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NON-TECHNICAL SUMMARY

Understanding how to exploit the oxygen
sensing pathway for therapeutic benefit

Project duration

5 years 0 months

Project purpose

(a) Basic research
(b) Translational or applied research with one of the following aims:

(i) Avoidance, prevention, diagnosis or treatment of disease, ill-health or abnormality, or their
effects, in man, animals or plants.
(ii) Assessment, detection, regulation or modification of physiological conditions in man,
animals or plants.

Key words

Oxygen, Immunity, Cancer, Therapy

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

Objectives and benefits
Description of the project’s objectives, for example the scientific unknowns or clinical or
scientific needs it’s addressing.
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What's the aim of this project?

Oxygen and the ability to sense oxygen is essential for our survival. Cells throughout our bodies 
continuously monitor the amount of oxygen available to them through a system called Hypoxia-
inducible factor (HIF).  When oxygen levels are low (a condition called hypoxia), HIF is activated 
enabling cells and tissues to adapt to low oxygen. The importance of this oxygen-sensing pathway is 
evident in that it operates in all cells and has many different functions. As a result, the pathway plays a 
role in a range of normal and disease settings including ischemia, stroke, heart attacks, energy 
homeostasis, immunity and cancer. This licence will focus on two of these areas, immunity and cancer.

The overall aim is to use genetic and pharmacological approaches in mice to understand the 
consequences of manipulating HIF. We anticipate that pharmacologic manipulation of the HIF pathway 
will be useful in a range of immunological diseases and cancers.

The role of the HIF system in certain specialised immune cells is largely unknown. The immune system 
produces proteins known as antibodies that protect our bodies against infection. The immune system 
also produces memory cells and is the reason why vaccines work. An amendment has been made to 
protocol 14 to increase the maximum time that mice will be exposed to hypoxia from 21 days to 45 
days. The main reason for increasing hypoxic exposure to 45 days is that this time frame allows us to 
examine the effects of sustained hypoxia on B cell survival and on memory recall response, where 
typically a secondary immunisation (boost) is given at day 35 and recall is assessed 7-10 days 
afterwards. Recently, we have found that severely ill COVID-19 patients are hypoxic and have a 
compromised memory response. This amendment would enable us to examine why hypoxia has a 
detrimental effect on B cell memory. The HIF system has major effects on certain aspects of immunity 
but we have just begun to scrape the surface. We wish to comprehensively understand the role of HIF 
in immunity. This is important since the hypoxia pathway can be targeted with drugs and so there is 
capacity to use these drugs as novel treatments to enhance responses to vaccination or treat 
autoimmune diseases, transplant rejection and cancer.

The second major area we will focus on is cancer. Hypoxic cancer cells are aggressive, resistant to 
treatment and contribute to cancer spread. We will study how HIF contributes to these processes and 
how it could be targeted with drugs as a novel treatment for cancer.

The “oxygen-sensing” mechanism that regulates HIF centres on a particular family of enzymes. Drugs 
that block the function of these enzymes mean that HIF can be activated in the presence of oxygen – 
i.e. in situations where it would normally be destroyed. There have been recent advances of these 
drugs in clinical trials.  In this project we will study the effects of inhibiting these enzymes and HIF. We 
need to find out which enzyme(s) it is best to inhibit, which disease(s) this will be helpful in, what stage 
of the disease it will work at, and what the side effects will be. 

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.

What are the potential benefits that will derive from this project?
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We are focusing on how HIF influences immunity, immunological diseases and cancer. Ultimately, by 
identifying and understanding its role, it may be possible to develop novel treatments, since the HIF 
system is pharmacologically tractable. 
 
We anticipate that pharmacologic manipulation of the HIF pathway will be useful in these clinical 
settings. This project in mice will help us to select the right pharmacological target(s) to achieve this, 
guide the choice of the clinical circumstances in which this is most likely to be useful, and indicate what 
side effects are likely to occur. 
 
Importantly, we know that both the immune system and HIF system are very similar in mice and 
humans, making mice an excellent translational model of our findings to the human setting. 

Recently we have found that patients with COVID-19 develop marked B cell abnormalities, including 
reduced B cell memory and affinity maturation, and skewed antibody isotype use. We have strong 
circumstantial evidence that this could be due to the severe and sustained hypoxia seen in this 
condition. Studies of prolonged hypoxic exposure conducted under this PPL would provide the 
strongest evidence we can get that hypoxia is a causative factor in critically ill humans with COVID-19. 
This could in turn rapidly impact patient care, as it suggests early oxygen administration might prevent 
the immune paralysis we see, and improve outcomes. Current policy is to delay oxygen treatment for as 
long as possible, which could be exactly the wrong thing to do. 
 
The genetically altered mice developed will be made available to other scientists working in the field. 
Findings will be made available to other scientists through publication in peer-reviewed journals and 
presentations at scientific meetings. This will advance our scientific knowledge and therapeutic 
application of this research field faster.

Species and numbers of animals expected to be used

What types and approximate numbers of animals will you use over the course of this project?

Over the 5 year course of the licence we expect to use an estimated 8500 mice.

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

In the context of what you propose to do to the animals, what are the expected adverse effects
and the likely/expected level of severity? What will happen to the animals at the end?

