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The Institute of Cancer Research  

PHD STUDENTSHIP PROJECT PROPOSAL:  

PROJECT DETAILS 

Project Title: Enhancement of radiation induced cell death using ultrasound 
stimulated microbubbles 

SUPERVISORY TEAM  

Primary Supervisor(s): Emma Harris 

Associate Supervisor(s):  
Carol Box, Kevin Harrington, John Civale 

Backup Supervisor:  

(must have IRS status) 
Jeff Bamber 
 

Lead contact person for the project: Emma Harris 

DIVISIONAL AFFILIATION  

Primary Division:  Radiotherapy and Imaging 

Primary Team:  Imaging for Radiotherapy Adaptation 

Other Division (if applicable): Biology 

Other Team (if applicable)): This work will also be carried out in close collaboration 
with Prof Jessica Downs, Epigenetics and Genome 
Stability Team and Gail ter Haar, Therapeutic Ultrasound 
Team.  

PROJECT PROPOSAL 

BACKGROUND TO THE PROJECT  

Conventional radiotherapy is delivered in 25 to 40 daily doses (fractions) of two Gy. Compelling evidence supports 
the use of extremely hypofractioned stereotactic body radiotherapy (SBRT) delivered in five fractions or fewer of 
more than six Gy and has been successfully tested in both primary and oligometastatic settings in many tumour 
types (Folkert et al. 2017).  SBRT has definitive societal and patient benefit; significantly fewer hospital visits 
increases patient comfort and reduces healthcare costs.   
 
The tumour control mechanism for SBRT’s “ablative” doses is widely debated (Brown and Koong 2008). Clinical 
evidence supports the destruction of the tumour vasculature leading to tumour cell death, however, the ensuing 
ischemia results in hypoxia, a contributing factor to radioresistance. New preclinical evidence supports a DNA 
damage repair inhibitory role for acute ischemia/reperfusion, occurring after a vasoconstrictive response to doses 
of greater than 10 Gy and links acid sphingomyelinase (ASMase) mediated ceramide production and subsequent 
downstream stress responses to acute ischemia/reperfusion injury (Bodo et al. 2019).  
 
The adoption of SBRT in tumour sites adjacent to radiosensitive tissues (e.g., head and neck tissues) has been 
limited because high doses cannot be safely delivered. Mechanical radiosensitisation techniques are attractive 
because their effects are localised. Microbubbles (ultrasound contrast agent) injected into the vasculature 
cavitate when exposed to ultrasound causing capillary wall rupture, cell sonoporation (perforation of the cell 
membrane) and endothelial cell death.  Extensive preclinical evidence supports the use of ultrasound stimulated 
microbubbles (USMB) as an adjunct therapy administered prior to radiotherapy with equivalent cell death and 
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tumour growth delay at lower doses (2 to 6 Gy) compared to high dose radiation alone (> 8 Gy) (El-Kaffas et al. 
2018a). Increased cell death was attributed to mechano-acoustic activation of the ASMase-mediated ceramide 
pathway resulting in rapid downstream apoptosis of endothelial cells (El-Kaffas et al. 2018b). USMB is also known 
to be vasoconstrictive (Roos et al. 2016), providing a potential alternative mechanism of action leading to cell 
death, supported by Bodo et al. (2019). Furthermore, there is evidence to suggest that ultrasound and 
microbubbles (or nanobubbles) promote immune cell infiltration (Susuki et al. 2015), however, although USMB 
were shown to improve the efficacy of checkpoint inhibitors, an immune response was not attributable to USMB 
(Bulner et al. 2018)  
 
Further exploration of the mechanism of action and optimisation of USMB is needed to exploit this promising 
localised radiosensitisation technique, which is ultrasound guided and ultrasound targeted.  

 

PROJECT AIMS  

 To design and demonstrate suitable in vitro techniques to understand the mechanism of action of 
ultrasound and microbubbles (USMB) on endothelial cells. 

 To assess the response of tumours to USMB and RT and to understand the mechanism of action of USMB 
on tumours through the design and execution of suitable in vivo techniques.  

 To optimise USMB exposures, radiation dose and schedules for maximum tumour control.  

RESEARCH PROPOSAL  

Months 1 to 18: In vitro assessment of the mechanism of action of ultrasound stimulated microbubbles (USMB) 
combined with radiotherapy on endothelial cells. 

