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1. The role of tissue-resident immune cells in health and
disease.
Project duration
5 years 0 months
Project purpose
e Basic research
e 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
o Assessment, detection, regulation or modification of physiological conditions in
man, animals or plants

Key words

immunology, tumour immunotherapy, cancer, wound healing

Animal types Life stages
Mice adult, juvenile, neonate, pregnant,
embryo

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
not required.

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?

We will investigate the roles of organ-resident immune cells in regulating local
inflammation, which is critical in both beneficial processes such as wound repair, or
disease states such as fibrosis and cancer formation.

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?
We know that immune cells circulate in the blood, and can enter organs in response to
different diseases such as infections and cancer. It is becoming clear that there are certain

immune cells that reside as 'tissue-resident’ cells in specific organs, although relatively
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little is known about how these cells are locally regulated, and what their functions are.
Recent findings show that the microenvironment of the organ can instruct how some of
these tissue-resident immune cells behave; therefore it is likely that tissue-resident
immune cells are tuned to respond to organ-specific challenges. We are specifically
interested in a recently discovered tissue-resident immune cell, called group 2 innate
lymphoid cells (ILC2). We know that ILC2 play an important role in parasite infection and
allergic disease, but still little is known about their roles in cancer or tissue repair. We will
build on our expertise in ILC2 immunology, tissue repair and cancer modelling in mice to
better understand how ILC2 can locally influence inflammation in these important disease
conditions. Ultimately, we hope to control the function of ILC2 to improve anti-tumour
immunity or wound repair, which may result in better clinical treatments.

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

A better basic understanding of the regulation and role of tissue-resident immune cells
within specific organs.

A better understanding of the roles of tissue-resident immune cells in tissue repair, fibrosis
and cancer development.

New reagents that will be shared with the scientific community (i.e. new genetically
engineered mice, or cell lines/organoids derived from mice).

Data that will be shared with the scientific community (uploaded to open-access data
repository).

Who or what will benefit from these outputs, and how?
The following people will benefit:

In the short-term (1-5 years), new basic scientific research will benefit the scientific
community.

In the medium-term (>5 years), new information will lead to increased use, or development,
of new reagents (benefit industry), or result in translation of pre-clinical research (benefit
patients).

How will you look to maximise the outputs of this work?
We will maximise the output by:

Publishing all findings in a timely manner. We only publish in open-access journals to
ensure free access to our findings.

We will openly share reagents, data and expertise with collaborators. Valuable reagents
will be deposited in open-access repositories, or maintained in easily shareable formats at
our Institute. Published datasets will be deposited in open-access repositories. Expertise
will be shared via detailed methods publications in open-access journals, or on our
website.

We generally include negative findings inour publications.
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We disseminate new knowledge related to animal use at local or national animal-users
meetings, or scientific conferences.

Species and numbers of animals expected to be used

e Mice: 25000

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 have many similarities with humans in terms of genetics, immunology, and cancer
formation. Most current anti-tumour immunotherapies were developed using basic
scientific research in mice. Laboratory mice are widely used to study immunology and
cancer, and there are many important genetically engineered mouse models available to
carefully investigate the function of specific immune cells in health and disease. Similarly,
cancer development can be accurately studied using different mouse models.

For tumour studies, we require the use of adult mice because: 1) the tumours we study
occur primarily in adults, and 2) we study the interactions of the adult immune system with
cancer. For studying the tissue-resident immune system we primarily use adult mice
(>95%), although some studies will involve neonatal or juvenile animals where early
activation or modulation of the immune system is induced to study the early development
of tissue-resident immune cells.

Typically, what will be done to an animal used in your project?
We will perform two lines of investigation:

We will investigate the basic biology of tissue-resident immune cells. For this work we will
manipulate tissue-resident immune cells to understand how they are turned on/off, and
what their function is. We will expose mice to stimulants (i.e. injection of a protein, or
exposure of mice to inhaled substance), or administer a test drug to understand if we can
block activation. To translate our findings to human disease conditions, we will use models
of disease where tissue-resident immune cells play a role (i.e. fibrosis of specific organs,
which involves several administrations of substances that reproduce human fibrotic
disease). While the majority (80%) of these experiments are short (1-2 weeks), some
disease models take longer (several months).

We will investigate how tissue-resident immune cells are involved in cancer. For this work
we will combine our methods from the previous section (where we understand how to
control tissue- resident immune cells), and apply it to mouse models of cancer. Cancer
models generally fall under a) genetically engineered mice that spontaneously develop
cancer, or b) mice that are implanted with tumour cells. Regarding the latter, we will inject
mice with tumour cells (into the blood, or another relatively painless route), or surgically
implant mice with tumour cells into a specific organ (i.e. pancreas). The majority of cancer
experiments will last less than 3 months (80%), although some models that accurately
mimic tumour formation will take longer (3-18 months).
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What are the expected impacts and/or adverse effects for the animals during your
project?

Related to the two lines of investigation:

We will investigate the basic biology of tissue-resident immune cells: These experiments
will cause short-term discomfort associated with the administration of reagents (i.e.
injection of substance). Some of these experiments will cause short-term (<1 day)
discomfort caused by activation of immune cells (i.e. inflammation), which may include mild
localised pain or irritation. Mice will be given painkillers in experiments that are known to
cause persistent (>1 day) or more serious acute discomfort (i.e. pancreatitis).

We will investigate how tissue-resident immune cells are involved in cancer: These
experiments will cause short-term discomfort associated with the implantation of tumour
cells (i.e. injection); Surgical implantation of tumour cells will cause medium-term
discomfort, that will be managed by painkillers given before and after the surgery. Tumour
formation will cause long-term discomfort associated with cancer; this can include:

a) physical hindrance due to tumour mass

b) impaired organ function due to tumours, such as shortness of breath (lung cancer), or
gastrointestinal malfunction - leading to weight loss or ascites (pancreatic cancer)

c) pain due to tumour growth. We will carefully monitor mice in these studies, and have
specific thresholds to limit adverse effects.

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)?

Some mice will be kept for breeding, or experiments without any procedures performed
(sub-threshold) (30%)

Some mice will be exposed to procedures that cause mild adverse effects (40%)
Some mice will be exposed to procedures that cause moderate adverse effects (30%)
What will happen to animals at the end of this project?

e Killed
e Used in other projects

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?

Tissue-resident immune cells, and their role in wound repair and cancer development can
only be accurately studied in animal models. Mice represent the best model organism,
given the similarities between mice and humans.
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Major specific reasons for using mice are:

There are many shared reagents available to immunologists and tumour biologists that
work for mice, including antibodies for mouse proteins, or genetically altered mouse
models that specifically focus on immunology or tumour biology.

There are many disease models available in mice already, which are known to accurately
model human disease.

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

We use non-animal methods, or methods that reduce animal use, wherever possible. For
example, we generate cell-lines from mouse tissues, which can be used in experiments
that don't use mice. We also developed ‘organoid’ or 'explant' cultures, where one mouse
organ is made into many small organs, or organ slices, which can be used for many future
experiments (thus essentially replacing mice).

We also use bioinformatic methods to study, and model, immune cells and tumours. For
these experiments we still require small numbers of animals to obtain immune and tumour
cells; however, these experiments generate very rich datasets, which can be used to
predict how cells interact, or react in different diseases. Importantly, these are only
predictions that need to be validated in either cell-lines or in mice.

Why were they not suitable?

However, to accurately model the microenvironment of tissue-resident cells, one needs to
consider the complex interactions that occur in a live animal. For example, the immune
system relies on constant interaction with blood-derived cells, and lymphatic drainage,
which cannot be accurately studied outside of the body. Tumour development also
behaves very differently inside our bodies compared to cell-lines, which are not exposed to
the selective pressures of the tumour-microenvironment.

Therefore, while we use non-animal models wherever possible to address more simple
guestions, we also need mouse models to study how immune and tumour cells behave
within the body.

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 majority of the lines in the colony will be maintained on the C57BL/6 mouse strain
background which is optimised for immunological studies. This has been used as the basis
for our breeding strategies. An assessment of the reproductive performance of the
C57BL/6 strain has been detailed in the Laboratory resource: ‘Breeding Strategies for
Maintaining Colonies of Laboratory Mice’ produced by The Jackson Laboratory.
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As standard, our breeding stock will be maintained at minimal levels with 1-2 breeding
pairs of different ages at any one time. Breeding pairs are mated typically at 6-8 weeks old
and allowed to have 5-6 litters (approx. 30 week breeding period). Replacement breeders
will be taken from the stock mice produced or bought in from commercial breeders (for
inbred wildtype strains). We try to avoid sibling mating where possible. During the course
of the proposed work we estimate we will breed a combination of approximately 30 mouse
strains carrying modified immune genes at any time, split between our Mild and Moderate
Breeding Protocols (Protocols 1 and 2). When colonies are expanded for experimental
purposes, breeding trios tend to be used to maximise pup numbers of similar age and
provide appropriate littermate controls. The majority of mice bred from the expanded
colonies will be used for tissue collection for ex vivo work or in subsequent protocols,
however there will be the production of unwanted experimental mice which may be used
for replacement breeders or culled unused as excess. We currently have 30 mouse lines
on each of our mild and moderate breeding protocols - some lines are for breeding
purposes only and some lines are expanded for experimental mice. An estimation of the
number of breeding females at any one time is given in Table 1.

Table 1: Estimated Breeding Females for Mild and Moderate Breeding Protocols

Mild Breeding (Protocol 1) # Moderate Breeding (Protocol 2) #
Breeding only (continuation of Breeding only (continuation of
line/breeder for experimental crosses) 3 | line/breeder for experimental crosses) 1
Experimental crosses 60 Experimental crosses 6

Total breeding females 63 Total breeding females 7

From these numbers, we have estimated the number of mice which will be produced from
our breeding strategy over the next five years, taking into account that breeding females
will be replaced every 30 weeks (a replacement factor of 1.73 a year). This has given us
estimated mice numbers for Protocol 1 19530/5 years and Protocol 2 2170/5 years shown
in Table 2, allowing an additional 10% for variations in breeding numbers over the five
years.

Table 2: Estimated mouse numbers produced on Mild and Moderate Breeding protocols
over 5 years.

Mild Breeding (Protocol 1) Moderate Breeding (Protocol 2)

Active breeding females 63 7

Replacement factor (per year) 1.73 1.73

Breeding females per year 108 12

No. of litters perfemale 5.4 54

Average litter size 6.09 (born), 5.60 6.09 (born), 5.60 (weaned)
(weaned)

No. pups born per year 3,551 395
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No. mice born over 5 years 17,755 1,973
Protocol No. (+10%) 19,530 2,170

For many of our experimental models our initial calculation, in consultation with the
establishment statistician, have suggested we require 7-9 mice per group per experiment.
Depending on the controls required for individual experiments, this means the use of an
average of 20 mice per experiment, 10 mice per group (control and test) allowing an
additional 10-20% per group for experimental losses (such as from tumour engraftment
problems or technical dosing issues etc). This will be amended as we gain more
information from our experiments and will also vary depending on the number of test
groups required per experiment (we may, for example, have a control and 2 test groups in
some instances). Most of our proposed disease models are well established and robust,
however for some cancer studies, for example, there may be a more variable onset and
this may necessitate larger cohorts to demonstrate significant differences. Estimated
number of experiments to be performed on each experimental protocol are detailed in
Table 3below.

Table 3: Estimated number of experiments and mice used on experimental protocols.

Protocol No. mice per No. No. mice per No. mice over
Number and experiment experiments year 5 years

Name per year
Protocol 3 20 50 1000 5000
(immune
response)
Protocol 4 20 10 200 1000
(chronic lung
inflammation)
Protocol 5 20 10 200 1000
(chronic
pancreatitis)
Protocol 6 20 5 100 500
(subcutaneous
tumour)
Protocol 7 20 25 500 2500
(intravenous
tumour)
Protocol 8 20 25 500 2500
(intraperitoneal
tumour)
Protocol 9 20 10 200 1000
(mammary
tumour)
Protocol 10 20 25 500 2500
(orthotopic
pancreatic
tumour)
Protocol 11 20 10 200 1000
(orthotopic
lung tumour)
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Protocol 12 20 10 200 1000
(orthotopic
ovarian
tumour)
Protocol 13 20 10 200 1000
(naturally
progressing
tumour model)

These are our current estimates for the project licence over the next five years, but will be
adapted and refined as we increase our understanding of the field and our breeding and
experimental requirements.

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

When designing experiments we will initially perform pilot studies to determine the
observed effect sizes to ensure that we use the minimum number of mice per group that will
be informative. In addition, we will consult with statisticians within the establishment before
starting the experiments and throughout when required to ensure statistical confidence.

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

We intend to run the administration of our mouse strains centrally, using the Pl and
laboratory manager as a central communication point between all users working under the
licence and the animal unit staff where the mice are housed. This ensures we can optimise
strain breeding to support multiple studies. Should excess mice arise, these can be shared
with other researchers who have the authority on their licence to receive them.
Collaborating in this way avoids mice being bred and not used, and also avoids duplication
of breeding strains within the same facility. The strict control of mouse stock ensures
excess breeding is avoided and all mice bred are used as productively as possible. We
have quarterly dedicated laboratory meetings to manage breeding strategy to suit the
demand.

All mouse lines not in current use are kept on minimal breeding. Where possible, the mice
are bred as homozygous lines (providing they do not have a harmful phenotype) and when
breeding heterozygotes, littermates are used as controls for experimental work. We have
the facility and expertise at the Transgenic Unit of the establishment to freeze
embryos/sperm, and this will allow us to store those lines needed for future studies but
where no research work is planned in the immediate future.

Every opportunity will be taken to decrease the number of animals used for each
experiment, whilst still maintaining the statistical significance of the subsequent data. We
would undertake pilot studies when using procedures and models new in our hands, to
ensure they are optimised before large scale experiments are carried out. To maximise
information, multiple body sites will be examined from each animal and multiple analysis
types will be conducted on each sample, where possible. Samples can also be archived,
e.g. we have optimised cryopreservation of immune cells and created a bank of peripheral
immune cells and bone marrow, which can be retrieved and used for future in vitro
functional studies, adoptive transfer for in vivo disease models and for production of
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chimeric mice. RNA and protein samples can also be stored, allowing us to revisit a
previous study to perform further analysis without the need to repeat the experiment.

We have setup a clinical research study and have optimised protocols to phenotype and
analyse various immune functions in various human immune cells from cancer patients,
and healthy blood donors. This will reduce our need for some animal models since work
can be accomplished in human immune cells obtained from blood and tissues.

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 models and methods fall into five main categories:

Inflammatory models. The majority (80%) of these models target specific organ sites, and
cause transient localised inflammation that mimics human disease. Our models are well-
characterized in pilot studies, and when appropriate, reagents are titrated to avoid systemic
or overt inflammation.

Chronic inflammation models. These models mimic serious human disease (chronic lung
inflammation, and chronic pancreatitis) in the majority of mice (75%); we have refined our
protocols to cause the least amount of inflammation necessary to model human disease, to
limit inflammation to the organ of interest wherever possible, and include prophylactic pain
management in models where we anticipate pain.

Tumour metastasis models. These models mimic the spread of cancer to other organs; here
we have established specific protocols where the site of metastasis is more predictable.
While these models cause suffering associated with tumour spread, the effective targeting
of specific organs ensures maximum collection of data permouse.

Tumour formation models (orthotopic): These models involve the implantation of
tumourigenic cells into a specific organ site. While these mice will be exposed to serious
harm due to the implantation procedure, these models present the most refined method to
study tumour-immune interactions, and are also very robust in terms of disease
penetrance. Tumour formation in these mice also follows a more predictable trajectory, and
is amenable to more refined monitoring of cancer progression (i.e. bioluminescent
imaging).

Tumour formation models (spontaneous): These are the most accurate mouse models of
tumour formation. Some experiments require us to look at early stage disease, which is
not accurately modelled in the orthotopic models. The majority of these mice (75%) will be
humanely killed at an early stage of cancer development, and therefore won't suffer
significantly from cancer-related adverse effects.
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As we are interested in the role of immune cells, and tissue-resident inflammation in
cancer, we will very often (75%) combine tumour models with immune modulation. This
may have a protective or detrimental effect on cancer, and we will always perform tumour
or inflammatory models independently first to establish a baseline understanding.

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

The diseases or biology related to tissue-specific immune regulation and inflammation
apply mainly to the mature, adult, immune system. As these disease or immunological
processes occur over the course of several days to months, it is impossible to use
terminally anaesthetised animals in most cases. A small aspect (<2%) of our work will
involve asking very focussed questions about tissue-specific immune interactions by
visualising these interactions in terminally anaesthetised mice.

The processes of tumour metastasis or tumour development are also mainly associated
with adults, particularly the cancers we study. As cancer development and metastasis are
processes that take time, it is not feasible in most cases to use terminally anaesthetised
mice. Nevertheless, we have developed protocols to look at early metastatic seeding in a
small number (<2%) of terminally anaesthetised mice.

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

We will use several approaches:

Foremost, we perform pilot studies to define the expected harm; we work closely with
animal technical staff to then design the most comprehensive management and monitoring
plan.

We communicate very effectively with animal technical staff to capture unexpected
adverse phenotypes, or incorporate feedback into our animal protocols. For example, we
worked with animal technical staff to improve the non-invasive delivery of post-surgery
analgesic and animal housing conditions.

We work with the NVS and other expert users to refine our surgical procedures. For
example, our attendance at AWERB and user meetings resulted us identifying a specific
expert in orthotopic lung tumour models who shared more refined techniques with us.

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

Unless otherwise specified, the work in this project will be undertaken in accordance with
the principles set out in the Guidelines for the Welfare and Use of Animals in Cancer
Research: British Journal of Cancer (2010) 102:1555-1577 (referred to subsequently as
the ‘NCRI Guidelines’) and in the LASA Guiding Principles for Preparing for and
Undertaking Aseptic surgery (2010).

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

We will use several strategies:

We attend, and present, at dedicated meetings of animal users (i.e. monthly animal users

meetings, Animal Welfare Ethical Review Body (AWERB), meetings, national and

international scientific conferences). Here we will share and discuss our experiences with
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animal experiments, and actively search for more refined methods. We have used this
approach to refine some of our existing protocols (i.e. orthotopic implantation of the
pancreas and lung), which have led to PPL amendments to incorporate such advances.

We regularly search the literature for more refined protocols, and discuss these with our
animal technical staff. We have used this effectively to set up an assay to study early
metastatic engraftment of the lung, which was performed under terminal anaesthesia.

We actively engage the animal technical staff, and work closely with technicians, NACWO,
and NVS to refine our protocols and are very open to quickly adopting new approaches.
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2. Orthopaedic Infection

Project duration
5 years 0 months
Project purpose
e 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
e 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

Infection, Implant, Orthopaedics, Trauma, Reconstruction

Animal types Life stages
Rabbits adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
not required.

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 implantable medical devices and device coatings that
demonstrate the ability to eliminate any bacteria that adhere to the implant, preventing the
development of bacterial infection. The resulting decrease in infection rates and the
subsequent human and financial costs would be substantial justifying the use of animals in
technology development.

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?

Infection following repair of broken bones or joint (e.g. hip and knee) replacement is
recognised as a significant problem in orthopaedic surgery. Despite the care taken during

22|Page




i

Home Office

surgery bacteria can occasionally invade the implant surface resulting in failure to heal the
fracture or new joint being unstable and the need for further surgery to rectify the situation.
Current failure rates are up to 2% of initial implantation surgeries (and significantly higher
in secondary implant replacement procedures following previous infection), with treatment
methods involving removal, prolonged strong antibiotic treatment and eventual
replacement of the implant through further surgery. The impact of these infections is wide
reaching with significant patient discomfort, increased healthcare costs and in severe
cases, amputation of the infected limb.

