals-scientific-procedures-act 1986), following published animal practice guidance will
be followed to ensure all the experiments are conducted in the most refined way:

¢ ARRIVE study plan (https://arriveguidelines.org/resources/study-plan)

¢ Animal models and animal-free innovations for cardiovascular research: current status
and routes to be explored. Consensus document of the ESC Working Group on
Myocardial Function and the ESC Working Group on Cellular Biology of the Heart.
Cardiovasc Res. 2022 Jan 6;118(15):3016—3051. doi: 10.1093/cvr/cvab370

e The ARRIVE guidelines 2.0: Updated guidelines for reporting animal research. PLoS
Biol. 2020 Jul 14;18(7):e3000410. doi: 10.1371/journal.pbio.3000410..

e The Experimental Design Assistant. PLoS Biol. 2017 Sep 28;15(9):e2003779. doi:
10.1371/journal.pbio.2003779.

e Classification and reporting of severity experienced by animals used in scientific
procedures: FELASA/ECLAM/ESLAV Working Group report. Lab Anim. 2018
Feb;52(1_suppl):5-57. doi: 10.1177/0023677217744587.

e Refining procedures for the administration of substances. Report of the
BVAAWF/FRAME/RSPCA/UFAW Joint Working Group on Refinement. British
Veterinary Association Animal Welfare Foundation/Fund for the Replacement of
Animals in Medical Experiments/Royal Society for the Prevention of Cruelty to
Animals/Universities Federation for Animal Welfare. Lab Anim. 2001 Jan;35(1):1-41.
doi: 10.1258/0023677011911345.

e Administration of substances to laboratory animals: equipment considerations, vehicle
selection, and solute preparation. J Am Assoc Lab Anim Sci. 2011 Sep;50(5):614-27.

e Administration of substances to laboratory animals: routes of administration and factors
to consider. J Am Assoc Lab Anim Sci. 2011 Sep;50(5):600-13.

e Refinement and reduction in the production of genetically modified mice: sixth report of
the BVAAWF/FRAME/RSPCA/UFAW Joint Working Group on Refinement. Altern Lab
Anim. 2004 Jun;32 Suppl 1A:373-5. doi: 10.1177/026119290403201s61.
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How will you stay informed about advances in the 3Rs, and implement these
advances effectively, during the project?

| and all the PIL holders under this PPL will be required to register and subscribe to NC3Rs
(https://www.nc3rs.org.uk/experimental-design-assistant-eda), and closely followed-up all
the information/events. Any advances in the 3Rs made in the animal procedures which
could be used to address the scientific aims/objectives described in this project will be
implemented in timely orders if allowed by NVS and/or home office inspectors.

A retrospective assessment of refinement will be due by 11 September 2031

The PPL holder will be required to disclose:

o With the knowledge you have now, could the choice of animals or model(s) used be
improved for future work of this kind? During the project, how did you minimise harm
to the animals?
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