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NC3Rs strategic award: Imaging Technology Development for the 3Rs 

Call Handbook 

Background 

The use of non-invasive, whole body imaging technologies in basic research and preclinical 

drug development has become commonplace in both academic and industrial settings. The 

potential for these approaches to replace, reduce and refine the use of animals (the 3Rs) is well 

recognised, allowing researchers to substantially reduce their animal use and refine 

experimental endpoints based on the animal’s welfare state. The use of human imaging studies 

may even enable replacement of some animal work. However these technologies still have 

limitations which if overcome could advance science and the 3Rs even further. 

In February 2013, the NC3Rs convened an expert group of imagers from academia and industry 

to explore these limitations and identify opportunities for imaging technology development to 

advance their application in the biosciences and the 3Rs. The group identified eight key 

challenges for technology development: 

 Animal handling and welfare assessment 

 Tracking cell fate and distribution 

 3D gene expression profiling 

 Combining technologies 

 Imaging bioengineered tissues 

 Molecular imaging of biodistribution 

 Improving sensitivity and resolution 

 Phenotyping genetically modified mice 

Exploring the opportunities 

To identify opportunities for addressing these challenges, the NC3Rs hosted a workshop 

bringing together the preclinical imaging community from across sectors and disciplines. The 

workshop, hosted jointly with the Technology Strategy Board-funded Electronics, Sensors and 

Photonics Knowledge Transfer Network (ESP KTN), in central London in June 2013, provided an 

open forum for dialogue and information exchange around approaches for technology 

development to address the challenges listed above; and to prioritise which of the eight 

challenges to include in a strategic funding call. 

Strategic award overview 

To support research and development ideas coming from the workshop, the NC3Rs will 

announce a strategic award in ‘Imaging technology development for the 3Rs’. Under this call the 

NC3Rs is seeking high-quality research proposals to address the challenge themes listed 

above and which are described in greater detail below. 

The NC3Rs Strategic Award Scheme provides funding opportunities in specific research areas 

identified as being strategically important to the Centre's goal of using the 3Rs to support 

science, innovation and animal welfare in the biosciences. The Scheme enables the NC3Rs to 

invest in research identified as priority areas, either because there are particular concerns 

about the number or suffering of animals used or a belief that new thinking may reinvigorate 3Rs 

efforts, and in technologies that may advance the 3Rs.  

The scheme is open to any UK research establishment including Higher Education Institutions, 

Hospital/NHS trusts, Research Council establishments, Charity laboratories and Industry. 
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Applicants must be UK-based researchers who can demonstrate that they will direct the 

proposed research. 

Budget 

The budget for the call is £1 million. 

The challenges 

Not all of the challenges would benefit from funding to support technology development and 

there are other opportunities to address these areas. Those not included in the call will be 

moved forward using other mechanisms. 

1. Tracking cell fate and distribution 

The ability to track cell fate accurately is becoming increasingly important as pharmaceutical 

and biotechnology companies start to focus on cell therapies and regenerative medicine 

products to support traditional chemical and biological drug development pipelines. Current 

strategies for assessing the distribution, engraftment and differentiation of injected cells rely on 

ex vivo histopathological examination. This approach uses large numbers of animals and 

precludes the evaluation and monitoring of these parameters in real time. Molecular and cellular 

imaging approaches offer opportunities for longitudinal identification and tracking of 

transplanted cells. However, these also have their limitations.  

The challenge here is to develop imaging approaches capable of accurately tracking and 

quantifying cells with high spatial resolution over long time courses at the site of injection, 

through migration and at the site of residence in relevant preclinical species. 

What we want: 

 The development and application of novel genetically encodable biosensors designed 

to track cells over their lifetime. The development of genetically encoded near infrared 

probes is particularly appealing because of their ability to probe deep into living tissue. 

 Approaches to improve the spatial resolution of PET and SPECT for application in 

tracking cell fate. This will include improving the stability and retention of probes and 

reducing the doses of radioactivity used with these modalities. 

 Approaches to apply complementary techniques in the development of hybrid 

technologies to better track cell fate and distribution in vivo. 

 Consideration must be given to appropriate work-flow and annotation plans, and data 

management and analysis approaches capable of handling the vast quantities of high 

resolution data likely to be generated.  

What expertise is needed: 

 Imaging; radiochemistry; molecular biology; cell biology; regenerative medicine/cell 

therapy. 

 

 

2. 3D gene expression profiling 

Gene expression profiling is a powerful tool to assess the activity of thousands of genes at 

once, to create a global picture of cellular function at a point in time. A variety of strategies have 

been developed to facilitate this including microarray analysis and in situ hybridisation. 

However these approaches are labour intensive and require large numbers of animals for organ 

harvesting to assess gene expression profiles at each time/treatment point. 
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The challenge here is to develop high throughput, non-invasive 3D imaging technologies with 

high spatial resolution to study gene expression and potentially other endpoints such as viral 

vector distribution, throughout the experimental animals.  

What we want: 

 Development and application of novel molecular imaging approaches capable of 

increasing specificity and throughput levels to less than 10 minutes. Ideally solutions 

will be applicable in a drug discovery/development setting so the technology needs to 

be quick and easy to use. 

 Approaches capable of quantitatively measuring the expression of multiple genes at 

sub-cellular levels.   