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

The primary purpose of this project is to address the issue of orthopaedic implant infection,
which meets the definition of “control of disease, ill-health or abnormality” from the
permissible purposes of the Act. If a technology proves successful in this project and the
subsequent clinical trial then it would be coated onto the non-articulating bone
contacting/indwelling portions of orthopaedic reconstruction (Hip and Knee replacements)
and trauma fixation products producing a significant reduction in the rate of infection
associated with these procedures. In time the intention would also be to further
disseminate the scientific knowledge gained through peer reviewed publications.

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

This work intends to provide benefits to the patient in terms of reduced morbidity, hospital
stays or even mortality. Additionally the technology has the potential to reduce the cost
burden to healthcare systems caused by these infections (estimated in the USA to be
$1.89bn per year and in UK calculated to be £29.5m per year between 2015 and 2020 ,
increasing all the time due to the rise of antibiotic resistant organisms and increasing co-
morbidities). These benefits should begin to be realised from the point a product utilising
the technology is launched, which dependent on development timescales and regulatory
requirements such as clinical trials should take place within 5 years of completion of
successful animal studies on final product.

The project will also look to benefit the “advancement of biological science” in further
development and assessment of the clinical relevance of models for the assessment of
antimicrobial coatings for orthopaedic implants. This work will hopefully be published in
future, adding to understanding within the literature of orthopaedic device related infections
and technologies/strategies that may prevent them. This publication is likely to take place
in parallel with product launch, so is likely to take place within 5 years of the completion of
successful animal studies on final product.

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

The outputs of the project will be fully exploited through a number of different mechanisms.
For example; (a) product support data, (b) pre-clinical regulatory support data, (c)
conference abstracts and posters, (d) scientific publications outlining new experimental
models of bone repair. Model development may also involve the support of either
academics or clinicians, which will assist with knowledge transfer.

Species and numbers of animals expected to be used
e Rabbits: 200

Predicted harms
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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.

Live mammalian vertebrates are required that closely mimic the immune systems and
bone repair pathways in humans as much as possible to ensure that any data generated
can be translated to the clinical situation. Maturity of the immune system and skeletal
maturity are also required for this reason meaning adult animals are required.

The rabbit is a suitable model for the investigation of infection prevention due to their
relative susceptibility to infection compared to other small animals (rat, mouse etc.) which
allows a more clinically relevant dose of bacteria to be used to generate infection and
keeps down the number of animals required to demonstrate significance.

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

Surgically, under general anesthesia with recovery, an entry hole will be made through the
tibial crest to the medullary canal of the tibia. The bone marrow is then flushed from canal
and the canal is then reamed with a pin of marginally bigger size than the test implant
before the canal is flushed for debris. A bacterial suspension is then introduced either prior
to implantation of the test pin or in conjunction with this pin. The entry point is then sealed
and the soft tissue closed over the site. The estimated time of the surgical procedure is
approximately 1 hr. Once the animal has recovered from the effects of general anesthesia
it will be carefully monitored by qualified animal husbandry staff until the live phase of the
study is completed up to 4 weeks later. At the end of the study, the animals will be
humanely euthanised.

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

The project will involve the surgical implantation of a metal pin into a bone canal, which
may lead to some degree of discomfort following surgery, although this will be reduced by
the use of a minimally invasive technique and the absence of a fracture in the bone which
is not required for this work. Any discomfort will be minimised with the use of appropriate
pain relief. The establishment of a bacterial infection in the bone of the test animals may
lead to some moderate discomfort, however efforts will be made to minimise this with the
use of circulating antibiotics and appropriate pain relief. At the end of the studies the
animals will be humanely euthanised. In addition any animal showing severe signs of
suffering whilst on study (e.g. excessive weight loss, signs of uncontrolled pain, significant
lameness) will be humanely euthanised.

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)?

It is expected that greater than 80% of animals will experience moderate harm in work
under this protocol. The remaining 20% or less of animals will be classified as non-
recovery by failure to recover from anaesthesia due to either adverse reaction to the
anaesthetic itself, respiratory failure due to production of bone marrow emboli caused by
the nature of the procedure or being euthanised due to irreparable surgical complications.
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It is hoped that based on most recent experience with revised anaesthetic and surgical
procedures that this will be reduced below 10% of animals.

What will happen to animals at the end of this project?

e 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?

There is no suitable in vitro alternative to the animal model for assessment of infection
prevention.

However prior to animal testing the basic antimicrobial properties of the coating against the
strain of bacteria that we propose to use in in vivo studies will be assessed via in vitro
methods. Bacterial kill away from and at the implant surface will be analysed, ensuring that
only once a formulation has shown efficacy (within the limitations of in vitro testing) will it
be considered for animal studies.

In vitro methodologies, whilst providing a screen to optimise coating formulations, cannot
replicate the complexity of device related infection within a host organism. Cellular repair
mechanisms, immune defence, inflammation and host animal/microbe interactions cannot
be accurately replicated by in vitro cell culture/microbiology studies. In order to truly
assess the potential of a coating that can reduce implant infection in the human
population, in vivo studies in the presence of these complex elements, are required.
Additionally, prior to granting a licence to carry out the clinical trial and before launch, the
final product will require animal testing within the model described in Protocol 1 of this
licence application, demonstrating efficacy as detailed in the requirements of “FDA
Decisions for Investigational Device Exemption (IDE) Clinical Investigations”, section 8.1 —
non-clinical testing, UK Medical Devices Regulations 2002 (SI 2002 No 618, as amended)
(UK MDR 2002) the EU Medical Device Directive (93/42/EEC) and EU Medical Devices
Regulation (Regulation 2017/745).

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

As stated previously in vitro methodologies are used to screen potential test formulations,
but these have limitations when it comes to truly assessing the anti-infective efficacy of
technologies.

Why were they not suitable?

To date there are no in vitro approaches, even those using tissue explants or co-culture of
bacteria and immune cells, that can fully replicate the complex interactions of test article,
host immune system, circulating antibiotics, inflammation and host animal/microbe
interactions. All these elements are required to ensure an accurate replication of the
environment a product will be required work in in the clinical setting.

The Project consists of an extensive laboratory based safety and microbiology testing
regime to select the most appropriate anti-infective coating for implant surfaces (e.g. an
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intermedullary nail), allowing selection of the best formulation(s) for development. While
this testing will allow accurate selection of prototypes, it cannot replicate the complex
biological interactions at work within the body, thereby making performance testing in
animals an essential part of the plan before human trials can commence. Demonstration of
efficacy and safety in an animal model is also a requirement of regulatory agencies prior to
clearance for human trial and eventual product launch.

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 number of animals per species required will be determined from a number of sources;
The experiences gained from previous licences.

Advice and approval of protocols by regulatory agencies.

Our statisticians input at the planning stage of the in vivo studies to advise on study
design, post live phase analysis and to determine the minimum number of animals
required to provide sufficient likelihood of a meaningful outcome.

Previous studies or studies reported in the literature will be used to provide variability data
to aid this process, or pilot studies will be conducted to generate such data. This will
reduce the numbers of animals used in total without compromising the data/information
obtained.

Our organisation's AWERB, which will assess all protocols and experimental design prior
to the start to ensure a minimum number of animals are used to the meet the study
objectives.

Our AWERB review every proposed study in addition to reviewing the protocols proposed
in this licence.

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

Our organization will adopt multiple strategies that will help ensure that the fewest number
of animals will be used in the research to address the scientific questions outlined in the
project.

SUBJECT VARIABILITY: Variability will also be reduced through the procurement of
animals of consistent breed, sex, age and weight ranges and through application of animal
acceptance criteria for each study.

BIOSTATISTICS/POWER ANALYSIS: Statisticians will be consulted in the planning stage
of the in vivo studies to determine the minimum number of animals required to for
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statistical analysis and to answer a scientific question being asked. This will reduce the
numbers of animals used in total without compromising the data/information obtained.
Consultation with a statistician will comprise setting clear study objectives, and ensuring
appropriate output measures are collected and analysed using appropriate statistical
methods. Sample sizes will be determined based upon the needs of the study which may
be tailored for either welfare, pilot, validation or efficacy/non-inferiority/equivalence. Where
powered, historical data will be used to determine the appropriate sample size to achieve
the required study power. In order to minimise animal numbers used across the project
every effort will be made to test as many candidates as possible in a single experiment
against a single control group. Based on previous experience with this model the rate of
infection/colonisation in control animals is known and so the number of animals in a given
study required for a technology to show statistically significant improvement in this rate is
also known. This defines the number of animals required per study. This approach, in
terms of being an appropriate level of confidence of efficacy, has been provisionally
agreed with regulatory agencies.

Where historical information is available the study size will be determined by the minimum
numbers required to provide sufficient power (at least 80%) to achieve the desired
outcome.

To further minimise numbers, where possible, one sided statistical tests will be used. The
objectives dependent on the outcome measures may be to show superiority to a control,
non-inferiority to a predicate or gather device performance data. Sources of variability will
be controlled by giving careful thought to potential sources of error, bias and variation in
measurements, and making every effort made to minimise them. This will include (a) using
well-characterised implants that are within specification, (b) defining the success criteria of
the study, (c) adopting a consistent surgical technigue across the studies, (d) providing
adequate time for acclimatization, (e) training of staff, (f) blinding observers and
participants to the study hypothesis, and (g) adopting a randomisation schedule in order to
reduce bias and interference caused by irrelevant variables.

LOCAL ETHICS (APPROPRIATE EXPERIMENTAL DESIGN): Our organisation's AWERB
will assess all protocols and experimental design prior to the start to ensure a minimum
number of animals are used to the meet the study objectives. Our AWERB review every
proposed study in addition to reviewing the protocols proposed in this licence.

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

IN VITRO TESTING: Prior to studies covered by this project licence extensive laboratory
based microbiology testing will be used to ensure that only the most promising
technologies will put forward for testing in animals.

QUALITY ANIMALS/VETERINARY CARE/PRE-SCREENING: Health screening of the
animals prior to surgery will help screen out individuals that are deemed to be unsuitable
for surgery. The loss of animals can also be minimized by providing good post-operative
care, use of quality regulated animal suppliers, and planning ahead so that the appropriate
number of animals needed for the studies are ordered.

PILOT WELFARE STUDIES: Pilot studies can be used to estimate variability and evaluate
procedures and effects. Where the primary output measure of the pilot study is to establish
acceptable welfare of animals subject to new procedures under this licence, no more than

four animals will be used.
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PILOT "POWERING" STUDIES: Where there is no adequate data to power a study, a pilot
will be used to gather sufficient data to design a definitive study. Typically, these will be
designed to provide a minimum of 10 degrees of freedom to estimate the error. For
example, a study with two groups would have a sample size of 6 per group. Where
historical information is available the study size will be determined by the minimum
numbers required to provide sufficient power (at least 80%) to achieve the desired
outcome.

APPROPRIATE USE OF ENDPOINTS - TISSUE SHARING: Where possible, harvested
tissues will be recycled for multiple testing, e.g. blood draws, biopsies, CT and histology.

SHARING ANIMALS: For instance, animals euthanized by one investigator can provide
tissue for use by another investigator on another licence or protocol.

NEW INSTRUMENTATION AND TECHNIQUES: Using new instrumentation or innovative
techniques that can improve precision can reduce the number of animals needed for a
study. This has the added benefit of also being a refinement technique for the protocol.

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 surgical techniques have been refined and our previous experience provides
reassurance that no long term lameness/significant pain should result. In addition work
carried out under the previous project licences has further refined the surgical technique,
anaesthesia and experimental parameters.

Assay methods and in vitro testing of test materials for antimicrobial efficacy,
biocompatibility, etc. have been developed and used to optimise the materials/factors to be
implanted. In vivo procedures required to optimally deliver and fix the factor/materials have
been fully developed and surgery successfully carried out previously at the our facility. All
analysis techniques, including histology have already been fully developed.

Aseptic surgery will be carried out using inhalation anaesthesia. The animals will be
sedated using premedication prior to inhalation anaesthesia (e.g. Alfaxalone) with
analgesia (e.g. Meloxicam). Analgesia (e.g. Buprenorphine and NSAIDs) will be given
post-surgery for a minimum of 24 hours. Previous work has shown no contraindications of
the probable analgesics of choice.

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

Live mammalian vertebrates are required that closely mimic the immune systems and
bone repair pathways in humans as much as possible to ensure that any data generated
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can be translated to the clinical situation. Maturity of the immune system and skeletal
maturity are also required for this reason meaning adult animals are required.

The rabbit is a suitable model for the investigation of infection prevention due to their
relative susceptibility to infection compared to other small animals (rat, mouse etc.) which
allows a more clinically relevant dose of bacteria to be used to generate infection and
keeps down the number of animals required to demonstrate significance.

Time (days to weeks) is required for the development of implant colonisation/infection in
order to differentiate between successful test technologies and the negative control group
therefore recovery from surgery and a live phase are necessary.

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

Refinement applies to all aspects of animal use, from housing and husbandry to the
scientific procedures performed on them. Continued investigation into animal refinement
will be sought through several sources, e.g. (a) careful choice of animal model, (b)
adoption of a multi-disciplinary team with expertise in animal husbandry, housing and care,
veterinary science, pain management, engineering and project management, (c)
improvements in animal procurement, transportation and quarantine, (d) improvements in
animal husbandry such as training of animals and group housing to habituate animals to
study procedures to minimise any distress, (e) implementation of housing, e.g. micro- and
macroenvironment, (f) increased monitoring and surveillance, (g) refinement in surgical
techniques, e.g. minimal invasive surgery that minimize animal pain and distress, (h)
appropriate anaesthesia, analgesia and sedatives to minimise pain and (i) post-operative
care/recovery and (j) pain management (anesthesia, analgesia).

SOPs will also be regularly updated and documented within our Quality Management
System, which is accredited to ISO9001. Staff training will also be made available through
attending courses and conferences and integrating with key opinion leaders.

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

Best practice approaches will be used to enhance animal well-being, minimize or avoid
pain and distress, and reduce the number of animals required to obtain the desired
research objectives.

Best practice on animal care and husbandry will also be achieved through several sources
including

(a) our facility's Animal Welfare and Ethical Review Body (AWERB) with an advisory
function on ethical matters,

(b) UK Home Office guidelines on Animal Testing and Research
https://www.gov.uk/guidance/research-and-testing-using-animals,

(c) NC3Rs, which is a UK-based scientific organisation dedicated to replacing, refining and

reducing the use of animals in research and testing (the 3Rs) https://www.nc3rs.org.uk
and
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(d) consultation of the Guide for the Care and Use of Laboratory Animals (Source: National
Research Council of the National Academy of Sciences 2011).

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

The subject matter experts that are employed within the animal facility will engage in
continuous professional development that will ensure best practices in pharmacology,
radiography, animal husbandry and welfare are regularly adopted during the lifetime of the
project.
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3. The mechanisms of modulating nerve cells networks
and their implications for neuronal excitability

Project duration
5 years 0 months
Project purpose
e Basic research
Key words

Autism, nervous system, development, excitability, animal models

Animal types Life stages
Mice adult, juvenile, pregnant, neonate
Rats neonate

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
not required.

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 study aims to determine how specialized regions of nerve cells control overall brain
excitability. We will elucidate the molecular mechanisms that governs the structural
modifications of these specialized regions and how such modifications lead to altered
nerve cell excitability under normal circumstances and in autism spectrum disorders.

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 numerous nerve cells in the brain termed “neurons” modulate the excitability of the
brain. This modulation of brain excitability is important for brain development, learning,
memory formation, and social interaction. There is growing evidence to suggest that the
excitability of neurons may also be regulated by a distinct region of the neuron - the axon
initial segment (AlS). The AIS is a dense network of several proteins including ion channels
and membrane proteins. Importantly, several autism spectrum disorder susceptibility genes
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encode AIS proteins. The structural modifications to the AIS have been reported in several
mouse models of autism such as Fragile X and Angelman syndrome.

Hence, the underlying mechanisms of AIS alterations and how it influences neuronal
excitability are key questions relevant to the function of neural networks in health and
autism. This may eventually offer possible targets for influencing excitability-associated
behaviour such as repetitive and restrictive behaviour in patients with autism.

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

The overall research objective is to pursue a detailed analysis of mechanisms of activity-
dependent changes to the AIS. This ability to activity-dependent change is called
‘plasticity’. Our research will generate considerable data on protein localisation, transport
and how these influence AIS plasticity to regulate neuronal excitability. This will be critical
for identifying new targets to manipulate neuronal excitability in physiological and
pathological conditions.

The novel findings will be published through primary research publications that are
available to the wider academic community.

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

The people who will primarily benefit from this research are neuroscientists, cell biologists,
developmental biologists, and students. The structural organization and function of the AIS
regulating neuronal excitability are fundamental research questions. This study on activity-
dependent changes in the AIS will benefit researchers investigating mechanisms of
neuronal development, functions, and excitability. Further, this work may reveal how other
specialized regions of neurons are assembled and regulate neuronal excitability. This will
benefit all researchers who are studying the development of the nervous system and
neuronal excitability-related disorders such as intellectual disability, epilepsy, and attention
deficit hyperactivity.

The larger community including cell biologists and those who are studying protein
transport will be interested in the mechanisms of protein transport and targeting of proteins
to specific locations. Disturbances to protein transport have been implicated in several
diseases, including Alzheimer’s disease and multiple sclerosis. Therefore, my research on
how neuronal activity modulates protein transport and facilitates protein targeting can
boost that area of research.

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

| will have several collaborations within and outside the institution. This will help in
efficiently establishing live-cell imaging and further analysis. | will attend conferences both
international and within the UK/EU to share and discuss my research with the wider
scientific community, including neuroscientists, cell biologists, and developmental
biologists. Our centre regularly publishes articles about the research activities of the centre.
| plan to write articles about my scientific research to reach a wider audience of students,
scholars, and other institute members interested in research activities. Further, | will
participate in science festivals and the Open Day to engage with the general public. | will
disseminate our ideas and research to generate enthusiasm about scientific research.
Finally, I plan to have regular updates/newsletters about my research activities on my
personalized laboratory webpage and on social media platforms to engage with the wider
research community, students, and the general public across the world.
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Species and numbers of animals expected to be used

e Mice: 2000
e Rats: 750

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.

However, to understand anatomical changes of the brain, we need to have a model with a
sufficiently developed network of nerve cells. Currently, the mouse and rats are the only
mammals where it is feasible and practical to perform the genetic manipulations required
for our analysis. Postnatal days (0-

2) days can generate excellent neurons that can grow in a dish. For experiments with brain
slices, animals at an appropriate age are chosen. At this stage, the animals will have
mature nerve cells and developed networks of nerve cells. This will be important to
determine how activity can modulate specialized regions of the brain cells.

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

In order to grow neuronal cells in a dish, animals aged postnatal days 0-2 will be
decapitated and brain tissue will be used.

The animals will be humanely killed by an overdose of anaesthetics. Following that, brain
slices will be generated for the study.

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

The animals will be humanely killed rapidly to avoid any adverse effects. The genetically
altered animals used in this project should not develop any conditions that will cause them
any significant harms. They will be bred and maintained at the facility under standard
protocols. The animals exhibiting any unexpected harmful abnormal phenotypes will be
humanely killed. In the cases of individual animals of particular scientific interest, we will
promptly seek advice from the Home Office. At the end of each experiment or at the end of
their breeding life, animals 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)?