Building on previous ICR experience of USMB-mediated gene transfection of cancer cells, the student will use 
existing apparatus to expose endothelial cells (HUVECs and TIME®, an hTERT-immortalized endothelial cell line) to 
USMB and radiation. See Figure 1a.  USMB and radiation (RT) treatments will be fully characterised (e.g., acoustic 
pressure, radiation dose, exposure time, microbubble concentration) and the additive (or possibly multiplicative) 
effect of USMB on DNA damage, endothelial cell survival and functionality will be quantified using, for example, 

H2AX staining, clonogenic, apoptosis and tubule formation assays. 

To study the underlying molecular mechanisms, we are in the process of optimising an assay for ceramide 
production in endothelial cells. The student will use commercially available assays to quantify intracellular and 
extracellular reactive oxygen species (ROS), including superoxide, a precursor to vasoconstriction (Bodo et al. 2019) 
and detected after cell sonoporation (perforation of cell membrane) by USMB (Jia et al. 2018). See Figure 1b. 
Methodologies and cell response will be tested using negative and positive controls such as sphingosine-1-
phosphate (counteracts ceramide by promoting AKT-driven cell survival), monensin (ASMase inhibitor), fumonisin 

B (ceramide synthase inhibitor) and exogenous ceramide, as well as an endogenous ROS generator, TNF-.  

Evidence to support a role for ceramide signalling and ROS generation in therapy-induced stress responses in 
endothelial cells is clear (Jacobi et al. 2017) however indirect effects on tumour cell signalling have not been 
reported. As secretion of endothelial ASMase into cell culture medium has been described previously (van Hell et 
al. 2017) the student will perform medium transfer experiments and use tumour-endothelial cell co-cultures (head 
and neck cancer cell lines: LICR-LON-HN5, CALR and Detroit 562) to investigate the hypothesis that endothelial cell 
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ASMase-ceramide signalling in response to USMB and RT can indirectly contribute to tumour cell death. Depending 
on the results obtained, gene knockdown techniques, such as RNAi or CRISPR, will be used in immortalized 
endothelial cells to confirm roles of ceramide and ASMase following therapy of tumour co-cultures. 

The conjugation of microbubbles media to targeting molecules such as peptides or antibodies has shown promise 
for imaging angiogenesis. Preclinical studies have shown that VEGFR-2 and αvβ3-integrin-targeted microbubbles 

designed for imaging angiogenesis (see Figure 1c.) can be used to characterise tumour response to antiangiogenic 
therapies and to RT (Palmowski et al. 2009) and safety has been established in a Phase I clinical trial. Targeted 
microbubbles adhere to the endothelium accumulating with each passage through the blood circulatory system. 
Consequently, a greater number of microbubbles are retained in the tumour for a greater period of time. In 
addition, the biomechanical effect of USMB increases with decreasing distance between the microbubbles and 
endothelium, targeted microbubbles are designed to be in direct contact with the endothelium and, therefore, are 
expected to exert maximum shear force on the vessel wall. We hypothesis that bubbles which have adhered to the 
endothelium may invoke greater oxidative stress and ROS generation leading to vasoconstriction, or enhanced 
mechano-acoustic induced vascular disruption. The student will explore the combination of targeted microbubbles 
and RT and compare the effect to conventional microbubble USMB+RT.  

Novelty: No previous study has tested the effect of USMB on endothelial cells in co-culture with tumour cells. No 
studies have studied the effect of targeted microbubbles on endothelial cells in vitro.  This project will be the first 
to test targeted USMB+RT.  
Skill development: physics of ultrasound, microbubbles and radiotherapy; radiobiology; endothelial and tumour cell 
culture; microscopy; biological and biochemical assays; clonogenic survival assays. During this time, the student will 
acquire their home office license and develop necessary in vivo techniques for the next stage of this studentship.  
Output: Publication/conference presentations: The response on co-cultures of endothelial and cancer cells to USMB 
and RT using conventional and targeted microbubbles.  
 

Months 19 to 28: To assess the response of tumours to USMB and RT and to understand the mechanism of action 
of USMB on tumours through the design and execution of suitable in vivo techniques.  

USMB and radiotherapy, delivered using the small animal radiation research platform (SARRP), will be tested in 
vivo, initially in subcutaneous tumours (LICR-LON-HN5/ CALR/Detroit 562 whose radioresponses have previously 
been characterised in-house) in nude mice. The student will design and build the apparatus for in vivo USMB, 
building on their in vitro experience. Tumours will be treated with USMB, RT, USMB + RT or no therapy. We will test 
the effect of USMB using conventional microbubbles and VEGFR2 targeted microbubbles. We have selected VEGFR2 
targeted microbubbles as these have been successfully tested in man and, therefore, have greater potential for 
clinical translation. The antitumour effect will be determined by using tumour growth delay compared to controls, 
and/or tumour regression.  
 
