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2 – Project Description 

Academic Excellence 
(500 words) 

Despite significant advances in diagnosis and treatment, cancer 
represents the second most important cause of death and 
morbidity in Europe, with more than 3.7 million new cases and 
1.9 million deaths each year.  Moreover, although cancer can 
occur at any age, it is much more common in older people and 
the risk of developing cancer increases significantly over the 
age of 50.  
 
The causes of cancer are multi-factorial and the most common 
treatments include combinations of surgery, radiotherapy and 
chemotherapy. Acquired drug resistance and acute side effects 
are the major drawbacks of chemotherapy. Similarly, 
radiotherapy also results in significant side effects and damage 
to surrounding tissues. These problems have led researchers to 
investigate the targeting of chemotherapy drugs or compounds 
capable of absorbing X-rays (known as radiosensitisers) to 
cancer cells with the aim of increasing the effectiveness of the 
therapeutic agent and reducing its side effects.  
 
Nanotechnology, the study and application of materials at 
atomic and molecular scales, offers exciting opportunities to 
transform the diagnosis and treatment of cancer through 
innovative therapeutic application of nanomaterials. 
Triphenylphosphonium (TPP) cations are known to be 
preferentially accumulated by the mitochondria of cancer cells 
and research at SHU and the OU has demonstrated that 
attachment of TPP-groups to gold nanoparticles (AuNPs) 
facilitates their selective accumulation into cancer cells (SHU) 
and selective toxicity towards cancer cells (OU). Thus, acute 3 hr 
exposure of HSC3 human oral squamous cell carcinoma cells to 
30 g/ml TPP-AuNPs resulted in over 90% death in clonogenic 
assays, while identical treatment of normal human HaCaT 
keratinocytes resulted in no toxicity. At the OU, X-ray irradiation 
of 10g/ml TPP-AuNP-exposed HSC3 cells demonstrated weak 
radiosensitisation, with increased selectivity for cancer cells. 
 
Multiscale molecular dynamics simulations at the OU revealed 
that lowering the ligand density on AuNPs, to a point where 
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water molecules can freely diffuse to the AuNP surface, 
substantially improves radiosensitisation [Haume 2018 DOI: 
10.1140/epjd/e2018-90050-x]. Therefore, in this Nano4CaRE 
application, we will determine the optimum TPP density of 
these promising anti-cancer AuNPs to yield a powerful cancer-
selective chemo-radiosensitiser.  
 
Despite recent advances in cell biology, the effectiveness of 
most nanoparticle-based cancer therapies are determined in 
2D cell culture models. However, in a living organism the 
cellular environment is a 3D system. Consequently, there is 
growing interest in investigating the interaction of nanoparticles 
with 3D in vitro models. As part of a separate project, Dr Cross 
has developed 3D cancer models that can be used to assess 
several parameters of nanoparticle cancer therapeutics. 
Inclusion of immune cells in this model would improve its 
resemblance to in vivo tumours, which interact with immune 
cells to prevent immune surveillance and destruction of the 
tumour.  
 
Dr Leyland brings expertise of immunotherapies for cancer and 
is currently investigating the immuno-inhibitory mechanisms of 
cancer and co-cultures of immune cells and cancer cells, which 
will be combined with Cross's model. The behaviour of 
nanoparticle-based cancer therapeutics and radiosensitisers 
under these more realistic conditions has never been explored 
previously and represents a major advantage of this project.  
  

Aim (400 words) 
 

Hypotheses 
• TPP-functionalisation will promote the uptake of 

nanoparticles by cancer cells. 
• Radiosensitisation will be improved by varying the size and 

ligand density of the TPP-nanoparticles. 
• 3D cancer cell cultures, incorporating immune cells, will allow 

us to more realistically model in vivo tumour responses to 
nanoparticle uptake and radiosensitisation. 

 
The project will focus on three key cancers: 

• Prostate cancer 
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• Glioblastomer (brain cancer) 
• Non-small cell Lung cancer 

 
All three of these cancers are common with increasing 
prevalence in older patients.  
 