100% of the animals (both genetically altered and wild-type (i.e. normal)) used on this
project should experience only a very low level of harm.

What will happen to animals at the end of this project?
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e Killed
e Used in other projects

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?

In order to understand behavioural/anatomical changes resulting in neuronal excitability,
we need to have a model with a sufficiently developed network of nerve cells. Currently,
the mouse is the only mammal where it is feasible and practical to perform the genetic
manipulations required for our analysis.

Whilst elements of neurodegeneration and neurodevelopment can be modelled in cell
culture (growing brain cells in a dish), complex intercellular interactions in the nervous
systems must always be referenced to the processes as they occur in either the intact
animal or in tissue culture taken from animals, in the case of this project, mice, and rats.
The use of live animals is required to achieve the scientific aims. Only mammals have a
sufficiently developed nervous system to readily compare to humans. Nevertheless, we
aim to make extensive use of cell culture and brain slices recapitulating neuronal
development from postnatal mice and rats aged P0-10. These will be ideal for live imaging.

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

We take advantage of several non-animal alternatives and routinely use immortal cells and
computer- assisted analysis that do not involve the use of animals.

Why were they not suitable?

The intact nervous system is a prerequisite to study the general excitability of the neurons
and hence non-animal alternatives are not suitable for this project.

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 experimental designs and methods of analysis have been discussed with statisticians
and fellow collaborators. We will use the least number of animals to generate scientifically
valid data, generally based on the power calculation and existing published literature.

We will generate neuronal cells from the postnatal animals to grow them in a dish for the
investigations. This will reduce the number of animals significantly.
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What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

Generally speaking, statistical analyses generally by 2-tail Student’s t-test or one-way
ANOVA require no more than 4-5 animals per condition totalling 8-15 animals per
experiment because, fortunately, the effects tend to be so clear cut.

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 use rat and mice pups to generate our cell culture and slice culture models. This
means we can use fewer animals as the breeding pair can be reused for the experiment.

In order to seed 4 imaging chambers with neuronal cells, 2 mouse pups and 1 rat pup are
required. However, these chambers can be repetitively imaged for up to 4 weeks. This is
extremely efficient and means we do not have to keep generating new neuronal cell
culture to study longitudinal changes with time in neuronal development.

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 are using genetically altered mice to understand the function of genes that regulate
fast communication of the nervous system network. The genetically altered mice will be
maintained by breeding with wild-type mice. They will also be bred for analysis by
generating mice where the activity of genes will be removed.

For cell to cell communication in a developmental context, such as in neuronal
development, it is essential to look at in vivo biology. The most efficient and most effective
way of assessing the function of proteins in this context is to either increase or remove the
activity of their genes using genetic alteration techniques.

In general, the severity level of our genetically altered mice is Mild. It should also be noted
that none of the genetically altered animals where the activity of the gene of interest is
either removed or increased has adverse phenotypes. We will use wild-type rats (e.g
Sprague Dawley) at postnatal days P0-10 to generate our slice culture and cell culture
systems using brain tissue. These are excellent model systems to study neuronal
excitability.

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

Postnatal days (0-2) days can generate excellent brain cells that can grow easily in a dish.
For slice culture, animals at an appropriate age are chosen. At this stage, the animals will
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have mature nerve cells and a developed network. This will be important to determine how
neuronal network activity can modulate the specialized regions ofthe nerve cells.

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

The severity limit is mild, and only competent and highly trained staff will conduct the
experiments. We take advice from the local veterinary team in the facility to minimize
welfare concerns.

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

To improve the welfare of the animals, anaesthesia, analgesia and general protection will
be provided to the mice to avoid any suffering prior to manipulation or killing for the
experimental procedures, using approved methods.

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

We regularly review the scientific literature and consult veterinarians to alleviate adverse

effects. We constantly have discussions with colleagues and attend scientific seminars to
stay informed about advances in the 3Rs.
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4. Pathobiology and treatment of brain tumours

Project duration
5 years 0 months
Project purpose
e Basic research
e 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

Brain Tumour, Nanopatrticle, glioblastoma, cancer therapy, CRISPR Cas9

Animal types Life stages
Mice embryo, neonate, juvenile, adult,
pregnant, aged

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
not required.

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?

In this study we generate brain tumours in mouse models, which are engineered to be as
similar as possible to malignant human brain tumours. These human tumours,
glioblastoma and astrocytoma, are still difficult to treat, and we will use the mouse model
to find novel ways of getting treatment drugs into the brain tumour.

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?

Over the last 10 years much has been learned about how human brain tumours can be
diagnosed more reliably. This was possible through genetic studies which have identified
tumour-related genes that are unique to certain types of glioma. We are re-creating these
tumours in mice to find better ways to treat these tumours. To do this, we need to find novel
drugs, and we need to bring them in small vehicles (so- called Nanoparticle) into the
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tumour cells. This method is too early to be tested in humans and we first need to find out
what works well and what is unsafe, using our models

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

Atthe end of this project we will have a better model for a certain type of human
astrocytomas, a brain tumour that grows diffusely into the brain and is difficult to control.
We will also have tried novel treatments using encapsulated drugs that we can deliver to
these brain tumours without causing too much harm to the healthy parts of the body.

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

The primary beneficiary will be the scientific community, including basic scientists,
oncologists and members of the medical community involved in clinical trials. Even though
it sounds very ambitious, it may be possible that there are early clinical trials at the end of
this project (i.e. in 5 years) using these nanoparticles. Medical safety tests for these
nanoparticles have already been passed, and in this project we want to use the
nanoparticles to deliver certain drugs to the tumour and test how effective this method is.

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

We have an established track record in publicising our work on national and international
conferences, and of course through peer reviewed publications. Through our work with
brain tumour charities, we can also communicate such results with charities, who often
have a wide network of patient interest groups.

Species and numbers of animals expected to be used

e Mice: 10000

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 mouse is a well characterized model system to mimic human diseases. We have
chosen to use a genetic approach to study brain tumour formation, as it allows for
controlled and predictable experimental conditions as compared for example to
carcinogen-induced mutagenesis, which has been often used in the past.

To mimic the human brain tumours arising in young adults (astrocytoma) we need to mimic
the time at which these tumours start growing, also in mice. Therefore, the induction of
tumours happens in very young mice, and the tumours become mature in middle aged
mice (60-80 days of age).

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

The first step to create animals of the desired genetic make up, is the breeding of several
strains of genetically modified animals. These animals are basically healthy and show no
adverse effects. The experiment starts with an injection of very small volumes (1 pL) of a
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solution containing a virus which causes genetic changes in specific brain cells. This leads
to the growth of these brain cells into a tumour.

Typically, such tumours are induced in newborn mice and tumours develop after 30 -60
days, depending on the combination of genes. Once these tumours grow, we inject
nanoparticles, which are harmless, biodegradable substances. However, these
nanoparticles can contain treatment drugs which are designed to reach the brain tumour.
Whilst this is happening, animals may be monitored by imaging methods, to show the
growth or shrinkage of these brain tumours.

At the end of an experiment, the animal will be humanely killed (schedule 1 method) and
cells will be derived to be grown in the laboratory, or brains will be analysed using
histological and immunohistochemical methods.

Number of procedures: breeding, intracerebral injection (tumour induction), intraperitoneal
injection on multiple occasions (delivery of nanoparticles), and schedule 1 killing. Optional
additional procedures are imaging and behavioural tests

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

The main aim of this project is to understand the growth of brain tumours in a mouse
model. Therefore, our experiments need to form cancer cells in the brain, which eventually
will grow into tumours. A Brain tumour has a side effect on the behaviour of these animals.
These include weight loss, reduced movements, and withdrawal from the group.
Therefore, our trained animal staff monitor these animals on a regular basis (daily) and
specifically watch out for these signs. Once a mouse shows one or more of these signs
such a sign, it will be humanely killed and used for further analysis, which includes a
thorough tumour analysis with molecular biology methods, growing cells from it or the
analysis by a pathologist. The expected level of severity in the above circumstances is
moderate.

A proportion of the animals will be treated with nanoparticles, a method to deliver cancer
drugs to brain tumours. In these experiments we will establish if the drug has any tumour
delaying effect. These experiments are devised as follows: (i) treatment and control
cohorts are culled at the same time, as soon as one of the cohorts shows clinical signs.
This is to establish by histological analysis if the treatment group has a smaller tumour
size. (ii) each of the cohorts (treatment/therapy and control) will be culled when
neurological signs appear, to establish the survival differences between control and
treatment group.

Imaging experiments on the treatment and control cohort will be performed before the
expected onset of symptoms. These timelines will be established prior to planning the
imaging 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)?

Production of genetically altered mice: severity: moderate (5%), all other animals mild
severity.
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Neural development and neoplasia: severity moderate (80%), all other animals mild
severity

Superovulation: severity mild (all animals)

Embryo recipients: severity moderate (20%), all other animals mild severity
Generation of founders: severity mild (all animals)

Vasectomy: severity moderate (all animals)

What will happen to animals at the end of this project?

e 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 main aim of this project is to understand the growth of brain tumours in a model that
can be genetically modified but also has sufficient similarities to the human brain to be
realistic. To study the growth of a tumour, we need a model in which the tumour growth
can be followed with methods similar to those used for human brain tumours, such as
magnetic resonance imaging.

Complex diseases such as CNS development and tumourigenesis can only be studied in
whole organisms and the mouse is a commonly used and well characterised model
system to mimic human diseases. The generation of new mouse models, closely
mimicking the human neoplasms, are essential models to understand the cell of origin and
pathogenesis of brain tumours, study the direct interaction with the central nervous
system, and evaluate how the tumour response to therapeutic approaches

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

We are already using alternatives to in vivo models. Often, some hypotheses are
generated by cells or cell lines that are derived from such mice, or indeed from human
tumours. Once we have identified biomarkers identified in vitro, we validate them by
inducing or repressing genes in our in vivo models.

We have successfully replaced some of the in vivo experiments with organoids, which can
be grown from tumour stem cells, in a cell culture dish. Other methods use organoids
derived from human brain cells and tumour cells interact with the non-neoplastic
organoids. However, the treatment of a brain tumour with a drug, delivered via
nanoparticles, can only be simulated in a live organism. This live organism must have
developed a tumour that is sufficiently similar to human tumours and therefore the
organism must be amenable to genetic manipulation.

Why were they not suitable?
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The use of three-dimensional organoids is very good to study some basic behaviours of
tumour cells, such as clonal expansion and tumour cell diversity (in fact we found that for
studying these features, in vitro approaches are superior to animals). However, the in vitro
(i.e. in a cell culture dish) cells or organoids cannot replace a live system in which
nanoparticles are transported through the body to reach the brain. Also, such in vitro
models cannot replicate the appearances and growth of human tumour, in particular the
interactions with the surrounding normal brain.

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 were estimated based on previous experimental data, efficacy
and efficiency that we established with previously tested methodologies.

This number needs to be supplemented by a contingency to allow for testing experimental
variables, new drugs that become available during the course of the project, and to
account for additional genes that need to be examined in the mouse models.

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

By using live animal imaging (for example MRI, magnetic resonance imaging), we can
follow the growth of tumours at various time points in development without the need of
killing these mice, thus reducing the number of mice.

We derive stem cells from genetically modified mice, which can then be further studied in
cell culture. This has already the previous license reduced the number of mice that would
have undergone an invasive procedure. The benefit of this approach is the generation of
differential expression data, which will subsequently be evaluated and validated invivo.

We have determined that 12 mice are needed per group in our xenograft studies
(transplantation of human cells into mice) in order to achieve statistically significant and
reproducible results.

We constantly evaluate our methodologies and aim at best practices in relation to the 3Rs.
For example, we found that by injecting a new type of virus into newborn mice significantly
speed up the development of the tumour. Previously it took nearly one year to form a
tumour, and now it is just above a month. Also, the rate of tumour formation is now nearly
90%, in comparison with 20% previously. This considerably saves on mouse numbers and
oncost.

We have replaced the need for complex breeding schemes by a faster, simpler gene
modification using the CRISPR Cas9 method
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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?

We are using an optimised model system allowing for an assessment of an experimental
outcome after only 4-6 weeks. This allows a quick modification of experimental variables
where appropriate. The optimisation is the use of a highly effective gene delivery system to
the brain to induce tumours, and a genetic construct that generate brain tumours at almost
100% efficacy. Any modification of a system reducing the efficacy will be identified within
very short periods of time.

The xenografting model uses established values for efficacy of tumour growth and this
allows us to adapt the number of recipient animals accordingly, and with the aim to
minimise overall experimental animals.

Finally, our overall genetic approach to induce tumours leads to a substantial reduction of
experimental animals, by obviating the need of many breedings and intercrossing to
generate desired genotypes.

Many of our tumours are now induced using the CRISPR Cas9 method, allowing targeted
and specific tumour induction, with substantially reduced numbers of animals with
unwanted genotypes

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 a well characterized model system to mimic human diseases. We have
chosen to use a genetic approach to study brain tumour formation, as it allows for
controlled and predictable experimental conditions as compared for example to

carcinogen-induced mutagenesis, which has been often used in the past. The 2™
approach is the use of mice receiving patient-derived xenografts, which is a worldwide
accepted, and standardised procedure. Such standardised procedures are important for
the comparability of data and eventually for publication.

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

We are indeed using newborn animals for nearly all inductions of intrinsic brain tumours.
This is a significant change from previously used protocols where 6-week-old mice were
used. For the injection of patient-derived glioma initiating cells (“xenografts”) we have
however to use an internationally accepted and validated standard method, to be able to
compare our data with those generated by other groups.

How will you refine the procedures you're using to minimise the welfare costs
(harms) for the animals?
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The procedures are regularly reviewed by the named veterinary surgeon and the NACWO.
Also our team continuously strives to minimise harm by refining procedures, establishing
safer anaesthetic methods, and using effective (daily) surveillance of all experimental
animals, we avoid gaps during which animals could develop neurological signs caused by
brain tumours.

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

We are following institutional guidelines and we follow the recommendation of the
AWERB. The application has been formally peer-reviewed, and follows guidance
published in RSPCA, the NC3Rs’ ARRIVE Guidelines 2.0, and LASA, 2015, Guiding
Principles on Good Practice for Animal Welfare and Ethical Review Bodies. A report by the
RSPCA Research Animals Department and LASA Education, Training and Ethics Section.
(M. Jennings ed.)

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

The project licence holder and all members of the team with personal licences participate
in monthly animal committee meetings. During these meetings such advances are being
discussed, encouraged, and continuous review of practice ensures we are up to date with
the 3R's, and this is documented in summaries, actions points and minutes of these
meetings. 3R's are also encouraged by funders of the project, and any reduction will also
have beneficial financial impact on the project.

We also receive NC3R newsletters, and are part of a department-wide incentive scheme
to reward individual members of staff for improving the use of the 3Rs in their work. |
encourage my staff members to attend NC3R talks and trial any new methods that would
improve our adherence to the 3Rs.
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5. The impact of integrin albl signalling on polycystic
kidney disease

Project duration
3 years 0 months
Project purpose
e Basic research
Key words

Kidney, ADPKD, integrin, Therapy

Animal types Life stages
Mice embryo, neonate, juvenile, adult,
pregnant

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
not required.

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?

To determine if the integrin albl receptor is required for cell proliferation in a mouse model
of Autosomal dominant polycystic kidney disease (ADPKD)

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?

Autosomal dominant polycystic kidney disease (ADPKD) is the most common, potentially
life threatening hereditary disorder, affecting 1 in 1000 individuals in the UK and around
the world. There is currently no cure for ADPKD and new treatments are required to
relieve the burden placed on the NHS and other healthcare systems worldwide.

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

The major output from this project will be new knowledge regarding the importance of a
molecule, integrin albl (introduced below), in cyst formation.
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Cysts are fluid-filled sacs that are a major feature of ADPKD and prevent the kidney from
performing its vital function of filtering toxins out of the blood. My previous findings
implicate a role for integrin receptors in the formation of cysts. Integrins are receptors on
the surface of cells that interact with proteins outside of the cell. These interactions
influence many diverse processes inside the cell (and also allow the cell to influence the
environment outside of the cell). There are 24 different types of integrin receptor, they are
composed of one alpha subunit and one beta subunit. The integrin receptor that | am
interested in is the alpha 1 beta 1 (albl) receptor as its expression is much higher in
zebrafish and mouse models of ADPKD and in human ADPKD patient tissue.
Investigating the role of integrin alb1l further, in a physiologically relevant animal model of
ADPKD, will rigorously test if targeting this receptor is a viable future therapeutic option to
prevent cysts forming in the kidney.

The findings of this work will be disseminated in peer-reviewed publications, to scientific
audiences at conference meetings, and to the lay public via forums such as Twitter and
presentations/conversations at events held by the UK PKD charity. Should integrin albl
be (as predicted) found to be important in cyst formation, a new target for therapeutic
treatment of ADPKD will be revealed.

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

In the short-term (3-5 years), the scientific research community (in particular researchers
involved in cystic kidney diseases) will benefit from the outputs of the project. New targets
for therapies to treat cystic kidney diseases (such as ADPKD) will be revealed, thus in the
mid- to long-term (5-15 years) these targets will be able to be further tested with the aim to
develop them for clinical application that will benefit patients with ADPKD and potentially
other cystic kidney diseases.

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

All data accrued in the project will be disseminated regardless of the outcome. This will
primarily be in the form of scientific publication (preferably in high-impact open-access
journals). To carry out the project | have already developed collaborations with world-
leading researchers in the USA and Europe, and | will use their guidance and expert input
to maximise the outputs from the work. The results of the work will also be of keen interest
to other world-leading experts and | will interact with these individuals in the hope of
fostering new collaborations and to ensure the results are disseminated to the widest
audience. | am also passionate about disseminating the work to lay audiences, in
particular to patient groups. To this end, | will present my findings to attendees at
workshops setup by the UK PKD charity.

Species and numbers of animals expected to be used

e Mice: Up to 2000

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 mouse model is the most rigorous system to study ADPKD and is the most
comparable to the human disease. The mouse model of ADPKD that will be used
develops cysts in its kidneys in the first 4-weeks of life, and so this life stage will be used to
carry out most of the investigations. A small proportion of animals will be grown to 6
months of age to determine the longevity of protection that integrin albl depletion offers in
the mouse ADPKD model. 6 months of age has been chosen as it is prior to the onset of
kidney failure and liver damage that occurs in the ADPKD mouse model. This older time-
point will permit comparative analysis of the effects that the presence or absence of
integrin albl has in ADPKD mice over a longer lifespan.

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

The mice will be bred and maintained using standard protocols. ADPKD mice will be
crossed to a mouse strain that is depleted of integrin alpha 1. All mice to be used for data
gathering will be killed using Schedule 1 methods at the desired life stage. Mice will also
be genotyped, which will most likely be done by ear biopsy, or by sampling either the blood
or hair, or by mouth swabbing.

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

The ADPKD mice may experience kidney failure, liver damage, abdominal discomfort,
kidney infection, and rapid weight loss due to cyst formation in the kidneys. These adverse
effects are unlikely to occur as the ADPKD mice will be humanely killed at either 4-weeks
or 6-months of age, prior to their onset.

The mice that are singly-deficient in integrin alpha 1 experience no adverse impacts and/or
effects. The crossing of ADPKD mice to mice deficient in integrin alpha 1 is predicted to
reduce the adverse effects present in the ADPKD mice, primarily by reducing cyst size and
maintaining kidney function.

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)?