To characterise acute and chronic ischemic responses, the student will employ multi-spectral optoacoustic 
tomography (MSOT) at relevant time points post therapy (e.g., 30 minutes, 2 hours, 24 hours and 72 hours, 1 week) 
to measure blood oxygen saturation and map its spatial distribution in three dimensions. We will also employ 
dynamic contrast enhanced ultrasound imaging to determine the effect on tumour perfusion and blood volume. 
The student will use histopathology to examine the effect on the microvasculature and hypoxia (e.g., CD31, 
pimonidazole) and use established assays (e.g. DCFDA staining) to measure ROS generation. Tumour cell death 
(apoptosis) will be assessed using standard immunohistochemical (IHC) stains (e.g., TUNEL and activated caspase 
3). The student will investigate the relationship between ischemia/reperfusion injury (and subsequent 

vasoconstriction) induced stress response and DNA damage using IHC staining for double strand break foci (H2AX). 
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The effect of USMB will be measured in combination with different single and multiple doses of RT (e.g., 2 Gy, 6 Gy, 
8 Gy and 12 Gy).   
 
Using immunocompetent models of malignancy (Harrington Lab) the student will also investigate the immune 
response to USMB and test the recruitment of tumour infiltrating lymphocytes (TILs) using IHC and flow cytometric 
analyses post USMB and RT and USMB+RT.  The student will test the hypothesis that USMB + RT results in an 
increase in e.g., the influx of CD8+ T cells (Susuki et al. 2015), compared to RT alone. Depending on the findings of 
the above studies, the student will determine the effect of adding a drug, to further augment the antitumour 
response. For example, the Harrington Lab have experience with Ataxia telangiectasia and Rad3-related protein 
(ATR) inhibitors that block DNA Damage Response (DDR) and also elicit an immune response (Dillion et al. 2019), 
acting as an effective radiosensitizer.   
 
Novelty: This will be the first study of the potential for USMB to cause ischemic/reperfusion injury and subsequent 
DNA damage unrepair. No study has previously studied the effect of USMB, RT and an ATR inhibitor, nor has 
targeted microbubbles been previously tested for USMB.  
Skill development: in vivo techniques; IHC, histology; knowledge of antitumour immune response;  
Output: Publication/conference presentations: The effect and dominant tumour control mechanism of USMB+RT, 
comparison of targeted and conventional microbubbles in vivo.  
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Months 29 to 40: To optimise USMB exposures, radiation dose and drug schedules for maximum tumour control. 

The large number of treatment parameters (acoustic pressure, schedule, time, frequency, type of USMB, radiation 
dose etc.) optimisation of USMB+RT and USMB+RT +drug is not practical in vivo, for both conventional and targeted 
microbubbles. The in vitro apparatus not only allows the student to understand the mechanisms of action but also 
to optimise the treatments.  Using a series of in vitro and in vivo experiments the USMB+RT therapies will be 
optimised for tumour control. We will also explore treating part of the tumour with USMB to quantify the spatial 
precision with which USMB can be delivered by mapping (in 3D) vascular damage and resulting tumour cell death. 
Using acoustic gels which mimic the acoustic attenuation and scatter of tissue, we will determine the effect of 
tumour depth on the spatial precision and effect of USMB.   
Output: Publications: Optimised USMB treatments, spatial precision of USMB and pathways to clinical translation.  
 

Months 41 to 48: Write up thesis, assist with funding applications and publish journal articles.  
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CANDIDATE PROFILE 

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1) 

Pre-requisite qualifications of applicants: 

e.g. BSc or equivalent in specific subject 
area(s) 

Biophysics or bioengineering or biology 
(This is a multidisciplinary project which is supported by 
supervisors with physics and biology expertise and therefore 
students from either the physical or biological sciences are 
encouraged to apply.) 

Intended learning outcomes: 
 

 Radiation biology and physics 

 Cancer and endothelial cell biology 

 Ultrasound physics 

 Mechano-acoustic effects of USMB 
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 Cancer imaging 

 In vivo techniques 

 Communication: Writing/grants/presentations 

ADVERTISING DETAILS 

Project suitable for a student with a background 
in: 

 

 Biological Sciences 

Physics or Engineering 

 Chemistry 

 Maths, Statistics or Epidemiology 

 Computer Science 

 Other (provide details) 
Keywords: 

 
1. radiobiology 

2. ultrasound 

3. cancer imaging 

4. cancer biology 

5. physics 

6. bioengineering 

 