The majority of mice will be genetically altered (GA) mice used for breeding and harvesting tissues for 
analysing cells cultured in the lab. Most GA mice will be healthy and show no harmful effects (sub-
threshold severity). Since most of our GA mice will have genetic modifications in the immune system, 
mice are maintained in a ‘barrier’ environment in individually ventilated cages to protect them from 
infection and ensure that any effect on the immune system does not compromise the health of the mice.  
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A very small number of GA mice may be found with physical signs of ill health. These mice will be 
closely monitored and mice showing signs of discomfort such as reduced movement and weight loss 
will be humanely killed. Additionally a very small number of GA mice may be found dead. This is 
because the onset of clinical signs is rapid such that mice may not be found showing clinical signs of ill 
health even when inspected 2-3 times a day, and so it has not been always been possible to humanely 
killed the animals at an earlier time-point. 
 
The majority of mice that undergo a regulated procedure will only reach mild severity, meaning that 
mice will experience no more than transient discomfort and no lasting harm.  In some circumstances, 
mice exhibiting adverse effects may undergo a procedure and enter moderate severity. Here the health 
status will be closely monitored and recorded. Mice exhibiting signs of distress will be humanely killed. 
Experiments to test the effect of altering the HIF system in cancer involve injecting cells under the skin 
of anaesthetised mice, mice recover and the cells grow as a tumour. The tumours will be monitored 
carefully and if they reach a certain size, or are affecting the animal’s health the mouse will be 
humanely killed. Mice dosed with drugs or other agents such as cell labelling dyes, in the drinking 
water are expected to enter subthreshold severity. Mice dosed with substances in the drinking water or 
diet that alter their genetic make-up are expected to tolerate this well, some mice may not eat or drink as 
much. Other procedures include injections, blood sampling, and immunisations that mimic human 
vaccines.  Mice receiving these procedures are expected to not show minimal or no signs of distress 
and enter mild severity. Some mice infected with a mild virus may develop mild flu-like symptoms which 
last no more than 24 hours. Some mice will receive a dose of radiation to enable bone marrow 
transplants of immune cells. This may cause some mice may to feel unwell with diarrhoea as a result of 
irradiation. However, we have not seen this thus far in our studies. Some mice will live in low oxygen 
environments for up to 3 weeks (moderate severity), which will cause them to not eat or drink as much 
as normal for a short period (2-4 days) but then acclimatise back to normal eating and drinking 
behaviour.  
 
At the end of experiments, most mice will be killed by a humane ‘schedule 1’ method. In rare and 
exceptional circumstances we may use non-schedule 1 humane methods, to allow us to take large 
blood samples or study short-lived proteins of the HIF system.

Replacement
State why you need to use animals and why you cannot use non-animal alternatives.

Wherever possible, we also perform human studies, but this is not always feasible. We will minimise 
the number of mice used by performing as much preliminary work as possible in cell cultures or on live 
cells isolated from mice. Our approach to combine human and animal data with state-of-the-art 
computational methodology allows us to explore HIF in certain clinical settings that are closely 
translatable to humans. These studies allow us to optimise and focus our studies. 

Work proposed under the PPL can only be undertaken in an intact organism in which the complex 
interplay between different cell types and in different organ systems can occur. We have previously 
used C. elegans (a worm) very effectively but we cannot use this to study adaptive mammalian 
immunity. For studies involving the use of cancer therapeutics, drugs are first tested extensively in 
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cultured cancer cells in the lab before being considered for use in mice. Only those showing a 
significant therapeutic effect in cancer cells and not normal cells are considered for use in animals.

Reduction
Explain how you will assure the use of minimum numbers of animals.

The number of mice bred are kept to a minimum. Existing GA mice are bred when possible to avoid 
generating new mice. Complicated breeding strategies are continuously monitored and reviewed. The 
strain administration is centralised to ensure coordination of different studies and prevent experimental 
duplication. The information obtained from each mouse is maximised by measuring as many variables 
as possible.

Experiments are designed in keeping with the ethos of the three R’s: We use blinding and 
randomisation widely during our experiments to avoid biases and use power calculations to ensure that 
experiments use the fewest number of animals to generate statistically powered data. We carry out pilot 
studies if we are planning complex dosing and/or immunisation studies that require initial validation 
and optimisation. These steps ensure that we generate high quality data and maximise the insights we 
obtain, whilst using the minimum number of mice to produce statistically valid data. 

Additionally,when planning and conducting experiments we make use of the ARRIVE (Animal 
Research: Reporting In Vivo Experiments) guidelines https://www.nc3rs.org.uk/arriveguidelines and 
publish in accordance to these. These very useful guidelines are intended to improve the reporting of 
research using animlas, maximising information published and minimising unnecessary studies. We 
are strong advocates of these.

Refinement
Explain the choice of species and why the animal model(s) you will use are the most refined,
having regard to the objectives. Explain the general measures you will take to minimise welfare
costs (harms) to the animals.

Parallels between the human and mouse HIF and immune systems are well understood, making mice a 
good model species for these studies. We perform many cell culture experiments and experiments on 
live cells isolated from mice to optimise and focus our studies in mice. Breeding mice that may develop 
a harmful phenotype will be kept to a minimum and only done when these mice are critically required to 
answer specific scientific questions. Dosing and sampling procedures will be undertaken using a 
combination of volumes, routes and frequencies that of themselves will result in no more than transient 
discomfort and no lasting harm.