All strains that contain the ADPKD genotype will be classed as moderate severity due to
the potential that these mice have the adverse effects described above. Toreduce harmful
effects, | will be mainly focussing my research on an early stage of life (4-weeks of age). At
this time-point, the mice have developed cysts but have limited adverse effects as a
consequence of their genotype. If ADPKD mice at 4-weeks of age show improvement in
their symptoms as a consequence of deletion of integrin alpha 1, | will grow some mice to
6 months of age to test the longevity of protection that loss of integrin alpha 1 provides.
Even at this stage of life, kidney failure will not have begun and other symptoms that are
characteristic of ADPKD are not predicted to be experienced at 6-months of age. However,
the ADPKD mouse model | am using can cause harmful effects, including abdominal
discomfort, kidney infection, kidney failure, and other non-kidney abnormalities (such as
liver and bile duct damage). This is why | am denoting the severities of the mice as
moderate even though the life-stages | will use will minimise the number of mice that
experience moderate severities.
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The Integrin alpha 1 depleted mice are a mild severity.

For the experiments, inheritance is Mendelian and so a quarter of the mice used will have
the adverse effects associated with the ADPKD mouse strain.

What will happen to animals at the end of 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 integrin albl receptor interacts with molecules in the outside of the cell that make up
the extracellular matrix. The extracellular matrix is the term used to describe the proteins
and other molecules that exist in the space outside of cells that makes up our body. The
extracellular matrix is very important to overall health. In cyst formation, the extracellular
matrix provides signals that enable cysts to grow in ADPKD. Non-animal models do not
form an extracellular matrix that is present in animal models and so animals are required
for this specific project. Non-animal alternatives do not have functioning kidneys that filter
toxins out of the blood, and so do not allow for any changes in kidney function to be
assessed. This is of paramount importance as ultimately, the maintenance of kidney
function is the key outcome of any potential future therapy that involves inhibition of the
integrin alb receptor signalling.

Which non-animal alternatives did you consider for use in this project?
Pre-independent feeding zebrafish models of ADPKD

Spheroid cultures

Kidney organoids

Why were they not suitable?

Pre-independent feeding zebrafish models of ADPKD - No model of ADPKD is available
in pre- independent feeding zebrafish that recapitulates the human disease. Zebrafish will
continue to be used to understand the earliest stages of the disease and how molecular
changes, caused by a loss of integrin albl, may benefit the disease progression. As such,
the use of mice in this project licence application is a partial replacement for the work being
performed in pre-independent stage zebrafish embryos.

Spheroid cultures - Spheroid cultures contain cells from a specific region of the kidney
called the proximal tubule. However, they do not have flow and do not contain other
structures important to the formation of cysts in a fully-formed kidney. As such, spheroid
cultures cannot be used for functional analyses and are not comparable to the human
kidney.

Kidney organoids - Kidney organoids are a highly valuable tool that have become an
important part of the toolkit for many kidney researchers. However, they are restricted by the
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fact that they do not filter blood because no bloodflow is present inside them. This means
that no physiological functional analysis (such as observing if the kidney is working better)
can be performed in kidney organoids. If the integrin albl receptor is discovered to be a
viable therapeutic target, kidney organoids might be best used to test specific therapeutic
options.

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?

To get statistically significant results we require to perform a number of crosses as we will
need to first cross the integrin al knockout mice to the ADPKD mice, and then cross these
mice in order to begin getting the genotypes we require. Only 25% of the offspring will
have the features of ADPKD.

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

As this project is based around breeding and maintenance, we have established a
breeding plan that will yield the required numbers of mice with the smallest number of
crossings.

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

Efficient breeding will be used to reduce the numbers of mice used in the experiments.

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 | will breed two mouse models. These are a mouse depleted of integrin al
and a mouse ADPKD model. These mice will be crossed together to generate the mouse
models required to test the involvement of integrin albl in ADPKD. | will use efficient
breeding and maintenance methods to yield these mouse models. Most mice will be
humanely killed at 4-weeks of age as this is a time-point when cysts are presentin the
kidney of ADPKD mice but is before the onset of harmful adverse effects. Some mice will
also be grown up to 6 months of age to determine the longevity of the predicted protection
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that integrin alpha 1 depletion offers to ADPKD mice. The ADPKD mice | will use can live
up to a year, but develop end-stage kidney disease from 9-12 months of age, therefore
humane killing ADPKD mice at 6 months will minimise the pain, suffering, distress, and
harm associated with this genotype.

Why can’t you use animals that are less sentient?
No models of ADPKD exist in other, less sentient animal models (such as zebrafish).

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

Post-genotyping, all ADPKD mice will be monitored closely for adverse effects such as
end-stage kidney disease, abdominal discomfort, kidney infection, dramatic loss of weight,
and loss of appetite.

| have refined my experimental design to minimise the welfare cost to the animals. Most
animals will be humanely killed at 4-weeks of age, and only a small proportion of ADPKD
mice will be grown past this stage, these will be humanely killed at 6-months of age or
earlier if signs of adverse effects are observed. This is prior to the onset of end-stage
kidney disease and other serious extra-renal abnormalities. Furthermore, the 6-months of
age protection experiment will only be performed if ADPK mice that have no integrin albl
receptor show reduced cyst size and improved kidney function at the 4- weeks life stage.
This will minimise the welfare cost to the animals by not performing an experiment
needlessly.

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

The NC3Rs website (https://nc3rs.org.uk/3rs-resources) will provide invaluable information
regarding best practice guidance, in particular with breeding and maintenance plans. The
PREPARE guidelines will also be adhered to (https://norecopa.no/prepare). Their major
theme is to ensure proper planning of experiments so as to reduce waste, promote
alternatives, and increase reproducibility in research involving animals.

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

Consultation with the staff in the animal facility and with the NC3Rs regional officer will
ensure advances in 3Rs are captured. All lab members will be required to use the online
resources available at the NC3Rs website before beginning experimentation. In particular,
the resources on breeding and colony management will be utilised
(https:/Inc3rs.org.uk/breeding-and-colony-management).

Attendance at 3Rs workshops organised by the animal facility will be expected.
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6. Strategies for the restoration of sight in retinal
dystrophies

Project duration

5 years 0 months

Project purpose

e Basic research
e 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

retina, stem cells, photoreceptors, photoreceptor replacement

Animal types Life stages
Mice adult, juvenile

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
not required.

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?

Photoreceptors are the retinal cells in our eyes that transform light into electrical activity.
Loss of these cells can result in severe vision impairment and blindness. New
photoreceptors can be generated in the laboratory from stem cells. The main aim of this
work is to test if the transplantation of new photoreceptors can bring vision back.

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?

Recent estimates indicate that the global number of people with sight loss is 285 million, of
whom 39 million are blind. Currently, there are no effective therapies to treat photoreceptor
loss; therefore, there is a requirement for new therapies to replace the lost photoreceptors
as proposed herein. The results from this work will allow us to test the effectiveness of
photoreceptor replacement on the vision. The optimised methods from this work can then
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be tested in higher models (e.g., non- human primates) and further translated into clinical
trials for patients with photoreceptor cell loss and dysfunction.

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

We would like to see at least two high impact factor publications and at least 6-10
presentations/posters in national and international meetings during this project. We intend
to optimise and define the best photoreceptor transplant strategy, which can then be
translated in non-human primates and finally to human patients. With this in mind, we aim
to be in a strong position to apply for funding to pursue early phase trials in human
patients.

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

Blindness has a significant impact on the quality of a person’s life often resulting in
depression, social isolation and premature death. This poses a major burden to society
due to lost productivity and earnings as well as the costs of treatment, rehabilitation and
education of the visually impaired and provision of visual aids. Recent estimates indicate
that the overall number of people with sight loss is 285 million globally, of whom 39 million
are blind. Diseases affecting the retina account for approximately 26% of blindness. The
final impact in retinal diseases is the loss of photoreceptors, a specialised type of
photosensitive neurons that are capable of light processing. To date there are no
treatments to restore lost photoreceptors and visual function, hence there is a pressing
need for research into the replacement and/or reactivation of dysfunctional photoreceptors
as proposed herein. Successful completion of this project will pave the way for producing
and testing photoreceptor transplants in non-human primates and ultimately in human
clinical trials. In view of this, the proposed research will benefit first and foremost the
patients with retinal disease, their families and carers and society as a whole.

The proposed research will benefit researchers in the fields of retinal sciences in health
and disease and clinical applications of vision restoration. Researchers will have an
increased understanding of how newly transplanted photoreceptors restore vision in
animal models of retinal disease.

Members of the research team will benefit from attending national and international
conferences to disseminate results and to maintain existing collaborations and foster new
ones. This work will also contribute to the training of several early-career researchers
including state-of-the-art molecular, stem cell, and neuroscience and bioinformatics
techniques. The proposed work will comprise the excellent further experience of cutting-
edge scientific research for the researchers funded by this proposal, providing further
development of their careers in academic biomedical research.

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

We plan to disseminate our research findings by presentations at national & international
meetings (ARVO Ophthalmic Research conference), Society for Neuroscience (SfN),
European Retina Meeting (ERM) and FASEB Retinal Neurobiology and Visual Function
meeting. Publication in relevant high impact journals will disseminate our data to academic
audiences. We consistently publish original research papers, reviews, and commentaries
in relevant journals (Nature Medicine, Stem Cells, Neuron, Nature Communication, Cell
Reports, and Biomaterials). We organize national and international networks and societies
and maintain regular engagement with patient charities (Macular Disease Society, Fight for
Sight, Retina UK, Yorkshire Eye Research, British RP Society and Northern Alliance)
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during patient-focused research days. Our Institute and research themes run external and
internal seminar series, to which we invite collaborators and experts to present their work
and to develop collaborations. Through these meetings and informal contacts, we will
maintain existing and foster new collaborations with academic and clinical researchers.
We will present at meetings that mark Rare Disease Day, Retina UK information days and
we plan meetings to continue discussion of inherited conditions and medical research
organised by the Biosciences Institute Public Engagement Committee several times per
year. We will contribute to public engagement activities organised by International Centre
for Life at Newcastle, British Science Festivals and other university Research Days as well
as the charities working in this area (Retina UK, Fight for Sight etc).

Species and numbers of animals expected to be used

e Mice: 613

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 use of mammals is essential, as the retina of most other species either differs
substantially from the human retina from a structural/functional point of view or is too small
to allow reliable subretinal cell injections (e.g. zebrafish). Easy breeding and fast
development (especially compared to primates) makes mice a valuable tool for performing
multiple experiments in which various parameters can be measured with sufficient
statistical power within a relatively short time span. Results can then be translated to
higher models (for example non-human primates) where animal numbers used for
research are lower due to slower development and longer lifespan as well as cost and
various ethical considerations. Mouse models of retinal degeneration are widely used to
study retinal pathologies and the models to be used in this proposed project have been
well characterised by many scientific groups including ours. These studies have shown
that these models mimic very well the photoreceptor loss incurred in retinal disease in
humans, justifying why they provide the ideal model to perform transplantation-based
studies of vision restoration.

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

The animals will be purchased from commercial suppliers or obtained from collaborating
labs. Following a period of settlement in our animal facility, photoreceptors will be
transplanted in their retinas under general anaesthesia. The animals will be
immunosuppressed to stop human cell rejection. Approximately 50% of transplanted mice
will be used to investigate how well the new photoreceptors have settled into the mouse
retinas. The other 50% will be implanted with a head fixation device and up to two
recording chambers. A tracer construct will be injected in their brainvisual areas to enable
the assessment of light-driven brain activity at the later stages. Behavioural tests (e.g.,
light avoidance, optomotor reflex and visual cliff), electrophysiological recordings and/or 2-
photon microscopy will be carried out on transplanted animals and controls. The animals
will be sacrificed at the end of these recording sessions to enable tissue collection for
further assessment of cell engraftment in retina and visual activity in brain. Some of the
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animals will be dark adapted before sacrifice so their retinas can be used for ex vivo
electrophysiological recordings using high density microelectrode arrays.

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

From our previous experience we anticipate that adverse effects due to surgical
complications (< 1%: duration 3 days ), anaesthesia (1%, duration 3-4 hours), fluid control
(< 1%: duration 5 days), injection of genetic construct (1-5% 7 days ), implantation of head
fixation, indwelling electrodes or recording chambers (1-5%: duration 7 days), stress
during behavioural training (~10%: duration 2 days) or recording chamber infection (
~10%: duration 7 days) and loss of implant following implantation (5-10% depending on
how long the implant has been implanted) may occur. In our recent projects performing
subretinal cell injections we have not observed tumour development, abnormal behaviour,
weight loss of any other signs of animal distress due to subretinal cell injections. Adverse
effects due to surgical complications can be bleeding or infection/inflammation of the
wound margin following surgery with associated tenderness and changes in behaviour and
body scores. Changes in behaviour and body scores will be monitored as described in our
score sheets included in each Protocol. Complications due to anaesthesia can be reduced
body temperature and/or slow recovery from anaesthesia.

Complications from implantation of head fixation, indwelling electrodes or recording
chambers can be infection/inflammation following surgery with associated tenderness and
changes in behaviour and body scores (monitoring see above). Injection of genetic
constructs could result in intracerebral bleeds, which could result in changes in behaviour
and body scores (monitoring see above). Stress during behavioural training can result in
agitation and post testing behavioural changes and body score changes (monitoring see
above). Recording chamber infection can occur after implantation and can result in
behaviour and body score changes (monitoring see above). Loss of implant would result in
exposed bone with possible infection but would always result in termination of the animal.
All procedures are of mild or moderate severity.

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 expected severity for both subretinal injections and in vivo electrophysiological cell
characterisation is moderate. 95%, 85% and 100% of the animals will undergo this severity
in Protocols 1, 2 and 3 respectively.

What will happen to animals at the end of 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?
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Both the photoreceptor engraftment and light processing through the eye to retina, optic
nerve and finally to visual cortex cannot be performed in vitro, thus in vivo investigations
are required to answer these questions. Recording from isolated retinas will allow us to
assess restoration of light responses in retinal ganglion cells, the output cells of the retina.
It will give us important information on the nature of retinal receptive fields, the range of
light sensitivities, and perhaps even colour perception. These experiments cannot be
performed on patients, but their outcome will provide extremely valuable new knowledge,
paving the way for future clinical trials.

Which non-animal alternatives did you consider for use in this project?
We have considered application of retinal organoids as a non-animal alternative.
Why were they not suitable?

Non-animal alternatives are not possible because we work with neural networks involved
in visual processing (both at retinal and cortical levels), which can only be investigated in
Vivo.

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 number of animals was calculated based on experimental design in our funding
application to MRC and power stats performed in collaboration with chartered statistician.
We have also considered possible losses due to anaesthesia (1%), corneal oedema (7%),
surgical complications (1%), subretinal cell injection (20%), fluid control (< 1%), injection of
genetic construct (1-5%), implantation of head fixation, indwelling electrodes or recording
chambers (1-5%), stress during behavioural training (~10%) or recording chamber
infection ( ~10%).The animals that cannot be used for surgery (for example due to corneal
oedema) will be used as controls for immunofluorescence studies.

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

We have performed pilot studies which have shown that 80% of subretinally transplanted
mice display engraftment of cone precursors. Of these, 50% of the mice, perform the
behavioural tests and 33% of the latter show light sensitivity in at least one eye. These
pilot data were used for power calculations performed in close collaboration with chartered
statistician, enabling us to assess accurately experimental group size (see below).

Reproducibility and Statistical Design Annex

This proposal will make use of animal models for investigating the engraftment of rod
and/or cone photoreceptors and RPE and their ability to restore vision.
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To investigate the engraftment of hESCs-derived rod precursors alone and/or in
combination with hESC-derived cone precursors and hESC-derived RPE cells at the early
and advanced stages of retinal degeneration. The number of mice for each transplanted
group is based on our current data with subretinal injections of CRX-GFP+ precursors
obtained from day 90 retinal organoids, indicating an 80% success rate in cell engraftment
(PMID: 33657251).Given this pilot success rate, to test for a

>50% success engraftment rate at a 90% power with a type 1 error rate of a=0.05, a total
of 20 animals per group is needed (1 tailed test of proportion, normal approximation).

To assess the impact of hESC-rod transplantation alone and/or in combination with -cones
and -RPE cells to restore vision at the early and advanced stages of retinal degeneration.
To calculate the number of mice for each group, we rely on our current data, which show
that 80% of subretinally transplanted mice show engraftment of CRX-GFP+ precursors. Of
these, 50% of the mice, perform the behavioural tests and 33% of the latter show light
sensitivity in at least one eye. The number of mice in each class (failed engraftment;
engrafted and fail behaviour; engrafted, pass behaviour with no light sensitivity; engrafted,
pass and show light sensitivity) are modelled by a multinomial distribution and the marginal
distribution of mice that have engrafted cells, perform behavioural tests, and have light
sensitivity in at least one eye is binomial with probability 0.132. Our current experience
also indicates that 10 mice are needed to obtain sufficient data for recordings from the
visual cortex. This procedure requires injection of a AAV5.Syn.GCaMP6f. WPRE.SV40
constructs at multiple sites in V1 and has ~80% efficient (including the follow up
transparent window implantation) in our hands, thus requiring 12 injected mice to end up
with 10 for visual recording. To obtain an average number of 12 mice that fulfil all the
above, a sample of 90 mice is needed. The table of the chance of seeing 6 or less, 7 to 14
and 15 and above is below for one experiment when starting with 90 mice. The combined
chance of seeing 7-16 responders is 88%.

Mice Expected %
6 or less 3.6
7 3.9
8 6.2
9 8.7
10 10.9
11 12.1
12 12.3
13 11.3
14 9.6
15 7.5
16 5.4
17 or 8.5
more
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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?

We will continue to improve the method and efficiency of our transplant protocol. To
achieve this, we will keep track of relevant literature in this field reporting on transplant
volumes and methods. On the day of transplant, we use a multi team approach where one
member performs cell sorting, the second transports the cells to the facility, counts cells
and loads them to syringe, thus speeding up the procedure and ensuring cells are not
clumping. The third and fourth members of the team will administer anaesthesia and
perform subretinal transplants as well as animal monitoring. We will continue to improve
this technique and ensure that the cell sorting and prep facility is adjacent to the animal
transplant rooms. We will test the effect of hydrogels on cell survival and engraftment with
the aim of improving transplant efficiency and reducing animal numbers. We will also
share tissue between projects so we can maximise outputs from animal procedures and
minimise numbers of animals used. We will work closely with the colony management
team to reduce numbers and employ efficient breeding strategies and where possible, we
will use both male and female mice to minimise numbers. To maximise animal usage, we
will perform several tests on the same animals (e.g., light avoidance, visual cliff,
optokinetic reflex, 2-photon imaging), although these will be carefully planned and not
performed at the same time.

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.

Most experiments will be performed on genetically modified mouse models of outer retinal
degeneration (ORD). The mouse models we plan to use are well recognised for faithfully
representing common human ORD disorders and therefore, they will provide important
new knowledge about how to rescue or repair retinas with advanced ORD.

The protocols have been designed to keep suffering to a minimum. Where subretinal
transplants, tracer injections and recording chamber installation will be carried out,
appropriate anaesthetics and analgesics will be administered pre- and post-operatively.
Any loss of condition will indicate removal from the procedure and killing by a Schedule 1
method. To define loss of conditions, we will use a score sheet (supplied within each
protocol), which considers several features including piloerection, decreased activity,
abnormal posture, weight loss, movement impairment, and eye grooming.

