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Supervisor(s):  1David R. GREAVES, 1Christoph TANG, 2Angela J RUSSELL, 3Helen BYRNE 
     
Named Day-to-Day Mentor (if different from above)1:  
 
Department(s):           1Sir William Dunn School of Pathology  

2Departments of Chemistry and Pharmacology 
3 Mathematical Institute, University of Oxford 

 
E-mail:                        David.greaves@path.ox.ac.uk          Tel: 01865 275506 
 
Project Title:  Innate immune cell activation to enhance phagocytosis and killing of 

antimicrobial resistant bacteria. 
   
Relevance of project to BBSRC themes (please underline all that apply): 

Understanding the rules of life / Transformative technologies / Bioscience for sustainable 
agriculture and food / Bioscience for renewable resources and clean growth / Bioscience for an 
integrated understanding of health. 

Relevance of project to DTP subject areas (please check all that apply): 

• Animal Health  
• Animal Welfare  
• X Cellular Mechanisms  
• Crop Science  
• Developmental Biology  
• X Immunology  
• Industrial Biotechnology  
• X Microbiology  
• Neuroscience  
• Plant Science  
• Regenerative Biology  
• Stem Cells  
• Structural Biology  
• Synthetic Biology  
• Technology Development  
•        X Other World Class Bioscience 

                                                 
1 For laboratory-based projects this will normally be a postdoctoral researcher, senior technician or senior graduate student. 
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Brief description of project (no more than 500 words): [Please provide a brief outline of the 
background and aims for the short project, including information on potential opportunities for 
extension to DPhil] 
 
Aims (for the short project) 
The Greaves Laboratory has been studying an orphan G protein Coupled Receptor (GPCR) called GPR84 
which is expressed in innate immune cells including activated macrophages and neutrophils. In early 
experiments we showed that treatment of M1 polarised macrophages with synthetic chemicals that activated 
the GPR84 receptor enhanced phagocytosis of dead bacteria and latex bead particles (Recio et al., 2018). In 
recent experiments in collaboration with a bacteriologist Prof Tang we have started to use live E.coli in our 
phagocytosis assays and shown that a range of GPR84 agonists enhance both phagocytosis and killing of 
Gram negative bacteria.  

For the short project component, we envisage two potential projects.  

1) To screen for other chemicals that can enhance the uptake and killing of antibiotic resistant bacteria in 
tissue culture assays before testing their activity as innate immune adjuvants in vivo. 

2) To continue to develop mathematical models of macrophage phagocytosis and validate our models 
using live cell imaging techniques in vitro. 

Background  
Antibiotics are drugs that kill bacteria which cause life-threatening infections. The successful use of antibiotics 
in medicine is threatened by the development of antimicrobial resistance (AMR). The World Health 
Organisation (WHO) estimate that more than one million people a year die from infections that resist 
treatment with antibiotics. Very few new classes of antibiotics have been developed over the past 30 years. 

An alternative approach to treat bacterial infections is to develop immune adjuvant therapies using drugs to 
stimulate the host immune response. Most immune adjuvants enhance the immune response to tumours but 
in this project, we plan to stimulate macrophages, a key cell type of the innate immune response, to phago-
cytose and kill AMR bacteria. An important advantage of targeting the host rather than the pathogen is that 
this would remove selective pressure for evolution of microbial resistance. 

Macrophages derive their name from their ability to phagocytose a wide range of particles via activation of cell 
surface receptors and rearranging their cytoskeleton (Gordon S, 2016). In a previous interdisciplinary 
collaboration with Helen Byrne in the Mathematical Institute we studied the effect of macrophage 
phagocytosis of latex bead particles on macrophage cell death, efferocytosis (macrophage phagocytosis of 
apoptotic cells) and lipid accumulation (Ford HZ, 2019). We have started to develop mathematical models of 
macrophage phagocytosis of opsonised bacterial particles using live cell imaging techniques to identify rate 
limiting steps in this important aspect of innate immune cell biology. 

Opportunities for extension to a DPhil project 
For students following the GPR84 chemical biology short project there are many opportunities to extend this 
project into identifying GPR84 signalling pathways that enhance macrophage phagocytosis and bacterial 
killing, initially in vitro and later extending into in vivo assays. 