Furthermore, we have established 3D models (alginate) 
working for prostate (pc3 and LnCap) and also for u87-mg 
(glioblastoma) and also five  established  non-small cell lung 
cancer cell lines including two primary lung cancer lines 
commercialised by Bio-IVT. 
 
Methodology  
There will be three integrated workstreams: 
 
1. Preparation of nanoparticles (NP). Our research to-date has 
focussed on TPP-AuNPs with a diameter of 3.5nm. We propose 
to prepare larger AuNPs that contain fewer TPP groups since 
evidence suggests that the size of the nanoparticle and density 
of the TPP critically affects the rate of uptake and their 
effectiveness as radiosensitisers.  
 
In parallel, we will also investigate a relatively new class of 
nanoparticles that radiosensitise independent of ligand density. 
These are formed from scintillators, such as ZnS and CaF2, 
functionalised with photosensitisers. X-ray irradiation results in 
the emission of blue/green photons that efficiently transfer 
energy to the photosensitiser which generates highly toxic 
singlet oxygen radicals. We would seek to improve the cancer 
targeting and uptake of this nanoplatform by additionally 
incorporating TPP. Moreover, because this class of nanoparticle 
are naturally fluorescent, they would be easy to track in the 3D 
culture model as a potential theranostic pharmaceutical. 
 
2. Investigate the interaction of the TPP-NPs with the 3D cell 
model. The pharmacokinetics of nanoparticle uptake and loss 
from cells will be investigated in order to identify the optimum 
dose-toxicity parameters and in X-ray experiments to identify 
the optimum drug-to-irradiation interval. We will use 2 
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established 3D cell culture models, namely the Alginate 
spheroid assay, and the OrganDot platform developed with 
industrial collaborators at Bio-IVT. Both of these models have 
been successfully adapted for co-culture studies with cancer 
associated fibroblasts. In this study, we will focus on tumour-
associated macrophages (TAMs), which are known to attenuate 
radiotherapy responses. 
 
3. Radiotherapy Studies. We will compare 2D and 3D cell 
cultures treated with TPP-NPs and determine dose 
enhancement factors following X-ray at clinically relevant doses. 
Radiosensitising nanoparticle treatments will be repeated with 
TAMs and surviving tumour fraction evaluated Confocal 
microscopy with function-reporting probes will be used to 
determine the mode of cell death and the extent of 
mitochondrial damage. 

 
Innovations 
• Optimised, cancer-selective, chemo-radiotherapeutic TPP-

AuNPs  
• Mixed TPP-/phthalocyanine NPs 
• Use of an immune-competent or tumour micro-

environment-relevant 3D cell culture model to assess 
effectiveness of TPP-NPs 

 

Strategic Relevance 
(300 words) 

The project fits very clearly within the remit of the DTA Applied 
Biosciences for Health theme of ‘understand and promote 
healthy ageing’ and addresses research questions related to 
human disease (cancer), rehabilitation (radiotherapy), and 
technology development (nanotechnology). 
 
Cancer represents the second biggest cause of death in 
Europe, (1.9M deaths, >3.7M new cases per-annum).  Although 
cancer can occur at any age, it is more common in older people 
and the risk of developing cancer increases significantly over 
the age of 50. Radiotherapy is one of the primary treatments for 
cancer and technologies that can improve this therapy and 
reduce the side effects would have a significant impact on 
cancer care management. 
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Experimental radiotherapy is a strategic priority for Weston Park 
Hospital and University of Sheffield, which is jointly applying for 
CR-UK Radiation Research Network (RadNet) Centre of 
Excellence status. SHU (Cross) has submitted a letter of support 
for this RadNet bid in relation to chemotherapy- and 
nanoparticle-based  radiosensitisation approaches. 
 
Moreover, the project fits well with SHU/DTA3/UKRI/EU 
priorities around healthcare technology and offers significant 
opportunity for collaboration between the principal UA partners 
(SHU and OU) and also the two sites where radiotherapy studies 
will be performed. These are GenesisCare Milton Keynes, where 
the OU uses clinical megavoltage X-rays for research, and 
University of Sheffield (Department of Biological Services), 
which has a dedicated non-clinical megavoltage X-ray facility for 
cell research and animal studies experiments. 
 