All the team members involved in subretinal injections will be trained appropriately by the
Vet team and existing team members/collaborators with expertise in this technique. This
will ensure competency demonstration which will feed into good animal welfare and
consistent animal experience. We will work closely with the Vet team to ensure we are up
to date with refinements and improvements in the surgery and anaesthetic protocols.
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During the surgery, we will monitor temperature and keep mice close to the oxygen mask
until they recover and start to move. Once the surgery is completed, we will monitor
animals closely using the animal facility anaesthetic monitoring sheet.

Transplants will be performed using cells that have been differentiated at least for 60 days
ensuring that virtually all stem cells have differentiated into retinal cells. To date, we have
not observed any tumour formation, but if this occurs, we will work closely with the vet
team and report these animals under condition 18.

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

Retinal degeneration occurs over many years in humans; hence, less sentient animals
cannot be used as they do not mimic the retina of an adult person. Behavioural tests
require in vivo interaction with the environmental stimuli, hence terminally anaesthetised
animals are not suitable.

We considered use of alternative animal models, for example zebrafish. Zebrafish models
are inappropriate for several reasons: 1) the zebrafish eyes are much smaller compared to
mice (radius of retina 1 mm by 13 weeks), hindering subretinal cell injections; 2) although
zebrafish models of retinal degeneration exist, all retinal layers are compromised, which
prevents studies of photoreceptor integration with host cells that is critical for our studies;
3) zebrafish models of retinal degeneration are very fast and do not mimic the mammalian
stagewise differentiation of retinal degeneration observed in mouse models and human
patients that underpin the success of donor photoreceptor cell engraftment.

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

We will apply immunosuppression to avoid rejection of transplanted human cells. The
immunosuppressant will be administered orally instead of multiple daily injections or
inserting mini pumps. We will keep mice in barriered facilities to reduce the likelihood of
infections and use anaesthesia during surgical procedures. We are generating in the lab
photoreceptor cells that are less “visible” to the host’'s immune system, thus some animals
will be transplanted in the absence of immunosuppression, which has beneficial effects for
long term welfare. Best analgesic regime will be optimised in consultation with the vet
team and applied before and after the surgical procedure, to reduce pain and suffering.
We will use heated pads during anaesthesia and heated cabinets to help with the animal
recovery and soft bedding in all cages. Furthermore, to reduce trauma related to surgery,
we will use habituation jelly a few days before the surgery. Following the surgery,
buprenorphine jelly will be given with the food to avoid additional injections. We have
established end points for all adverse effects to reduce animal suffering (please refer to
the score sheet supplied with each Protocol).

To minimise infections, we will maintain sterile conditions in our cell preparation methods.

Sterility of cultures is checked monthly using established methods. The injection needle is
used for one animal and then washed thoroughly in ethanol and PBS before being reused
on the next animal.

All animals are expected to make a rapid and unremarkable recovery from the anaesthetic
within three-four hours. Uncommonly animals that fail to do so or exhibit signs of pain,
distress or of significant ill health will be assessed by the researcher and the NVS and will
be humanely killed by a Schedule 1 method unless a programme of enhanced monitoring
and care is instituted until the animal
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fully recovers. Any animal not fully recovered from the surgical procedure within 24 hrs
(eating, drinking and return to normal behaviour) should be humanely killed. Post- surgical
assessment will involve waiting the animal to fully recover after the surgery and daily
checks for the first week post-surgery. Afterwards the animals will be regularly assessed
by experienced competent animal staff members to monitor for signs of reduced welfare,
and if these arise, we will consult the NACWO and NVS for potential treatment and
determination of potential endpoints.

For 2-photon imaging animals tunnel handling already established under the AWERB
standards will be introduced.

For all models and optional procedures good practice guides will be used to help refine the
model as described in the ARRIVE guidelines and Laboratory animal’s special article.
LASA Working Party guidelines on assessment and control of severity will be used
throughout the project to determine if any animal is suffering distress. Should distress
occur, immediate actions as described in the individual protocols would be taken to reduce
an animal suffering.

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

For all models and optional procedures good practice guides will be used to help refine the
model as described in the ARRIVE guidelines and Laboratory animal’s special article.
LASA Working Party guidelines on assessment and control of severity will be used
throughout the project to determine if any animal is suffering distress. Should distress
occur, immediate actions as described in the individual protocols would be taken to reduce
an animal suffering.

We will follow our statistical design and submit study plans of experiments. We will
collaborate closely with NAWCO, NVS and the animal facility staff to ensure best practice.
All data will be kept in lab books and university secure servers. Analysed data will be
included in our open access publications. We will keep a close eye on emerging
publications to avoid duplication of work.

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

We have received funding for our work from NC3Rs and thus obtain regular
communications by email about new advances in the 3Rs. We also participate and present
in NC3Rs conferences and take part in the regular events (webinars, lunch time seminars
etc) organised by our animal facility. We maintain regular contacts with the veterinary team
and thus are in a good position to implement advances effectively during the project. We
will follow closely work in this field through publication readings, meeting with collaborators
and conference participations to ensure we are up to date with refined methods on
subretinal cell injections and animal welfare.
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7. Aguatic toxicity assessment of chemicals with no or
low water solubility

Project duration

2 years 0 months

Project purpose

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

Key words

dietary exposure, acute and chronic toxicity, maternal tranfer, pre-regulatory, chemical
hazard assessment

Animal types Life stages
Zebra fish (Danio rerio) embryo, neonate, juvenile, adult,
pregnant

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
not required.

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 address two key challenges in environmental hazard
assessment

The development of a fish test for assessing the aquatic toxicity of chemicals with very low
solubility in water (via application of dietary exposures in a series of international OECD
test guidelines relevant to regulatory fish toxicity assessment)

A comprehensive toxicity assessment of Dechlorane Plus (one of the chemicals that
present very low water solubility) in two generations offish.

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.
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Why is it important to undertake this work?

The current regulatory tests for environmental chemical hazard assessment in fish are
based on waterborne exposures (e.g. TG203, TG210, TG229, TG230, TG234, TG236).
However, many potentially toxic chemicals are highly hydrophobic/lipophilic and therefore
present a practical challenge for conducting aquatic animal exposures. In such cases, high
volumes of solvents need to be used to achieve solubility or the test fails to meet the
acceptance criteria relevant to maintenance of chemical dosing. Solvents present a
challenge for discriminating toxicity between the substance in question and the solvent
used and in addition, compromise animal welfare. Test failure is resulting is animal
wastage. It is therefore important that we address two of the 3Rs (namely reduction and
refinement) whilst allowing a sound assessment of chemical toxicity.

Global (including UK) regulatory authorities require chemical toxicity data from vertebrate
test systems, including fish, to identify, mitigate and manage any adverse environmental
effects arising from their use. The current regulatory tests for environmental chemical
hazard assessment in fish are based on waterborne exposures (e.g. TG203, TG210,
TG229, TG230, TG234, TG236). However, many potentially toxic chemicals are highly
hydrophobic/lipophilic and present a practical challenge for conducting aquatic animal
exposures. In such cases, high volumes of solvents need to be used to achieve solubility
or the test fails to meet the acceptance criteria for maintaining chemical dose.

Solvents present a challenge for discriminating toxicity of the test substance from the
solvent used and may additionally compromise animal welfare. Test failure is resulting in
animal wastage. It is therefore important that we address the 3Rs (in this case Reduction
and Refinement) whilst allowing a sound assessment of chemical toxicity.

To date, the practical difficulties of conducting aquatic risk assessment for chemicals with
no or low solubility in water are acknowledged in only one regulatory test guideline, the fish
bioaccumulation test (OECD TG305). Here, for chemicals with a water-octanol coefficient
(Kow) >6, a dietary route of exposure is recommended in lieu of aqueous; The Kow is an
excellent proxy for hydrophobicity (or lipophilicity). TG305 however, is designed to provide
information on chemical bioaccumulation potential alone and does not allow toxicity
assessment. In all other acute or chronic regulatory toxicity tests, the dietary exposure
option is not present. This creates an issue for regulators considering information from the
public domain which often suggests toxicity levels are well above the solubility limit of the
chemical.

We intend to develop and subsequently validate a new test method for these substances,
which combines the principles of dietary exposure as described in TG305 but also allows
toxicity assessment as required by relevant regulatory tests. The model is based on the
likely transfer of lipophilic chemicals to the developing embryos via the fish gametes
(sperm and eggs). In this way, exposure of the second generation during critical
developmental windows, can be achieved via natural transfer rather than the problematic,
high solvent-based, aqueous route. This approach would allow toxicity assessment at
early life stages, which are critical for environmental risk assessment, as well as chronic
toxicity to juvenile and sub-adult stages. For the purposes of test development, it is critical
that comparative data between dietary and waterborne exposures are generated. This is
because all environmental quality standards are currently based on water (rather than
biota) concentrations.
The project aims to combine the principles of existing regulatory guidelines to address two
key challenges in environmental hazard assessment: 1) the application of an
environmentally relevant route of exposure for highly hydrophobic/lipophilic chemicals (via
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dietary exposure of pre-adult fish) and 2) the comprehensive assessment of toxicity of
Dechlorane PlusTM (DP) in two generations of fish.

DP is very strongly hydrophobic (Kow above 6) and thus an extremely poorly water-soluble
compound. Screening models indicate that DP has a long environmental half-life in water
or soil and therefore meets the Persistence criterion of the Stockholm Convention and
REACH legislation. As lipophilic compound with a molecular weight below 700, it
furthermore has a potential to accumulate in the food web and magnify through trophic
levels, thereby are also meeting the Bioaccumulation criterion of the Stockholm
Convention.

The third and final criterion for listing a substance as a Persistent Organic Pollutant (POP)
under the Stockholm Convention is Toxicity. There is a lack of acute, chronic and sublethal
toxicity results for dechloranes, particularly for aquatic organisms. Data on DP toxicity are
also scarce; the few available data suggest a low acute toxicity for wildlife or humans. In
2019, Norway submitted a proposal to the Stockholm Convention to list DP as a POP,
however, given the lack of evidence on DP toxicity, further evidence is required on which
to base a decision.

This project application therefore addresses a long term need to assess aquatic toxicity of
chemicals with low solubility on water (aiming at creating an OECD international test
guideline following future validation) and a short term need to obtain evidence of chronic
toxicity of DP.

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

The main output of this project will be the development of a comprehensive method to
assess the aquatic (fish) toxicity of chemicals that are practically insoluble in water (yet
require regulatory aquatic risk assessment), thereby protecting animal health and
improving environmental quality. More specifically and additionally the project will result in:

- A comprehensive assessment of chronic toxicity of Dechlorane Plus (DP), a chemical
that is practically insoluble in water but currently under consideration for classification
as a POP (Stockholm Convention).

- A UK-led request to the OECD seeking to update a number of fish toxicity regulatory
tests for chemicals of no or low water solubility. The dietary route of exposure is both
environmentally relevant and will allow sound assessment of all chemicals of no or low
solubility, improving test animal welfare (via reduction of solvents) and reducing test
animals used (by avoiding failures to meet dosing criteria).

- Athorough investigation of biomarkers in fish embryos (unregulated life stage) that
could be used, following the principles of Adverse Outcome Pathways, as early
markers of chronic apical endpoints as required for regulatory decisions.

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

The immediate primary beneficiaries will be the global Environment Agencies.

If the results of this project provide a solid basis for updating a number of test guidelines,
then additional beneficiaries will include global regulators and industry who are required to

submit the studies.

Ultimately the project looks to improve future hazard and risk assessment of toxic
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chemicals in the environment, aiming to protect both human and wildlife health.
How will you look to maximise the outputs of this work?

The applicant is a member the OECD's Validation and Management Group for Ecotoxicity
(VMG-Eco), thereby working with the relevant international force that oversees regulatory
test guideline development. Following review of the projects’ data, a decision will be made
on recommending and implementing guideline updates which will benefit regulators and
laboratories generating toxicology data in the UK and across the world. In addition, the test
design and information on practicalities and benefits will be published in the peer review
literature.

Species and numbers of animals expected to be used

e Zebra fish (Danio rerio): 2000

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.

Given the properties of chemicals with low water solubility, exemplified by DP, the main
route of exposure to fish can only be via the diet; hence we need to use fish that are
capable of independent feeding and employ a dietary route of exposure as suggested for
chemicals with high Kow in TG305 (the fish bioaccumulation test).

Data on bioaccumulation and toxicity can be produced for the FO adult fish (sexually
mature) and their offspring (F1), up until they reach sexual maturation. It is important to
address toxicity in all these life stages as bioaccumulation (and thus toxicity) is likely
affected by the dynamic transport of lipophilic chemicals to the developing gametes; hence
a lower toxicity is anticipated in sexually mature fish that can shed the chemical via
spawning and a higher in pre-adult life stages.

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

The project involves feeding fish with contaminated diet or exposing fish to the test
substance via the water, at a series of concentrations to establish a dose response curve.
The duration of exposure will largely follow existing regulatory test guidelines. Following
exposure of the FO generation (adults), the duration of the dietary and waterborne
exposure of their offspring (F1 generation), will vary depending on toxicity outcomes.
Exposure of F1 generation will continue until sexual differentiation can be assessed with
animals briefly anaesthetised at 30dph and/or 60dph to collect weight and length
information. We do not expect any adversity at this step other than the stress induced by
brief general anaesthesia and recovery. The maximum exposure duration of both the FO
and the F1 generations will be 90 days. At any point of either dietary or waterborne
exposures if mortalities/moribundities exceed 20% of what is accepted in the controls as
prescribed in the test guidelines these treatments will be terminated. All fish sampled will
be killed.

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

On the basis of the available literature, we expect the adverse effects to be mild as
chemicals with low solubility in water are typically eliciting chronic, not acute, toxicity. In
addition, we intend to use primarily environmentally relevant concentrations, rather than
pharmacological doses.

However, given the bio-accumulative nature of hydrophobic/lipophilic chemicals, which is
the focus of this project application, we may encounter moderate toxicity as the exposures
continue. The clinical signs are difficult to anticipate without any pre-existing information on
toxicity and will vary depending on the chemical and/or life stage. For example, we
anticipate that accumulation may be higher in juvenile fish towards the end of planned
exposures as they don’t have the capacity to shed the chemical via spawning. We
anticipate additional observations at these later stages and according to the clinical signs
detected.

Weight loss, lethargy, abnormal behaviour, altered fecundity and tumours are potentially
expected. Death is neither indicated as an endpoint nor anticipated, although there may be
cases where high bioaccumulation may result in high internal exposures and potentially
death. This is expected to happen only in a small number of fish used as most
concentrations employed will be within environmentally relevant levels.

To ensure impact and adversity are kept low/moderate, if mortality/moribundity is >20% of
controls at any treatment group, the exposure at this level will be terminated.

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 expected severity is anticipated to be mild for over 50% of the fish used and moderate
for up to 50% of the fish used.

What will happen to animals at the end of 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 information this project application is seeking is relevant to fish toxicity; therefore,
replacement options are limited to methods that are relevant to fish, excluding for example
invertebrate models. It is important to note that the currently available data for DP is for
fish, and it is this that really provides the potential concern being put forward by Norway.
Therefore, to investigate that we need to use the same taxa, and ideally same species
(which we are). The need to use animals stems also from the physico- chemical properties
of the chemicals in question, high hydrophobicity and lipophilicity, which suggest that a)
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the route of exposure is long term, most likely via the diet and b) potential toxicity is
chronic. To date, there are no alternative methods to assess chronic toxicity in fish only
acute toxicity.

The planned work includes a comprehensive list of investigative endpoints at the embryo
stage (TG236), which if validated as predictive of apical endpoints, can remove the need
for using fish beyond this stage, ultimately reducing substantially the numbers of fish
needed for toxicity assessment. This includes next generation sequencing and full
metabolite profiling of embryos, along with behavioural assessment and apical points
(hatching, survival, heartbeat, developmental abnormalities). This powerful approach will
advance New Approach Methodologies (NAM's), providing evidence replace downstream
chronic toxicity regulatory endpoints, with early, predictive makers of exposure and
adversity.

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

We considered TG236 (fish embryo toxicity test) and TG249 (Fish Cell Line Acute Toxicity
- The RTgill- W1 cell line assay)

A key project aim is to investigate early and predictive markers in the embryos (we will
heavily employ the design of TG236 in our investigations) that can ultimately be used for
chronic toxicity assessment replacing fish in the future.

Why were they not suitable?

Non-animal alternatives are not suitable for two reasons:

they are designed to assess acute, not chronic toxicity, which this programme intends to
achieve.

low water solubility requires unrealistically high solvent levels, which present toxicity
issues for both embryos and cells.

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 is looking at test design that is suitable for regulatory purposes. The factors
that were considered in deciding how many fish will be used included:

- The range of concentrations required for establishing a dose response curve (typically
5 although we will consider 3 as a proof of principle)

- Satisfying the numbers of fish used in current TGs for chronic toxicity (including
endocrine disruption) to allow future regulatory acceptance
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- The variability in assimilation of the chemical into food and subsequent vitellogenin to
allow maternal transfer to the embryos

- The fecundity of the species used

- The analytical capability to measure internal concentrations of the chemical in fish
tissues (including pools of embryos)

- The current inability to predict chronic toxicity and as such the duration of exposure for
the second generation (as required by the current regulatory tests)

The need to generate comparative data between dietary and water exposures as means of
anchoring toxicity outcomes using internal concentrations and informing risk assessment
which is based on water concentrations.

The potential need to employ additional chemical exposures including positive and
negative control chemicals or chemicals that can be diagnostic of mode of action (i.e. co-
exposure with antioxidants if oxidative stress is evident from biomarkers of exposure).

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

The experimental design is limited by the prescriptive nature of regulatory OECD test
guidelines that allow chronic toxicity assessment. It is key that we provide data that are
comparable with these tests as their primary use involves the UK regulatory authority
whilst the overall aim is to update TGs (via development of a dietary route of exposure)
that will be acceptable by all global regulatory authorities. This can only be achieved if the
experiments are robust enough within the current regulatory framework.

A significant reduction of animals is achieved by the addition of a small diversion from the
regulatory test guidelines. To obtain length and weight data compliant with a full set of
regulatory endpoints; rather than adding additional fish numbers to experiments to enable
lethal sub sampling, at critical timepoints fish will be lightly anaesthetised measured and
then returned to the experiment until the subsequent timepoint or the end of the
experiment.

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

Maximising information from the exposures including clinical signs and -omics data
(transcriptomics via next generation sequencing and metabolomics) that can be used
subsequently to generate information for an Adverse Outcome Pathway (AOP).

The use of zebrafish, a highly accepted regulatory species and a combination of regulatory
tests to avoid extensive needs for further validation.

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.

We propose to use a fish species that is a recognised model for regulatory tests for
chemical hazard assessment. Zebrafish are recommended and validated for almost all
regulatory tests and in addition, most of the available data thus far on DP toxicity are on
zebrafish.

Zebrafish are easy to handle, are highly fecund, reach sexual maturity withing 4 months
and highly amendable to laboratory culture. In addition, they enjoy many existing
resources (full genome sequencing and annotation), facilitating the development of
adverse outcome pathways.

The methods will be a combination of existing regulatory tests to allow easy interpretation
of data and avoid the need for excessive further validation.

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

Because fish are a key phylogenetic group in chemical risk assessment and can also
provide information that is relevant to human health, given the highly conserved toxicity
pathways amongst vertebrates. This project requires the use of each development stage
from embryo to adult and the long term dietary route of exposure negates the use of
terminally anesthetised animals.

Besides, fish are often considered less sentient in comparison to “higher vertebrate”
species, so the optimum choice within protected vertebrates.