For students following the mathematical modelling short project there are other projects in macrophage cell 
biology that we would like to explore using a combination of mathematical modelling and reporter cell assays 
such as activation of the transcription factor NF-kB and inflammasome activation. 

[487 words] 
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Recio C, Lucy D, Purvis GSD, Iveson P, Zeboudj L, Iqbal AJ, Lin D, O'Callaghan C, Davison L, Griesbach E, 
Russell AJ, Wynne GM, Dib L, Monaco C, Greaves DR. 
Activation of the Immune-Metabolic Receptor GPR84 Enhances Inflammation and Phagocytosis in 
Macrophages.  
Frontiers in Immunol. 2018; 9:1419. doi: 10.3389/fimmu.2018.01419. 
 
Gordon S. 
Phagocytosis: An Immunobiologic Process.  
Immunity. 2016; 44(3):463-475. doi: 10.1016/j.immuni.2016.02.026. 
 
Ford HZ, Zeboudj L, Purvis G, Ten Bokum A, Zarebski AE, Bull JA, Byrne HM, Myerscough MR, Greaves DR.  
Efferocytosis perpetuates substance accumulation inside macrophage populations. 
Proc Biol Sci. 2019; 286(1904):20190730. doi: 10.1098/rspb.2019.0730 
 
 
Supervision and training arrangements (no more than 300 words): [Please provide a brief 
description of the supervision and training arrangements for the project, including the role of all 
named supervisors and mentors, meetings and training available in specific techniques and 
opportunities for peer to peer interactions] 
 
In the GPR84 project overall supervision will be provided by Professor Greaves, for the mathematical 
modelling of macrophage phagocytosis project supervision will be 50% with Helen Byrne and 50% with 
Professor Greaves. Training in key techniques (tissue culture, microscopy, phagocytosis assays, math 
modelling) and hands on practical supervision will be provided by senior postgraduate students. 
 
The project student will attend lab meetings in appropriate groups once a week for the 12 weeks of the project 
and the student will have scheduled 1-to-1 meetings with Prof Greaves, Prof Tang, Dr Rachel Exley in the 
Dunn School and Angela Russell in Chemistry. The project student will have the opportunity to take part and 
present in regular Journal Club meetings. The student will be encouraged to attend appropriate 
undergraduate lectures, seminars, and practical classes alongside regular departmental research seminars. 
 
Graduate students on rotation in the Sir William Dunn School of Pathology are automatically enrolled in the 
Dunn School Graduate Students’ Association (GSA) which organises regular careers seminars, Meet the PI 
sessions and social events - coffee and cake, film nights, Dunn drinks etc. Peer-to-peer interactions are 
strongly encouraged through multiple networking events across all three departments as well as through the 
Interdisciplinary Bioscience DTP. 
 
Reasonable expected outcome of 12-week project: [Briefly explain what a student might 
realistically expect to achieve within 12 weeks] 
 
In the GPR84 project the student will learn how to culture primary macrophages and macrophage reporter cell 
lines, how to perform macrophage phagocytosis experiments using live bacteria (the gentamycin protection 
assay) and how to synthesise and analyse key GPR84 agonists. 
 
In the phagocytosis modelling project, the student will receive training in how to culture primary macrophages 
and macrophage cell lines, how to acquire images by live cell imaging (using the EVOS 384 well microscope) 
and how to analyse resultant datasets (GraphPad Prism and ImageJ). 

mailto:dtpenquiries@biodtp.ox.ac.uk
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Project students will be working directly with senior graduate students who are running experiments that will 
result in manuscripts to be submitted to peer-reviewed scientific journals. At the end of the 12-week projects 
students should have obtained pilot data that can quickly be turned into a full DPhil project. 
 
 
Location: [Identify the department(s) or organisations in which work will be undertaken. Please 
state whether any overseas travel will be required] 
 
The GPR84 short project will involve working in the Dunn School (~75%) and the Department of Chemistry 
(~25%). The phagocytosis project will be based in the Dunn School (~50%) and the Mathematics Institute 
(~50%). There is no requirement for overseas travel or fieldwork. 
 
Timing: [Please state whether there are any restrictions on the timing of projects (e.g. sabbatical 
leave, access to facilities]. Projects will typically start in January and April 
 
Both the GPR84 and the mathematical modelling short projects can start in either January or April. 
 