Interdisciplinarity and 
fit with DTA3 

A unique feature of this project is the complementary expertise 
of the team; Bricklebank (materials chemistry, nanotechnology), 
Cross (cancer biology, 3D cell culture), Leyland (immunology 
and cancer biology) and Golding (cancer biology, radiotherapy, 
photodynamic therapy, nanotechnology). 
 
The research fits with the Applied Biosciences for Health DTA 
and its theme ‘understand and promote healthy ageing’ 
specifically by developing new technologies for treating cancer 
and understanding the biological processes of the treatment. 
 

Industrial Relevance 
(300 words) 
 

An exciting aspect of this project is the opportunity for the 
student to complete collaborative research experiences with a 
number of partners.  
 
We envisage that the student will undertake aspects of the 
research programme, such as radiosensitisation studies, at the 
OU in Milton Keynes in conjunction with Dr Golding., with the 
student spending several weeks at the OU each year of the 
project. 
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Radiotherapy work will be completed in collaboration with 
clinical units at GenesisCare in Milton Keynes and University of 
Sheffield.  
 
Dr Cross has validated the Tumour OrganDot® platform 
against SHU's 'in house' 3D clonal growth assay (Alginate-based 
assay) in collaboration with industrial partners Bio-IVT (formerly 
Asterand) who are keen for SHU to apply the OrganDot® 
platform to radiosensitisation studies. Notably, our data (with 
Bio-IVT) show that OrganDot® is very amenable to co-culture 
studies, and Bio-IVT are willing to continue collaboration on this 
platform and to support the project with recent technical 
developments of the model and sharing of industrial 'know-
how'. 
 
The project team will also seek a placement opportunity within 
the EU. Dr Golding was Co-I on the EU Framework 7 grant 
PEOPLE-2013-ITN ARGENT- Advanced Radiotherapy, 
Generated by Exploiting Nanoprocesses and 
Technologies http://itn-argent.eu (2014-2017). He maintains 
active research links with nanoparticle experts in Belfast, Lisbon, 
Frankfurt, Gdansk and Paris. These facilities and experts will be 
used in this research project to provide the student with an 
international placement opportunity. 
 

Economic and 
Societal Impact (300 
words) 

Economic Impact 
The applicants have a track record in producing commercial 
outputs from their research. Should this project generate data 
that may be patentable IP, we will work with the Research and 
Innovation Office to protect this before working with 
commercial organisations. Dr Golding holds existing 
nanoparticle patents and has research links with nanoparticle 
pharmaceutical companies that could become involved with 
GMP manufacture and testing of these nanoparticles, after 
appropriate IP and contractual discussions. 
 
Societal Impact 
The development of innovative approaches for the delivery of 
nanoparticles to cancer cells is a hugely important area that can 

http://itn-argent.eu/


 

 

 
DTA3/COFUND Programme Research Project Proforma 

 
 

 

 
This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Skłodowska-Curie grant agreement No 801604. 

 

contribute to the future wellbeing of cancer sufferers through 
the development of improved therapeutic approaches. 
Translating innovative approaches to an in vivo situation is 
necessary, but problematic due to poor translation from 
standard cell culture studies to pre-clinical studies in mice. The 
Nc3Rs (National centre for reduction, refinement and 
replacement of animals in research) agenda of improving in 
vitro testing to reduce unnecessary animal research until in vitro 
data is sufficiently robust is central to this project. Developing 
these improved in vitro tumour models is the focus of Dr Cross' 
research group. 
 
The BMRC has a strong reputation for its outreach and public 
engagement work and the outcomes of this project would be 
promoted at these events. Furthermore, the OU is the largest 
academic institution in the UK and has wide links to many media 
outlets, such as the BBC, and international teaching platforms 
(FutureLearn, iTunesU). These outlets will be exploited to bring 
the research to the attention of the general public. 
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3 – Admission Requirements 

 

Specific Admission 
Requirements 
 

Student must have a first class degree, preferably MSci/MChem 
or MSc, in a scientific discipline (e.g. Biochemistry, Chemistry or 
Biomedical Sciences). Experience of project working in a 
laboratory environment (e.g. through a placement) would be 
advantageous. 

Minimum IELTS score 6.5 

 

 