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

The procedures employed (dietary and/or aqueous exposures to chemicals) are mild in
nature and so are the anticipated harms. Toxicity is the only harm that is anticipated but
can’t be currently predicted as we have little information on the mode of action for most
chemicals. The following steps are in place to ensure refinement:

Daily observations (a minimum of two but if signs of toxicity are evident this will increase to
a minimum of three) of fish appearance, behaviour and clinical signs via a comprehensive
list as developed by the applicant’s team for TG203 (see OECD TG203, 2019, Annex).

Application of moribundity in lieu of mortality as an endpoint of chronic toxicity. This is
defined by the number and severity of clinical signs.

Termination of exposures in treatments where mortality (moribundity) exceeds acceptable
levels by 20% at any point during exposures.

Application of dietary exposure as the primary exposure route to avoid the use of high
solvent levels, as the latter present potential welfareissues.

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

The applicants team aspires to apply fully the 3Rs principles in their scientific use of
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animals. Some key literature that is relevant to the programme and is guiding our
experimental approaches is listed below:

CCAC (Canadian Council on Animal Care), 1998: 24 p. [Online]. CCAC Guidelines On:
Choosing an appropriate endpoint in experiments using animals for research, teaching and
testing. http://www.ccac.ca/en/CCAC_Programs/Guidelines_Policies/PDFs/APPOPEN.pdf

CEFIC, 2020. LRI-ECO51.: Integrating the fish embryo test into the weight of evidence to
inform acute fish toxicity. http://cefic-Iri.org/request-for-proposals/Iri-eco51-integrating-the-
fish-embryo-test-into-the- weight-of-evidence-to-inform-acute-fish-toxicity/

Dennison, N., Ryder, K., 2009. The challenges of using humane endpoints in fish
research. https://norecopa.no/media/6272/abstract-ryder-endpoints.pdf

Drummond, R.A., Russom, C.L., Geiger, D.L., DeFoe, D.L., 1986. Behavioral and
morphological changes in fathead minnow (Pimephales promelas) as diagnostic endpoints
for screening chemicals according to mode of action. Aquat. Toxicol. Environ. Fate 9, 415—
435.

Ellis, T., Katsiadaki, 1., 2021. Clarification of end-points and moribundity for severe (fish)
experiments. Laboratory Animals, 55 (3). December 2020.

Hawkins, P., Dennison, N., Goodman, G., Hetherington, S., LIlywelyn-Jones, S., Ryder, K.,
Smith, A.J., 2011. Guidance on the severity classification of scientific procedures involving
fish: Report of a Working Group appointed by the Norwegian Consensus-Platform for the
Replacement, Reduction and Refinement of animal experiments (Norecopa). Lab. Anim.
45, 219-224.

Goodwin, N., Westall, L., Karp, N.A., Hazlehurst, D., Kovacs, C., Keeble, R., Thompson,
P., Collins, R., Bussell, J. 2016. Evaluating and Optimizing Fish Health and Welfare During
Experimental Procedures. Zebrafish 13(Suppl 1): S-127-S-131, doi:
10.1089/zeb.2015.1165.

Katsiadaki, 1., Ellis, t., Andersen, A., Antczak, P., Blaker, E., Burden, N., Fisher, T., Green, C.,
Labram, B., Pearson, A., Petersen, K., Pickford, D., Ramsden, C., Rgnneseth, A., Ryder, K.,
Sacker, D., Stevens, C., Watanabe, H., Yamamoto, H., Sewell, F., Hawkins, P., Rufli, H.,
Handy, R.D., Maynard, S.K., Jacobs,

M.N. 2021. Dying for change: A roadmap to refine the fish acute toxicity test after 40 years
of applying a lethal endpoint. Ecotoxicology and Environmental Safety, 223:112585.

Kilkenny, C., Browne, W.J., Cuthill. I.C., Emerson, M., Altman, D.G. 2010. Improving
bioscience research reporting: the ARRIVE guidelines for reporting animal research. PLoS
Biol. 8:e1000412. Home | ARRIVE Guidelines

McCarty, L.S. 2012. Model validation in aquatic toxicity testing: Implications for regulatory
practice. Regulatory Toxicology and Pharmacology 63: 353-362.

OECD, 2019. Guidance Document on Aquatic Toxicity Testing of Difficult Substances and
Mixtures, OECD Series on Testing and Assessment, OECD Publishing, Paris. OECD,
2014. Fish Toxicity Testing Framework, OECD Series on Testing and Assessment, No.
177, OECD Publishing, Paris.

OECD 2013. Test Guideline 210: Fish, Early-life Stage Toxicity Test, OECD Guidelines for
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the Testing of Chemicals, Section 2, OECD Publishing, Paris.

OECD, 2013. Test Guideline 236: Fish Embryo Acute Toxicity (FET) Test, OECD
Guidelines for the Testing of Chemicals, Section 2, OECD Publishing, Paris.

OECD 2012. Test Guideline 305: Bioaccumulation in Fish: Aqueous and Dietary Exposure,
OECD Guidelines for the Testing of Chemicals, Section 3, OECD Publishing, Paris.

OECD 2011. Test Guideline 234: Fish Sexual Development Test (FSDT), OECD
Guidelines for the Testing of Chemicals, Section 2, OECD Publishing, Paris.

OECD, 2010a. Short Guidance on the Threshold Approach for Acute Fish Toxicity. Series
on Testing and Assessment No. 126, OECD, Paris.

OECD, 2010b. Guidance Document for the Diagnosis of Endocrine-Related
Histopathology of Fish Gonads, OECD Series on Testing and Assessment, No. 123,
OECD Publishing, Paris.

OECD, 2002. Guidance Document on the Recognition, Assessment and Use of Clinical
Signs as Human Endpoints for Experimental Animals Used in Safety Evaluation, OECD
Series on Testing and Assessment, No. 19, OECD Publishing, Paris.

Percie du Sert, N., Ahluwalia, A., Alam, S., Avey, M.T., Baker, M., Browne, W.J., Clark, A.,
Cuthill, I.C., Dirnagl, U., Emerson, M., Garner, P., Holgate, S.T., Howells, D.W., Hurst, V.,
Karp, N.A., Lazic, S.E., Lidster, K., MacCallum, C.J., Macleod, M., Pearl, E.J., Petersen,
O.H., Rawle, F., Reynolds, P.,Rooney, K., Sena, E.S., Silberberg, S.D., Steckler, T.,
Wu'rbell, H. 2020. Reporting animal research: Explanation and elaboration for the
ARRIVE guidelines 2.0. PLoS Biol 18(7): e3000411.
https://doi.org/10.1371/journal.pbio.3000411. Home | ARRIVE Guidelines

Percie du Sert, N., Bamsey, |, Bate, S.T., Berdoy, M., Clark, R.A., Cuthill, I.C., Fry, D.,
Karp, N.A., Macleod, M., Moon, L., Stanford, S.C., Lings, B. 2017. The Experimental
Design Assistant. Nature Methods Epub Sept 29, 2017.d0i:10.1038/nmeth.4462

Percie du Sert, N., Bamsey, |, Bate, S.T., Berdoy, M., Clark, R.A., Cuthill, .C., Fry, D., Karp,
N.A., Macleod, M., Moon, L., Stanford, S.C., Lings, B. 2017. The Experimental Design
Assistant. PLoS Biology 15:€2003779. doi:10.1371/journal.pbio.2003779

Smith AJ, Clutton RE, Lilley E, Hansen KEA, Brattelid T. PREPARE:guidelines for
planning animal research and testing. Lab Anim.

2018;52:135-141. PREPARE (norecopa.no)

Rufli, H., 2012. Introduction of moribund category to OECD fish acute test and its effect on
suffering and LC50 values. Environ. Toxicol. Chem. 31, 1107-1112.

Rufli, H., Springer, T.A., 2011. Can we reduce the number of fish in the OECD acute test?
Environ. Toxicol. Chem. 30 (4): 1006-1011.

Russell, W.M.S. and Burch, R.L. 1959. The Principles of Humane Experimental
Technique, Methuen, London. ISBN 0900767782

Russom, C.L., Bradbury, S.P., Broderius, S.J., Hammermeister, D.E., Drummond, R.A.,
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1997. Predicting modes of toxic action from chemical structure: acute toxicity in the fathead
minnow (Pimephales promelas). Environ. Toxicol. Chem. 16, 948-967.

Varga, ZM. . 2016. Aquaculture, husbandry, and shipping at the Zebrafish International
Resource Center. Methods Cell Biol, 135, 509-534. doi: 10.1016/bs.mcb.2016.01.007.

Varga, Z.M., Lawrence, C., Ekker, S.C., Eisen, J.S. 2016. Universal Healthcare for
Zebrafish Zebrafish. 13(Suppl 1): S-1-S-4. doi: 10.1089/zeb.2016.1311.

Wolfensohn, S., LLoyd, M., 2003. Handbook of laboratory animal management and
welfare. Blackwell.

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

This body of work is improving current test methods and developing the next steps to meet
future regulatory needs and minimise animal use. Engagement with the regulator and up
to date good practice on animal welfare, chemical toxicity and regulatory needs will be
maintained over the project through close links with the NC3Rs and the OECD Extended
Advisory Group for Molecular Screening and Toxicogenomics (EAGMST), a key force that
is providing modern tools for the 21st century toxicology needs. In this context a
successful outcome would both refine the testing required and reduce the number of fish
used by predicting chronic toxicity outcomes via early molecular initiating events.
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8. Surgical Models for Supply in Rodents

Project duration
5 years 0 months
Project purpose

e Basic research
e 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
o Assessment, detection, regulation or modification of physiological conditions in
man, animals or plants
e 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

Surgery, Rat, Mice

Animal types Life stages
Mice adult
Rats adult

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
not required.

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 supply high quality surgical models in rodents for use within our orginisation's
UK sites. In addition, we aim to bring existing surgical models 'in house' to allow for
refinement of these models for use on regulatory and discovery studies. Having a central
site for this work will mean that we can refine and improve these models efficiently and
produce high quality surgically prepared animals for use on our UK sites.

These surgical models will only be supplied to other projects, within our UK orginisation
with authority to use them.

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

70|Page



i

Home Office

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 work will allow a centralised surgical service to provide many of the research models
required to carry out the regulatory and efficacy work undertaken at our UK sites. A lot of
the models we will produce are required for studies that regulatory authorities need to
prove a drug is safe to take, or a chemical is safe for use by humans.

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

The outputs will be high quality surgical models for use on studies required by regulators,
and other studies supporting this aim. This will help our customers progress their drugs
into clinical trials, or prove the chemicals they produce are safe to be used by the public. It
is possible that any surgical model refinements that come out of this project may be
published and shared with the wider scientific community, to enable better surgical
techniques/aftercare to be performed and thus better animal welfare.

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

Centralising small animal surgery at one site will enable us to get a better overview of our
small animal surgical services in terms of quality, monitor any issues, apply refinements
and improvements in the overall quality of the models, which benefits animal welfare.
Customers will ultimately benefit from these outputs as the surgical models will enable
them to develop their drugs, prove they are safe for clinical trials, and show that chemicals
do not have harmful effects to the public, thus enabling them to sell their products.

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

These models will be used in studies that will inform customers who will, in turn, use it to
determine their future strategy, or for submission in documents required by regulatory
authorities. These models will be used by our customers in studies to support drugs
progressing to clinical trials, or to show that a certain chemical is safe for human exposure,
for example. We have previously collaborated with customers and shared data we have
produced in the form of scientific publications that are in the public domain. We will follow
NC3R’s guidelines throughout (National Centre for Replacement, Refinement and
Reduction of Animals in Research).

Species and numbers of animals expected to be used

e Mice: 1900
e Rats: 8000

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.

Adult animals will be used in this project, as the testing these animals are being prepared
for requires adult species. Rodents are considered to be of the lowest neurophysiological
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sensitivity that will allow us to achieve the study aims while being considered suitable for
the prediction of effects in humans.

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

Typically an animal will be surgically prepared under a general anaesthetic for use in
another project. These surgical preparations will differ depending on the specifics of the
study the animal will be subsequently used in. These surgeries include removal of the
reproductive organs, the implantation of a cannula to allow administration of test materials,
the implantation of a device to allow measurement of blood pressure and heart rate, and
cannulation of the bile duct.

Before surgery, the animals will be administered pain relief and possible antibiotics prior to
being anaesthetised. After the surgery, the animals will also be given pain relief and
maybe antibiotics. They will be initially kept in a warm environment, and may be given
special food and water to help their recovery. They will be closely monitored until they
show they have recovered. Veterinary guidance will be sought when planning the drugs
required for pain relief. After the animals have recovered from the surgery, and a vet is
happy with their condition, they may be transferred to other UK projects. Some animals
may need to be transported by road to do this. This transfer will be undertaken in
appropriate vehicles and under any applicable government regulations. Animals will be
transported securely, with food and water provided, in a temperature controlled vehicle.
The duration of transport will be the minimum required to deliver the animals safely.

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

Surgical procedures in rodents can result in some adverse effects such as bleeding/blood
loss, post- operative pain and weight loss. Most animals have recovered their pre surgical
bodyweight fully or partly within 72h of surgery ending. Bleeding is minimised with good
surgical technique by an experienced surgeon. Post-operative pain is negated by
administration of pre and post-surgical pain relief. If transport is required we will make sure
that the animals have recovered sufficiently from their surgical procedures, and have
enough food water and bedding for the journey. We will also ensure we transport the
animals via the most appropriate direct route, resulting in the shortest possible journey
time.

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)?

All animals will experience moderate severity. All animals who undergo a surgical
procedure are deemed to have undergone moderate severity by the government.

What will happen to animals at the end of this project?
e Used in other projects
e Killed

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?

Surgically altered animals have physical transformations (e.g. implants of
catheters/devices or removal of tissues) which can currently not be achieved by chemical
or other means. The need to use surgically altered animals will be established as part of
the justification process before each internal request is accepted. The internal customer
will be requested to provide the required information and relevant sections of their Project
Licence prior to surgery being started.

We will be providing animals for projects where replacement has already been considered
through the ethical review process of the receiving project licence to which the animals will
be transferred.

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

There are no non-animal alternatives to these surgical models. Surgical models cannot be
modelled in a test tube or other non-animal model.

Why were they not suitable?

Some of these surgical models are required by regulators after non animal alternatives
have identified issues with drugs or chemicals which mean they need to be tested in an
animal model. Some of these animals will also be required to test drugs to prove they are
safe prior to testing in clinical trials. These types of studies require this testing by law.

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 we have used are based on figures of previous usage from previous
projects, or a projection thereof (based on estimated incidence) based on requests
received from customers in the past. It is, however, impossible to accurately predict the
number of studies that may be performed.

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

Surgically altered animals will only be supplied to specific numbers and orders.
As animals surgically altered under this licence are supplied to a specific request, the

principles of experimental design will have already been addressed by the receiving
AWERB (local ethical review process).
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The numbers of animals produced to fulfil the order and to achieve the scientific aims will
be kept to a minimum. Success rates of each model will be under periodic review to
ensure that only the minimum number of animals will be implanted. The number of animals
surgically prepared will aim to ensure that the study can be completed, allowing for
patency issues (i.e. blocked catheters) and other issues that might prevent dosing or
sampling. By monitoring closely the success rates of each surgical model we can reduce
the number of animals implanted while still ensuring study completion, without the need to
repeat a whole experiment.

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

High levels of surgical skill, aseptic techniques and pre and post-operative care will
minimise any losses during surgery procedures.

Animal welfare is of utmost importance and Good Surgical Practice will be observed for
any animal undergoing surgical procedures. Surgery will be conducted using aseptic
techniques (to prevent infection) which meet at least the standards set out in the Home
Office Minimum Standards for Aseptic Surgery.

Before we start surgery, we agree with a Veterinary surgeon what pain relief or antibiotics

are appropriate, both before and after the surgery. When recovering from surgery, we give
the animals extra heat and monitor them closely until they display normal behaviours. We

then check them at least twice daily before they go on study.

In addition, care is taken to provide as much environmental enrichment as possible . This
might include plastic shelters in their cages, blocks to gnaw on, extra bedding for warmth
and if they need it, food supplements after surgery.

Surgical procedures will be carried out in accordance with the LASA Guiding Principles for
Preparing for and Undertaking Aseptic Surgery (2017). All surgeons will be trained and
designated competent by another surgeon who is already competent to assess a specific
technique. This will be reflected in their training records.

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 species and animal model used under this project licence is research demand driven
and authorised in the receiving project licence. Materials and methods will be chosen
which allow the animals to be as mobile as possible, high standards of enrichments will be
provided and the animals will be group housed wherever possible.
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The choice of surgical technique or method will always be aligned with best surgical
practice. As a minimum this will be in line with published Home Office guidelines.

In order to minimise animal suffering we will administer appropriate pain relief before and
after surgery, combined with the most suitable balanced anaesthesia and a high standard
of pre and post-operative care, including close supervision by the technicians under the
guidance of Veterinary surgeons.

As the Project Licence Holder is part of the Veterinary team, peer review of any major
changes/refinements to surgical technique or pain relief/anaesthesia protocols will be
carried out by Veterinary colleagues and AWERB when applicable. As always the people
caring for these animals are in regular discussion. This group discussion ensures there is
no issue from perceived conflict of interest with the Project Licence holder being part of the
Veterinary team.

Only the most refined surgical model that meets customer requirements will be prepared.
Why can’t you use animals that are less sentient?

Rodents (rats and mice) will be used in all of the studies conducted under this licence.
Rodents are considered to be the species of the lowest neurophysiological sensitivity
(have a brain and the physiology similar to humans) that will allow us to achieve the study
aims and are considered suitable for the predicting what's likely to happen in humans.

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

Animal welfare is of utmost importance and Good Surgical Practice will be observed for
any animal undergoing surgical procedures. Surgery will be conducted using aseptic
techniques (to prevent infection) which meet at least the standards set out in the Home
Office Minimum Standards for Aseptic Surgery, and largely to the LASA Guiding Principles
for Preparing for and Undertaking Aseptic Surgery (2017).

Before we start any procedures, we also ensure that the requested surgical intervention is
required and scientifically justified. We will agree with a Vet what pain relief or antibiotics

the animals need both before and after the surgery. When recovering from surgery, we will
give the animals extra heat/bedding, and monitor them closely until they recover and start
behaving normally again. We then check them at least twice daily before they go on study.

In addition, care is taken to provide as much environmental enrichment as possible . This
might include plastic shelters in their cages, blocks to gnaw on, extra bedding for warmth
and if they need it, food supplements after surgery.

If we have to transport animals to other sites, this will be done following appropriate
government guidelines, ensuring the animals are transported in secure, temperature
controlled vans. The animals will be provided with food, water and bedding as appropriate
for their journey. The duration of transport will be the minimum required to deliver the
animals safely.

Animals will be closely monitored for signs of pain and discomfort after surgery using a
clinically appropriate method, for example, The Grimace Scale. Technicians observing
animals both before and after surgery are familiar with adverse clinical signs that may
indicate pain and discomfort. Animals will be group housed after surgery where possible.
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What published best practice guidance will you follow to ensure experiments are
conducted in the most refined way?

LASA 2017 Guiding Principles for Preparing for and Undertaking Aseptic Surgery. A report
by the LASA Education, Training and Ethics section. (E Lilley and M. Berdoy eds.).

Code of Practice for the Housing and Care of Animals Bred, Supplied or Used for Scientific
Procedures. (2014) London: Her Majesty's Stationary Office.

Home Office Minimum Standards for Aseptic Surgery.

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

This will be achieved by regular discussions with our Named Information Officer,
colleagues in Animal Technology, and by attending appropriate training courses and
conferences, or getting feedback from such events.