 
Remote working: [Please indicate whether all or aspects of the project may be suitable for remote 
working] 
 
To learn key techniques from lab members experienced in phagocytosis assays and chemical biology project 
students need to be present in the Dunn School or the Department of Chemistry full time.  
 
While some aspects of mathematical model development might be suitable for remote working, project 
students will benefit greatly from in person training, weekly lab meetings and frequent 1-to-1 discussions with 
supervisors. 
 
Any other specific points: [e.g. time required to learn software, suitable background and skills of 
student, animal handling license required etc] 
 
Full training will be provided in microscopy, biological and chemical biology techniques as well as training in 
commonly used analysis software. An animal licence is not required for the short GPR84 project but would be 
useful if this became the main DPhil project.  
 
Students with a background in biology, chemistry, pharmacology, mathematics, or engineering could all make 
important contributions to this established interdisciplinary research team. 
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For administrative use only (the following pages will not be sent to students): 

 
For University of Oxford based projects: What two letter code should be used to set up a 
consumables subtask on Oracle R12 for spending on this project?  
 
 
Supervision arrangements 
We confirm that the proposed supervisory team includes at least one academic 
member of staff at the University of Oxford or Oxford Brookes University who is 
eligible to supervise a DPhil/PhD student2:   YES 
 
 
We confirm that the current appointment of at least one academic member of the supervisory 
team extends for the duration of the proposed project/DPhil/PhD3:  
  

Project:      YES 
DPhil/PhD: YES 

 
Number of students supervised to completion of DPhil as main supervisor (please 
complete for all named supervisors in order initially listed)4: 
 

Supervisor 1 (Greaves) 16    
Supervisor 2 (Tang)   
Supervisor 3 (Russell) 
Supervisor 4 (Byrne) 

 
 
Number of students supervised as primary supervisor who will be enrolled at the 
University of Oxford or Oxford Brookes University in the academic years 2023/24 and 
2024/25 (Please complete for all named supervisors in the order initially listed): 
 

Supervisor 1 (Greaves) 2.5    
Supervisor 2 (Tang)   

                                                 
2 Please see point 5 in the attached Guidance Notes. Please note that postdoctoral researchers cannot be named as the primary 
supervisor of a DTP short project and that postdoctoral researchers and senior graduate students cannot be asked to mentor more 
than one DTP or DTC student during a rotation period. 
3 If you select NO this does not mean that a student cannot select the short project proposed. However, we will require that the 
supervisory team for any DPhil/PhD project arising from the short project includes an academic whose appointment extends for the 
duration of the DPhil/PhD (i.e. until September 2023). If the primary supervisor’s current contract does not extend for the duration 
of the DPhil we will require confirmation from the relevant head of department that they are willing for the project to proceed to 
DPhil/PhD. 
4 If the primary supervisor for a DPhil/PhD project has not supervised two students to completion of their DPhil/PhD as main 
supervisor, we will require that the DPhil/PhD supervisory team includes a senior academic who has supervised at least two students 
to completion of their DPhil/PhD. This restriction does not apply to short projects. However, supervisors who have not supervised 
two students to completion of their DPhil/PhD as main supervisor can only supervise one student for each rotation period. 
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Supervisor 3 (Russell) 
Supervisor 4 (Byrne) 

 
 
For administrative purposes, please indicate whether you currently hold, or have held BBSRC 
funding by ticking the relevant boxes below. If you have not held BBSRC funding this will not 
preclude you from offering a project. 

☐Research Grant (current) 

☐Research Grant (past) 

☐Studentship (current) 

☐Studentship (past) 

☐Other (please specify) 

 
Supervisor training 
All supervisors are required to have completed the University of Oxford DPhil Supervision (Sciences) 
or an equivalent course prior to taking on a DPhil/PhD student. 
 
We confirm that all members of the academic supervisory team have undertaken the following 
training sessions (all courses are available to University of Oxford staff with a single sign-on login via 
the Centre for Teaching and Learning and the Equality and Diversity Unit): 
 

DPhil supervision at Oxford: online course   YES 
https://www.ctl.ox.ac.uk/online-courses  

 Implicit bias in the workplace: online course  YES 
              https://edu.admin.ox.ac.uk/training  
 Equality and diversity briefing: online course YES 
 https://edu.admin.ox.ac.uk/training  
 
If you are not based at the University of Oxford: 
Please confirm what other training has been undertaken and confirm that you would be willing to 
undertake additional training if requested. 
  
Please state whether you have undertaken any DPhil/PhD supervisor training and provide details: 
 
 
Please state whether you have undertaken Unconscious Bias Training and Equality and Diversity 
Training and provide details: 
 

mailto:dtpenquiries@biodtp.ox.ac.uk
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DPhil/PhD supervision/EDI/Unconscious Bias Training is not available through my/our organisation.  
 
Best practice in supervision* 
We will require all supervisors who agree to supervise a DTP student as primary supervisor for their 
DPhil project to attend a doctoral supervision workshop in the year that students commence their 
DPhil/PhD research. This invitation will be optionally extended to co-supervisors and to all current 
supervisors in subsequent years. Please note that attendance at this workshop is required of both 
experienced and inexperienced supervisors, as experienced supervisors will make an important 
contribution by sharing their experiences and insights, as well as gaining additional insight into 
effective practices and challenges in supervision. If the primary supervisor is based at a non-
university partner institution, the university co-supervisor will also be strongly encouraged to 
attend the first year workshop.  
 
Additionally, we may require supervisors to undertake additional training or to provide information 
on their supervisory practices as required by UKRI-BBSRC or agreed by the DTP directorate. Please 
complete the following statements.  
 
We confirm that we will undertake any training required by the DTP or provide information on 
request if a student chooses to undertake a rotation project or doctoral project in my research 
group:  
 
*Please note that if you are currently the primary supervisor for a DTP student who started their 
studies in 2021 and their substantive DPhil project in 2022 your project proposal will not be 
circulated to students until you have attended a DTC doctoral supervision workshop. We will be 
offering additional workshops, for those who have not yet attended a workshop, in Aug-Sept 2023. 
Potential supervisors who have not yet attended a workshop, but who are interested in offering a 
project are also welcome to attend.  
 
Research environment 

We confirm that the student will have access to the facilities needed to carry out the 
proposed research, including appropriate office/laboratory bench space and access to 
computer facilities: YES 
 
We confirm that all relevant licences and approvals to undertake the proposed work 
are in place5:  YES 
 
Contribution to the DTP 
 

                                                 
5 If you select NO we will seek confirmation that all licences are in place before the project can commence 
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The success of the DTP depends on the ongoing contributions of DTP supervisors not only to 
supervision, but also to other programme activities, such as the assessment of DTP project write-
ups and project proposals, contributions to training and admissions processes, and participation in 
DTP events. The DTP Directorate reserves the right to exclude supervisors who routinely decline 
reasonable requests for assistance, or fail to complete required tasks such as reporting on student 
progress6.  
 
Please confirm that in submitting this proposal you agree to take on the following responsibilities. 

1. To advise, read and comment on the project report and project proposals written by any 
students you supervise in a timely manner. 

2. To report on the progress of the students you supervise at the request of the DTP and on a 
quarterly basis via GSR for students who proceed to DPhil study (GSR registered supervisors 
only).  

3. To read and provide written comments on project reports submitted by DTP students who 
are supervised by other supervisors on request and in a timely manner.  

4. To participate in DTP project proposal assessments. These involve two supervisors with 
relevant expertise reading a student’s project proposal and discussing the proposal with 
them in a meeting that typically takes 45 minutes to 1 hour. Following the meeting the 
assessors are required to provide a joint written report to the DTP, which is shared with the 
student and their supervisors.   

 
Additionally, please confirm that you are willing to take on at least one of the following 
responsibilities if requested: 

1. To participate in DTP admissions panels 
2. To contribute to DTP skills training and mentoring (please note any areas of training where 

you are willing to provide specific expertise, including computational and quantitative skills 
and advanced methods, bioscience for physical scientists, career development, equality, 
equity, diversity and inclusion (EEDI), professional skills and contributing to the organisation 
of challenge-led study groups involving non-academic organisations) 

3. To offer summer internship projects on UKRI-BBSRC relevant research topics for 
undergraduate students from disadvantaged and under-represented backgrounds through 
the University of Oxford’s UNIQ+ programme 

 
 

                                                 
6 The DTP will endeavour to ensure that any requests made are reasonable, and will take into account specific circumstances such as 
sick leave, sabbatical leave or conflicts of interest where relevant.  
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