The choice of surgical model is justified in the Surgical Request form. Any advances in

knowledge or refinement surgical techniques will be implemented throughout the lifespan
of the Licence.
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9. Physiology and pathophysiology of cortical network
oscillations
Project duration
5 years 0 months
Project purpose
e Basic research
e 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

Brain, Oscillations, Interneuron, Plasticity, Epilepsy

Animal types Life stages
Mice neonate, juvenile, adult, pregnant,
embryo

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
not required.

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 understand how network oscillations are generated in the
brain, how they influence neuronal communication and learning, and what leads to too
much synchronisation of neuronal activity in epileptic seizures.

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 human brain is the most complex thing in the known universe, and we still do not
understand how this mass of cells gives rise to our thoughts, perceptions and memories.
Our work focuses on understanding how the brain works at the level of individual neurons,
the connections between these cells, and activity patterns generated in small neuronal
networks. We perform these experiments in mice, which have similar cell types and

77|Page



i

Home Office

circuits as observed in the human brain. Importantly, this allows us to use powerful and
invasive techniques to interrogate neuronal function, which would not be possible in
humans. This is important for generating fundamental insights into brain function, which
also supports our understanding of the pathology and treatment of brain disorders. We are
particularly interested in what goes wrong in the brain to cause seizure activity observed in
epilepsy. This disorder remains resistant to drug treatment in approximately 20 % of
patients, and studying the mechanisms underlying such seizure activity in mice will
provide the opportunity to identify new targets for treatment.

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

New insights into fundamental neurobiology
Presentations and publications
Insights into the mechanisms and treatment of inherited childhood epilepsy

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

In the short-term, new insights into the mechanisms and function of neuronal network
oscillations will be shared with the neuroscience community through seminars and
conference presentations.

In the short- and medium-term, the results will be shared with the wider neuroscience
community through publications in journals.

In the longer-term, the results may benefit patients with drug resistant epilepsy. We will
focus particularly on mice with epilepsy mutations, for which the results would most directly
benefit patients harbouring the same or similar mutations. However, there is the potential
for wider benefit to patients with other types of epilepsy syndromes.

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

Collaboration - our work focuses on cells and circuits, and we will collaborate with other
groups to understand the relevance to behaviour, which will maximise the impact of these
studies.

Dissemination of new knowledge - we will publish our results in open access journals
and/or deposit the final submitted manuscript in research archives, in order to maximise
access. When allowed by the journal, submitted manuscripts will be deposited in preprint
repositories to speed up dissemination.

Publication of unsuccessful approaches - graduate students will deposit digital copies of
their theses on research archives, providing access to successful and unsuccessful
experimental data. Postdoctoral researchers who find negative results will publish these
results on an Open Research publishing platform, if this would inform the field.

Species and numbers of animals expected to be used

e Mice: 4800

Predicted harms
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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.

In order to understand the mechanisms and function of brain rhythms, we use mice that
have similar cell types and circuits as observed in the human brain. Some of these mice are
genetically altered to control the expression of proteins - this allows us to identify,
manipulate and/or record neuronal activity in specific cell types. We study the mechanisms
and function of brain rhythms during postnatal development, as well as in the adult brain.

In order to understand the causes of childhood epilepsy, we use genetically altered mice
that have mutations similar to those observed in patients with inherited neurological
conditions associated with childhood seizures. Mice expected to show clinical symptoms
are killed before the expected onset of seizures. We thus study the changes in late
postnatal development that lead to seizure generation, which is relevant to the pathological
progression in inherited forms of childhood epilepsy.

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

The recording of neuronal activity will be performed in mice under terminal anaesthesia, or
in tissue harvested from mice that have been killed humanely.

Mice without disease mutations - some of these mice will undergo one surgery for the
injection of viruses into the brain, and maintained for periods up to several months to
enable viral expression. The mice will then be killed.

Mice with disease mutations - mice will be killed before the expected onset of seizures.

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

Mice without disease mutations are not expected to show any inherent clinical signs.
Those undergoing brain surgery are expected show lack of grooming, reduced movement,
and redness and swelling around the wound in the 2 days following surgery. Minor weight
loss (<10 %) may occur in the week following surgery.

Mice with disease mutations may show deficits in co-ordination and balance during late
postnatal development, but this will not affect their ability to eat or drink. Mice will be killed
before the expected onset of seizures

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: 15 %
Mild: 70 %
Moderate: 15 %
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What will happen to animals at the end of this project?

e 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 project addresses fundamental neurobiological principles, which can only be resolved
in living brain tissue. The invasive recordings and manipulations of neuronal activity cannot
be performed in humans. Neuronal cultures can be produced from immortalised cell lines
or induced pluripotent stem cells derived from animals or humans, however these cultures
develop under artificial conditions that are not able to replicate the intrinsic and extrinsic
inputs that occur naturally during development in situ, and thus display differences in
circuit anatomy and physiology.

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

Computational modelling can provide a powerful approach to understand the mechanisms
and function of brain rhythms. We complement our studies with computer simulations, but
experiments in living brain tissue are required to design and validate these in silico models.

Brain slices can be prepared from human tissue resected during surgery. We are now
attempting to complement our animal studies with experiments in human brain slices, but
there is limited tissue availability, it is obtained under pathological conditions, and it does
not afford the powerful genetic toolbox that can be used to understand circuit physiology in
mice.

Neuronal cultures are appropriate for studying the effects of genetic mutations on the
molecular biology of neurons, but cannot be used to determine the circuit deficits that
develop in situ.

Why were they not suitable?

Non-animal alternatives are not suitable alone to understand physiological and
pathological network oscillations, but we use them to complement our studies:

Computational modelling helps in interpreting our data, establishing sufficiency of
hypothesised mechanisms/functions, and exploring the parameter space to guide further
experimentation.

Experiments in human brain slices will enable us to test whether mechanisms of circuit
physiology are conserved between mice and humans.

Results from neuronal cultures will be used to generate hypotheses about the effects of
disease mutations at the circuitlevel.

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?
The numbers of mice required are estimated based previous experience.

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

Each part of the brain contains many different types of neuron, which vary in their
anatomical structure and gene expression. These properties cannot be visualised reliably
in live brain tissue, and we have previously had to use filling and staining techniques to
resolve cell identity after the experiment. The use of transgenic mouse lines enables us to
target fluorescent tags to genetically-specified populations of neurons, as well as
specifically manipulating their activity, which is a more efficient process in dissecting
cellular and circuit function.

The majority of experiments will be performed in ex vivo brain slices, which enables
several experiments to be performed in tissue from one animal.

The application of multielectrode recordings and/or population imaging techniques
increases the amount of data that can be gathered from each animal.

The majority of our experiments involve acute modulation of neuronal activity, for which we
have internal controls. For experiments in which there is chronic manipulation of neuronal
activity or expression of disease-related mutations, we will conduct our experiments so
that they comply with the ARRIVE guidelines on publication.

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

Efficient breeding - Several groups across our institute use the same genetically altered
mice, and we share mice for experiments and breeding to reduce the number of animals
used. We reduce the number of breeding pairs to the minimum we can, striking a balance
between the numbers required to assure continued genetic integrity and reduction.

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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Mice without disease mutations, including genetically altered animals for expressing
fluorescent proteins, ion channels and/or receptors in specific cell types, are not expected
to show any inherent clinical signs. Some of these mice will undergo one surgery for the
injection of viruses into the brain - this is required to target manipulations to specific
regions of the brain, and is not expected to induce chronic pain, suffering, distress or
lasting harm.

Mice with disease mutations to model childhood epilepsy will be killed before the expected
onset of seizures. Some of these mice may display deficits in balance and co-ordination,
but it is necessary to maintain these mice to the latest possible point prior to seizure onset
in order to determine the underlying brain circuit deficits, while limiting the possibility of the
mice suffering pain and distress during seizures.

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

While cortical architecture and electroencephalogram (EEG) patterns are well conserved
across mammalian species, this is not the case for fish, amphibians and reptiles, and the
EEG of non-mammalian vertebrates has proved to have limited use for even distinguishing
sleep versus wakefulness. Non-regulated animal species, such as flies and worms, lack
cortical structures altogether. The mouse represents one of the least sentient species that
can be used study mammalian cortical network oscillations, and is the most refined choice
due to its genetic tractability.

The patterns of cortical network activity change during development, and we need to study
their mechanisms in both postnatal and adult mice.

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

The protocols we use are well established and scrutinised by the veterinary and research
communities, but we shall ensure that we further improve these protocols in the light of
any new developments in anaesthesia and surgery.

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

We will follow the guidelines provided by the NC3R (https://nc3rs.org.uk) and Lasa
(https://www.lasa.co.uk) on best practice, and follow additional advice provided by the
NVS, NACWO and/or Named Information Officer.

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

The project license holders in the department meet every term, and these meetings are

attended by the regional NC3R manager who provides updates on any advances in the
3Rs. Further information is provided on the NC3R website (www.nc3rs.org.uk).
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10. Breeding livestock for traits derived from new
technologies

Project duration
5 years 0 months
Project purpose

e Translational or applied research with one of the following aims:
o Assessment, detection, regulation or modification of physiological conditions in
man, animals or plants
o Improvement of the welfare of animals or of the production conditions for animals
reared for agricultural purposes
e Protection of the natural environment in the interests of the health or welfare of man or
animals

Key words

CT scanning, phenotypes, genotypes, environmental impact, breeding

Animal types Life stages
Sheep juvenile, adult, aged

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
not required.

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 project aims to produce new knowledge and tools to measure traits of importance in
breeding programmes for farm animals to increase overall productivity and welfare, whilst
minimising environmental impact.

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?
In the long term it is expected that the programme of work will deliver mechanisms to
breed sheep for higher production efficiency and welfare, whilst minimising environmental

impact. In particular, it will provide in the short-medium term:
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novel knowledge on the genetic basis of new traits that could be included in livestock
breeding programmes

harmonised and robust methods to measure these traits across large numbers of animals

capability to employ genetic or genomic (DNA-based) selection for traits that have
previously proven difficult or expensive to measure, including meat and carcass quality,
welfare indicators, feed efficiency, methane emissions.

What outputs do you think you will see at the end of this project?
Outputs from the project include:

novel knowledge on the genetic basis of new traits that could be included in livestock
breeding programmes. This will include estimation of genetic parameters and genetic
correlations to enable recommendations and strategies for inclusion of novel traits into
breeding programmes in the most appropriate and effective ways. These results will be
published in peer-reviewed journals and presented at academic conferences, as well as
forming the basis of articles and presentations aimed at industry end-users.

harmonised and robust methods to measure these traits across large numbers of animals.
Protocols and standard operating procedures for phenotyping UK sheep for novel traits
will be produced to enable future use of these technologies and methods.

capability to employ genetic or genomic (DNA-based) selection for traits that have
previously proven difficult or expensive to measure, such as meat and carcass quality,
spine characteristics, health and welfare indicators, feed efficiency and methane
emissions. Outputs will include databases, parameters and pipelines to produce routine
genetic and genomic breeding values for these novel traits in future.

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

In the medium-long term (5-10 years) it is expected that the programme of work will deliver
sheep with genetic potential for higher production efficiency and welfare, but reduced
environmental impact. This will provide public-good benefits of producing high quality
animal protein, to help meet global food security targets, whilst minimising GHG emissions
per kg of product, to help meet net-zero targets.

In the short-medium term it willprovide:

novel knowledge on the genetic basis of new traits that could be included in livestock
breeding programmes. In the short term, this will benefit the research community and the
industry and policy bodies that they inform - to help develop policies and strategies to
incorporate novel traits into sheep breeding programmes. In the medium term, this will
benefit sheep breeders, who can select for new sustainability traits in their stock, making
them more valuable in the market. It will also benefit commercial sheep producers who buy
the improved breeding stock to produce lambs that better meet market specifications and
government targets for reduced methane emissions (potentially linked to future subsidy
payments).

harmonised and robust methods to measure these traits in large numbers of animals. In the
short term, this will benefit the research community and industry bodies - to help develop
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robust and reliable mechanisms to routinely measure novel traits in UK sheep breeding
programmes. In the medium term, this will benefit sheep breeders and commercial sheep
producers, as detailed above.

capability to employ genetic or genomic (DNA-based) selection for traits that have
previously proven difficult or expensive to measure, such as meat and carcass quality,
spine characteristics, health and welfare indicators, feed efficiency and methane
emissions. In the short term, this will benefit the research community, potentially across a
number of disciplines, and industry bodies - to help develop strategies to incorporate novel
traits into sheep breeding programmes. In the medium term, this will benefit sheep
breeders, allowing more efficient (and cost-effective) selection of breeding stock of
improved genetic merit across a number of important economic and environmental traits,
with reduced need for extensive phenotyping of animals. In the medium term, this will also
benefit commercial sheep producers, who will be able to buy breeding stock of known
genetic merit (with genetic / genomic breeding values) for numerous novel sustainability
traits, as detailed above.

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

The research organisation works closely with farmers, industry representatives, funding
bodies etc., through its research, education and consultancy activities, and delivers
knowledge exchange to different UK and international audiences. They have an excellent
track record in applied livestock breeding research and dissemination. Results from
previous sheep breeding research projects have been successfully applied in the UK and
beyond. For example, breeding values for novel product quality traits measured by
imaging techniques, developed under a previous version of this licence, are now provided
to all terminal sire sheep breeders that record as part of the AHDB Signet Sheepbreeder
scheme across the UK, as a direct result of that research. Therefore, breeding values for
these traits are available to the industry on tens of thousands of performance recorded
sheep per year. Applied research carried out under this licence will have a similar direct
route to end-users within the livestock industry, ensuring maximum impact.

Collaboration with other research groups working in similar areas, particularly within
relevant international projects, will result in joint peer-reviewed publications within this field,
international harmonisation of data collection protocols and increased impact from
combining knowledge and experimental results. These collaborations will also reduce
duplication of research efforts, with beneficial effects on total research spend and number
of animals used across research trials.

Research results (both positive and negative) will be presented at academic conferences
and in peer- reviewed journals, as well as in trade journal articles and at knowledge
transfer events aimed at end- users.

Species and numbers of animals expected to be used

e Sheep: 6000
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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Since we need to measure these traits in the target species to enable genetic selection,
and look for biological and genetic markers in the relevant species, the work needs to be
done on animals and the proposed goals cannot be achieved by using any alternatives.
Wherever possible we use our extensive databases containing historical data of archived
material from previous studies (e.g. images captured for body composition analysis
procedures) or use alternatives such as meat joints, but there are limited opportunities for
replacement of animals with alternative models for most elements of the work.

It is anticipated that sheep from a variety of breeds and production systems will be used
within the studies, to ensure relevance of research results in different populations of UK
sheep. The majority of the trials will focus on growing lambs under 1 year old. However,
some studies may also measure mature animals, in order to fully understand the
repeatability of results across different life stages, which can have differentimpacts on the
sustainability of sheep systems.

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

Central to the achievement of the project objectives are five experimental procedures:
advanced, non- invasive imaging of live sheep for genetic or genomic selection, or to
understand interactions with management regime; DNA sampling (e.g. nasal or saliva
swabbing, blood sampling, or ear punch) for DNA extraction or to look for biomarkers;
individual faecal sampling to look for faecal markers; measurement of greenhouse gas
emissions from individual sheep; and sampling of rumen fluid from individual sheep to
analyse the gut microbiome. Most animals will only undergo one or two of these
procedures once in their lifetime, although some may get multiple procedures over time to
look for physiological changes or relationships between measurements. In the vast
majority of animals, allprocedures will take place within a period of less than 3 months.
Otherwise animals will be managed as in commercial sheep flocks.

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

No adverse effects are expected from these procedures and it is anticipated that animals
will be returned to their home flock, and will be fit to be slaughtered or sold for breeding, if
appropriate.

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)?

All procedures are categorised as mild in their severity level and no animals are expected
to suffer anything but short-term mild discomfort or behaviour restriction.

What will happen to animals at the end of this project?

o Keptalive
e Rehomed

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?

Since we need to measure these traits in the target species to enable genetic selection,
and look for biological and genetic markers in the relevant species, the work needs to be
done on animals and the proposed goals cannot be achieved by using any alternatives.
Wherever possible we use our extensive databases containing historical data of archived
material from previous studies (e.g. images captured for body composition analysis
procedures) or use alternatives such as meat joints, but as we are now extending studies
into other technologies and traits, there are limited opportunities for replacement for most
elements of the work.

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

Wherever possible we use our extensive databases containing historical data of archived
material from previous studies (e.g. images captured for body composition analysis
procedures) or use alternatives such as meat joints.

Why were they not suitable?

We are now extending studies into other novel technologies and traits, and as such there
are limited opportunities to use previously-collected data for replacement for most
elements of the work.

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 maximum number of animals used has been estimated for the projects that have been
funded, or that we hope to receive funding for, within the lifetime of this work programme.

The exact numbers of animals required will vary with particular experimental designs and
will be based on previous experience and the scientific literature.

For each experiment, an experimental protocol is submitted to the organisational Animal
Welfare Ethical Review Body, which includes statisticians in its membership. The protocol
includes: a statement of the objective(s) and a description of the experiment, covering
such matters as the experimental treatments, the size of the experiment (number of
groups, number of animals/group), and the experimental material. Furthermore, protocols
for each experiment including the above information and other matters such as methods of
analysis are produced to conform to Institutional Research Quality Assurance
requirements.
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What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?

Consultation with statisticians ensures that the minimum number of animals are used to
enable robust scientific conclusions to be drawn. Where possible, on both ethical and
economic grounds, our research is based on re-analysis of existing data, or data sharing
with other institutes. We maintain well-organised, comprehensive computer-based
databases for the type of experiments described here. This means that: (i) historical data
is readily available for re-analysis, where this is relevant (thus reducing or replacing the
need for animals in some cases), and (ii) we have good procedures for checking whether
animals which have been subjected to particular experimental protocols have performed in
a different way from others (allowing refinement of procedures if necessary).

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

Where required, pilot studies will be used to provide the baseline data to inform on larger
trial work, and to refine sampling procedures and techniques for data capture. We will also
use the opportunity to share data and samples with collaborators (internally and externally)
to achieve maximum value from minimum resource. In particular, close collaboration with
partners in international projects who are using the techniques that are new to our research
group (Portable Accumulation Chamber (PAC) measurements and rumen sampling) will
inform optimal sample sizes and experimental design. Where possible, results or data will
be combined across research groups to maximise impact and avoid duplication of
research effort.

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.

Highly trained staff and good animal housing, handling and recovery facilities, have
enabled us to refine advanced imaging techniques and tissue / blood /faecal sampling
procedures, so that suffering is minimised. We have experienced very few problems in
applying protocols very similar to those described here, under our previous licences.
Sedation of animals minimises stress. Use of mobile imaging equipment reduces the need
for excessive animal transport and means that we can take the equipment to farms with
appropriate handling systems. The imaging equipment has been replaced in recent years
with a higher specification instrument which gathers data more quickly, reducing the data
acquisition time, so that the procedure for each animal is faster and more reliable.

We are constantly looking for minimally invasive ways of collecting samples or data. For

example, the use of saliva / or nasal swabbing to replace faecal and blood sampling are
used where possible.
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For the procedures new to our research group, training will be received from experienced
personnel in other countries (Ireland, Norway and New Zealand) or research groups (beef
unit technicians within the same organisation) and detailed protocols and SOPs will be
shared by those groups, to ensure that methods are employed to minimise suffering. The
groups in those countries have recorded thousands of sheep through Portable
Accumulation Chamber (PAC) equipment and have rumen sampled hundreds of animals,
resulting in highly refined protocols.

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

Itis not possible to use immature, less sentient or terminally anaesthetised animals. The
study aims to develop phenotyping tools and methods of optimising efficiency and
minimising environmental impact that are commercially applicable to farming
environments.

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

The procedures described here are already refined as a consequence of our work over the
last 24 years and are regularly in use by our team. These include measurements taken by
advanced imaging technologies and sampling procedures for blood and faeces. Where we
are using new methods - i.e.

methane measurements using portable accumulation chambers or rumen sampling - we
will implement pilot testing where appropriate and follow detailed training and instruction
protocols from experienced research groups in these techniques.

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

Where appropriate, we will use methods that conform to International Committee for Animal
Recording (ICAR) guidelines for recording traits to be used for animal breeding
programmes.

The research group has well-established, previously-published, methodology and
guidelines for collecting and analysing similar images from live animals using these
advanced imaging techniques, and measuring numerous phenotypes from these images.
Our group is considered one of the world- leaders in this area of research in sheep.

Published studies, guidelines, SOPs and protocols from highly-regarded research groups,
that are leaders in the field, will be followed to ensure best practice for procedures that are
new to our research group (portable accumulation chambers and rumen sampling).

When publishing our research we will use the ARRIVE guidelines to ensure that we make
all the relevant information known to others and help refine further studies.

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

We will continually review our procedures throughout our work and seek less harmful

alternatives whenever these are available. We will regularly visit the NC3Rs website to
check for any new developments.
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11. Development, homeostasis and disease of the
peritoneum and the intestinal tract.

Project duration
5 years 0 months
Project purpose

e Basic research
e Translational or applied research with one of the following aims:
o Assessment, detection, regulation or modification of physiological conditions in
man, animals or plants
o Avoidance, prevention, diagnosis or treatment of disease, ill-health or
abnormality, or their effects, in man, animals or plants
e 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

peritoneum, post-surgical adhesions, enteric nervous system, aganglionosis, therapy

Animal types Life stages
Mice embryo, neonate, juvenile, adult,
pregnant, aged

Retrospective assessment

The Secretary of State has determined that a retrospective assessment of this licence is
not required.

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?

We aim to improve our understanding of

the development and role of the peritoneum, especially the mesothelium covering the
intestine and the peritoneal wall, during homeostasis and in response to external

challenges during (adhesion) scar formation;

the cellular and molecular processes involved in Hirschsprung's disease (HSCR), which is
a congenital abnormality of the enteric nervous system (ENS).

We seek to test therapeutic approaches in order to prevent scarring in response to injury
(peritoneum), and aganglionosis (Hirschsprung's disease).
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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?

The peritoneum is generally well-protected from external injuries. However, a range of
clinical symptoms can arise including peritonitis, endometriosis, peritoneal scarring due to
dialysis, peritoneal disease (metastasis) and post-surgical adhesions. In all these
phenotypes, the mesothelium the outermost layer of the peritoneum, is involved and
affected. Post-surgical adhesions arise in response to damage to the peritoneal layers of
the intestine and can involve the abdominal wall. Adhesions can arise in up 93% of
patients after intra-abdominal or pelvic surgery, leading to considerable morbidity since
they can be a major cause of infertility in women, or lead to small bowel obstruction, with a
3-13% mortality rate. Post-surgical adhesions can be a frequent cause of chronic
abdominal pain. The only effective treatment is adhesiolysis, which involves further
surgical intervention, resulting in a huge economic burden ($2.3Billion / year in the USA).
While therapies against adhesion formation include physical barrier consisting of
membranes, gels or liquids, none have provided success in randomised clinical trials.
Therefore, there is an urgent need to improve our understanding of the cellular and
molecular mechanisms that lead to adhesion formation in order to develop successful
therapeutic strategies, for example by targeting specific molecular pathways.

Hirschsprung's disease (HSCR) is a congenital disease in 1:5000 live births. HSCR is
associated with an absence of enteric ganglia in the hindgut, based on the lack of
parasympathetic intrinsic ganglion cells in both submucosal and myenteric plexi of the
hindgut. It is thought that HSCR arises as a consequence of premature arrest of the
migration of vagal neural crest cells into the hindgut. The internal anal sphincter is
invariably affected, however, the absence of enteric ganglia can affect varying length of the
intestine. The lack of innervation leads to a distention of the colon (megacolon), resulting in
no or very slow gastrointestinal passage. Current treatment involves surgical intervention,
with a large number of patients suffering postoperative gastrointestinal dysfunction.
However, recent research promises the prospect of cell therapies to regenerate the
aganglionic hindgut, however, there are large gaps in our understanding of how therapies
using cells or molecules could work successfully.

Therefore, the overarching goal of this project is to establish an advanced understanding
of biological mechanisms and to develop translational approaches in preclinical mouse
models that replicate the clinical symptoms, for the treatment of peritoneal abnormalities
including post-surgical adhesions, and of Hirschsprung'’s disease. In order to facilitate
these advances in knowledge and understanding, we need to include detailed analyses of
the cellular and physiological processes giving rise to mesothelial tissues and their
maintenance, as well as communication with neighbouring tissues, and to the ENS.

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

This project will provide a number of outputs, including:

A deeper understanding of external stressors like surgery on the peritoneum. This involves

a more detailed insight of peritoneal development and homeostasis, and the effects of

ageing on homeostasis and response to injury. In includes defining mesothelial cell

heterogeneity and differential molecular responses to injury. These outcomes will provide
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novel insight into molecular and cellular processes that could be clinically exploited for
therapeutics.

An in-depth analysis of the abnormalities of the ENS in the hindgut/colon of mouse models
of HSCR. This will provide us with an improved understanding of the abnormal interactions
of cells and the modified underlying molecular pathways in this congenital disease. We will
be able to use these insights to determine routes to therapeutic interventions.

Multiple research publications in peer reviewed journals. We have several manuscripts
that are going to be published within the coming months and we strive to generate more
publications from our funded studies, not only for the benefit of the young researchers
involved, but also to improve understanding and knowledge in the field.

Scientists with unique training and expertise in various techniques including surgery,
colony maintenance of wildtype and genetically altered animals, approaches to testing
possible therapies, data analysis. These skills will be invaluable for the research careers of
the staff and students involved in this programme of work.

The long-term aim of this programme is to establish a solid foundation of knowledge of
molecular and cellular processes that enable the testing of therapeutic interventions with
potential for translation to the clinic.

Who or what will benefit from these outputs, and how?
Short term beneficiaries:

The research community seeking to develop treatment for HSCR and post-surgical
adhesions, developmental and cell biologists, as well as the regenerative medicine
research field. Our research findings will be communicated to these communities via
workshops and conference presentations, which will lead to exchange of ideas and cross-
fertilisation of outcomes, ideas and concepts. The research communities will also benefit
from research publications generated from our findings, with the potential to stimulate
further research.

The young researchers working on these projects, as it will equip them with unique
expertise in mouse models of injury and disease, mouse genetics, surgery and ex vivo
methods arising from these.

Medium to long term beneficiaries:

This will include the research team as short-term outcomes will build further expertise of the
entire team, leading to continuity and consolidation as well as refinement of techniques.

The research community (research-interested paediatric surgeons and clinicians and
basic researchers, including those interested in HSCR, post-surgical adhesion,
developmental and cell biology, regenerative medicine) will be beneficiaries as our
findings will increase knowledge. In addition, accumulation and consistency in outcomes
will consolidate the reliability and reproducibility of our work, leading to an improvement in
standards.

Clinicians (paediatric and adult surgeons, clinicians, HSCR, post-surgical adhesions) will

benefit from improved understanding of the mechanisms that lead to the disease outcome,

including cellular and molecular processes. We expect that our findings will be important
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contributors to the development of clinically relevant therapeutics for treatments in HD or
post-surgical adhesion patients that can be tested in clinical trials.

HSCR patients suffering from aganglionosis and blocked gastrointestinal passage, as well
as patients suffering from post-surgical adhesions with the associated intestinal
obstructions.

The public will benefit from increase in knowledge, dissemination, and treatment options for
patients.

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

Our outputs are maximised by interactions with colleagues from preclinical and clinical
research fields, as well as interactions with patient representatives. We have ongoing
international and national collaborations which strengthen our outputs.

We are strongly engaged with local clinicians treating patients with HSCR and post-
surgical adhesions and understand their clinical needs. Through these interactions, we can
reach a wide audience of specialist preclinical and clinical researchers and practitioners as
well as lay people.

We maximise our outputs through attendance at workshops and conferences, and most
importantly through publication of our findings in open access journals, including the use of
pre-print serves (e.g. bioRxiv). We are keen to publish unsuccessful approaches, and
datasets are made available after publication.

Species and numbers of animals expected to be used

e Mice: 3500

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 overarching aim is to develop treatments to prevent peritoneal scarring after abdominal
surgery, and to prevent HSCR to cause megacolon and colonic constrictions and
associated surgery and morbidities that could in the future be used in patients. We will test
cells or cell-derived substances as treatment, and use animals in order to find out which
are the most successful cells or substances to reduce the scar in the peritoneum/colonic
constrictions. We use mice because their peritoneum and colon have very similar tissue
structure and functionality to humans, and show similar response to injury or lack of ENS
as in patients. Mice are the simplest animal model with this level of similarity to humans.
Therefore, mice are the most appropriate animal to achieve our aims. Peritoneal scarring
can occur throughout the life course, often years after surgical intervention. Therefore, we
will use adult mice, but also aged mice.

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

Animals in this project may be part of studies that
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analyse normal developmental or homeostatic processes, in some cases combined with
genetic lineage tracing,

induce injury to the peritoneum after surgery combined with genetic lineage tracing, and/or

test and determine the success of administration of cells or cell-derived substances or
molecules.

With these studies, we also wish to understand how the successful treatment works, and
where the cells that we use as treatment, go in the body.

During these studies, animals will be administered substances, most frequently tamoxifen
or other recombination-inducing agents, to which they may respond with mild weight loss
within the 7 days after start of dosing.

Some of the mice will become unwell because they lack gene function. We have specific
humane endpoints in place which will allow us to determine when to kill the mice in order
to prevent them from undergoing unnecessary suffering.

Mice which undergo surgery, will be under general anaesthesia, but will recover
uneventfully from this intervention. They will be given peri- and post-surgical treatment of
pain relief. This intervention may be associated with a mild version of weight loss, from
which the mice will recover.

Some of these mice will undergo in vivo imaging, which may involve the injection of small
volumes of contrast substances that can be detected by the imaging instruments. These
steps are typically performed under general anaesthesia. These measurements can take
place repeatedly over the study period but at the most appropriate times to reduce harm to
the mice.

Some of the mice will receive cells or cell-derived substances or molecules as test
treatment. We will monitor and measure clinical signs of progression of the injury or
disease with and without treatment.

Mice after lineage tracing induction, surgery and/or therapy treatment may be monitored for
up to 6 months.

Some of the mice will be aged when treatment of resumes in order to determine the effect of
ageing on injury progression and efficacy of therapies. We have specific scoring
documents in place in order to determine the humane endpoint for the mice that are aged
and undergo steps of the protocols under this licence, considering age-related frailties.

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

The experimental conditions may lead to loss of weight in mice that
have been given tamoxifen or other recombination-inducing agents,
have undergone surgery,

have undergone in vivo imaging steps.
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In B) and C), anaesthesia contributes to the weight loss. Weight loss is only temporary, and
animals generally recover uneventfully.

Because of the need for clinical signs of peritoneal injury or colon constrictions in order to
assess the effect of the treatments, these adverse effects are necessary.

Aged mice may be more frail than healthy adult mice and their treatment regime during the
steps of protocols will be adjusted so that they are milder without preventing us from
obtaining relevant information on the same question of peritoneal injury and effectiveness
of treatments with cells or cell- derived substances.

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)?

Of the six protocols in this licence, four have a severity band of moderate, while two have a
severity band of mild.

In moderate Protocol 2, we may breed genetically modified mice which may show signs of
moderate health problems, at about 50% of the animals under this protocol. Ageing mice
will be generated under

Protocol 3, which can lead to moderate severity in their clinical signs. Overall, we expect
that about 70% of the mice under this protocol show signs of moderate severity.

In moderate Protocol 4, we may perform genetic lineage tracing, which may be combined

with surgical induction of peritoneal injury, and administration of therapies to explore their

efficacy, and in vivo imaging. We expect that overall, up to 80% of mice under this protocol
show signs of moderate severity.

In moderate Protocol 5, we may administer therapies to animals with Hirschsprung'’s
disease and combine this with in vivo imaging. We expect that about 25% of the mice
under this protocol show signs of moderate severity.

What will happen to animals at the end of this project?

e Killed
e Used in other projects

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 conditions that contribute to the development of peritoneal scar formation or
Hirschsprung’s disease, and possible treatments, cannot currently be reproduced in the
non-animal setting since due to the in vivo complexity of the diseases, including by
intestinal wall cells, immune cells and other physiological factors beyond the interactions of
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cells inside the intestine or peritoneum. Mammalian physiology and anatomy are complex
and other organs may also contribute to the injury / disease and any beneficial treatment
response. Any beneficial treatment response observed in a non-animals condition may
have to be validated using animals models before treatments can be trialled in patients.

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

In vitro systems (cell culture of mesothelial explants or primary mesothelial cells, bowel-
derived neurospheres) offer some opportunities to replace the use of mice. Cell culture
work is being performed to study effects of therapeutic agents on peritoneal mesothelial or
ENS progenitor cells, but only deliver limited information due to the isolated setting. These
approaches are currently being used, however, they are based on the isolation of cells or
tissues from animals. The in vitro system will be complementary rather than full
replacements of animal studies.

Why were they not suitable?

In vitro approaches cannot reproduce the entire disease setting and physiological condition
of the animal. These are important aspects that contribute to the injury or disease, and
treatment response. This includes interactions with other organ systems and cells as well
as physiological parameters including intestinal and peritoneal function. Although cell-
based studies produce important information in their limited format on the response of
isolated cells to specific conditions, a whole range of these conditions are not being
assessed because they still lack the intricate interaction between cells within organs, and
between organs and systems in the animal.

In vitro or ex vivo experiments cannot completely replicate the animal model since disease
or injury processes in the patient take place in a complex environment. This needs to be
considered when working towards achieving the aims of our work, which are to determine
the efficacy and mechanisms of action of cells or cell-derived substances or molecules
within the animal to peritoneal injury and scarring or colonic constriction based on
aganglionosis.

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?

My experience in this area of research over the last 10 years allows me to estimate with
confidence the mouse numbers needed for this programme of work. Animal numbers are
determined based on currently funded studies and the experience with previous project
licences. These are based on effect sizes (including variances) from previous work or
published studies, and also considering adverse effects.

What steps did you take during the experimental design phase to reduce the
number of animals being used in this project?
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The studies funded for this programme of work will have undergone peer review which
includes providing detailed statistical analysis and power calculations. We have made use
of the NC3Rs experimental design assistant but also other online power calculation tools
(G star power etc) to design our studies and power our experiments so that we can
achieve sound primary outcome measures. We base calculations on group sizes on
estimates of effect sizes from our previous work, including preliminary data, and on
published studies.

We have performed longitudinal studies including the use of in vivo imaging, which allow
for a reduction of animal numbers since it reduces end point analysis at these different
time points.

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

We have established efficient breeding of the compound mutant lines. Out of four
genotypes that arise, two genotypes can be used for breeders to maintain the line. One of
these can also be used for gene ablation studies. One additional genotype can be used for
normal lineage tracing experiments and in combination with surgery to induce peritoneal
injury; males of this genotype are mostly used for matings to generate embryos. The fourth
genotype is also of value for studies involving only the ubiquitous dTomato reporter
expression.

Generally, we attempt to make use of all mice by utilising their tissue post-mortem in ex
vivo/in vitro cultures that complement the in vivo work. We have stored tissue blocks which
will be of use to students being introduced to techniques of histological analysis including
immunostaining.

Image data sets are stored digitally and can be re-analysed at later stages.

We perform pilot studies where required when new external compounds or treatments are
being introduced to mice, restricting original pilots to small group sizes (~3 animals).

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 programme of work, we use two different mouse models:

mouse models of surgically induced peritoneal injury and scarring which very closely
replicate the clinical phenotypes and symptoms of patients having undergone abdominal
surgery. These injuries are required to achieve our overarching aim of developing therapies
for treatment of peritoneal scarring and fibrosis, using cell or cell-based or molecular
treatments. Our injury models are widely accepted as standard for mouse experiments that
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replicate symptoms of peritoneal injury in patients.

These models induce only temporary pain due to the surgery, which will be mitigated with
analgesics. In order to analyse contributing cells to scar formation and fibrosis, we include
genetic lineage tracing strategies. For this purpose, the mice will be administered a
drug/compound (i.e. tamoxifen) that induced recombination to activate lineage tracing of
specific cells of the peritoneum. The mice may undergo minor weight loss from which they
recover.

Overall, we have not experienced any suffering or distress or lasting harm that in animals of
the surgical/lineage tracing model.

mouse models that replicate closely the clinical symptoms of congenital Hirschsprung’s
Disease. The model is caused by loss of gene function and leads to onset of disease
shortly after birth. We have established the humane endpoint as day 7 and until then
newborn mice are monitored carefully for any signs of suffering and distress.

Some of the mice in experimental treatment groups will receive versions of cells or cell-
derived substances or molecules with the aim to reach a reduction of the level of disease,
which should correlate with the level of suffering and distress.

In loss of gene function studies mice will generally be carefully monitored before they
reach well established humane endpoints in order for the mice to progress to the clinical
signs required to reach the research objectives while undergoing the least distress,
suffering and pain.

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

In this programme of work, we study effects of cells or cell-based substances or molecules
as therapeutic treatment in mouse models of peritoneal injury and scarring, and
Hirschsprung’s disease, mimicking variances of the disease found in patients. The mouse
is the simplest model organism that can replicate these disease scenarios because it has
a very similar anatomy and physiology to the human.

Adult or even aged mice are needed to perform these studies because post-surgical
adhesion patients can fall within this bracket. It is necessary to have fully functional organ
systems available in the animal for the studies to yield relevant information, and early
embryonic stages would not be providing the required data. It is not possible to perform
the studies in terminal anaesthetised animals as various outcome measures wouldn't be
able to be assessed, making this an impractical approach.

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

| have worked with mouse models of kidney injury for over 10 years, and have experience
with mouse models of peritoneal injury for over 5 years.

We started the Hirschsprung’s mouse model 2 years ago.

We have also established multi-modal imaging in healthy and injured mice under previous
licences.

| have >20 years of experience in mouse models of various diseases, and have used
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genetic lineage tracing and ablation models. Based on these experiences, | have
established an excellent strategy for monitoring and care of mice by assessing and scoring
animal well-being in different disease situations, which could present stages of disease
progression and injury.

In order to implement the mouse models of injury and disease, and other procedures
within this programme of work, mice are closely monitored during the critical phases after
injury induction in order to maintain the severity levels and determine when humane end
points are reached.

One of the main predictors of animal distress and suffering is animal weight, and so
animals are weighed regularly and their overall appearance monitored every few hours on
the day of surgery or other induction of injury, and daily afterwards. This may involve close
monitoring of well-being during critical phases of injury response by night visits in order to
avoid unnecessary suffering of the mice.

We constantly strive to refine procedures to minimise suffering and improve welfare of the
animals. This includes regular reflection of steps that could be improved.

For example, the Hirschsprung’s mouse model (Ednrb mutant line) was published as more
robust than we have experienced in our animal facility. The clinical signs of lack of an
enteric nervous sys