 Development of novel near infrared probes to improve imaging deep into living tissue. 

 Development of approaches which are translatable to the clinic. 

 Consideration must be given to appropriate work-flow and annotation plans, and data 

management and analysis approaches capable of handling the vast quantities of high 

resolution data likely to be generated.   

What expertise is needed: 

 Imaging; molecular genetics; computing/mathematics; chemistry;  physics; laser optics. 

 

3. Imaging bioengineered tissues 

Advances in tissue engineering are facilitating the development of thicker and more complex 

biomimetics than has previously been possible, offering great potential as an alternative for 

animals in applied and basic research. However, this poses potential problems in terms of our 

ability to effectively image through these large constructs.  Increased tissue depth and the use 

of scaffolds results in greater light scattering and reduced image resolution. 

The challenge here is to develop innovative imaging approaches to study subcellular processes 

in large multi-cellular, three-dimensional (3D) tissue constructs with minimal photodamage, fast 

acquisition speeds and with high spatial resolution.  

What we want: 

 The development of novel and/or label free approaches to image cells and extracellular 

scaffolds/matrices over days/weeks at depth and high resolution.  

 The development of smart reporter scaffolds incorporating sensors capable of 

measuring, for example, mechanical, chemical or electrical changes in bioengineered 

tissue constructs.  

 The application of non-invasive/non-destructive imaging technologies to characterize 

bioengineered tissues and subcellular processes concurrently. 

 The development of approaches to decrease the opacity of tissue constructs and 

improve the degree to which light can travel through the bioengineered material, 

without affecting cellular processes and functionality. 

 Consideration must be given to appropriate work-flow and annotation plans, and data 

management and analysis approaches capable of handling the vast quantities of high 

resolution data likely to be generated. 
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What expertise is needed: 

 Imaging; electrical engineers; additive manufacturing; physics; chemistry; 

biologists/early stage clinicians; mechanical engineers; computing/mathematics; 

materials scientists. 

 

4. Molecular imaging of biodistribution 

In drug development and basic research it is important to understand the biodistribution of 

many different molecules, including macromolecules (e.g. antibodies). Better understanding of 

the biodistribution of antibodies and oligonucleotides early in development will potentially 

improve efficacy, detection of toxicity and reduce drug attrition. This is increasingly important 

as the proportion of biological drugs in development continues to grow. Currently, there are no 

routinely available techniques to allow whole body distribution of many of these molecules to be 

measured over a longitudinal timeframe of several days within a single animal. 

The challenge here is to develop a sensitive, non-invasive imaging approach to accurately 

detect and quantify the distribution of a range of macromolecules in a variety of tissues. 

What we want: 

 The development of a rapid yet sensitive, non-invasive imaging modality through the 

combination of existing or development of new techniques, to define biodistribution of 

macromolecules in vivo and enable better predictions of efficacy. 

 The approach would ideally suit whole body fluorescence imaging approaches for its 

speed and ease of use but readouts need to be made in non-nude/shaved rodents up to 

500g in weight. 

 It is likely that photoacoustic imaging offers the most dynamic approach to solve this 

challenge. However, specific advances would need to be made to image the lung as well 

as in probe design so they are stable (i.e. have a long half-life) and small enough not to 

affect biodistribution. 

 Consideration must be given to appropriate work-flow and annotation plans, and data 

management and analysis approaches capable of handling the vast quantities of high 

resolution data likely to be generated.  

What expertise is needed: 

 Imaging; equipment manufacturing; chemistry; biology; software development. 

 

5. Improving sensitivity and spatial resolution  

Enhancing the information from current imaging approaches requires improved sensitivity and 

resolution across modalities. Poor resolution and sensitivity can be a consequence of many 

factors including scattering or uncertainty of source, tissue movement (e.g. with breathing or 

cardiac activity) and high background or non-specific signal.  

Multiple approaches could be taken to meet this challenge including (activatable) probes to limit 

background signal and co-registering highly specific signals with high resolution structural data 

to enhance the effective resolution and localization. Ideally, features could be incorporated 

together as in potential multimodal/hybrid reporter groups that allow simultaneous visualization 

based on, for example, fluorescence, radioactivity and magnetic resonance reporters used in 

the context of multimodal detectors. The opportunity for repeated observation can aid both in 

understanding the dynamics of processes and also in enhancing signal detection. However, this 

adds to reporter group demands as well as to those on the sensor system and its interface with 

the object imaged. Increasing the length of imaging studies will mean that probes must be 
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stable and must resist processes which quench or suppress their signal. Sensors must also be 

able to accommodate animal subjects for prolonged periods while maintaining a stable 

physiological state and welfare. 

What we want: 

Approaches to improve probe design across modalities including: 

 The development and application of improved and cost effective cryogenic coil 

approaches for application in MRI to achieve higher spatial or temporal resolution or 

shorter scan times. 

 

 The development of probes with longer half-lives, reduced light scattering and which 

are small enough for optimal tissue penetration and improved depth of tissue imaging. 

 

 Applications should include the development of approaches for improved quality 

assurance and standardisation, for example, the development of more predictive 

phantoms and the standardisation of protocols across centres. 

 

 Consideration must be given to appropriate work-flow and annotation plans, and data 

management and analysis approaches capable of handling the vast quantities of high 

resolution data likely to be generated. 

What expertise is needed: 

 Imaging; physics; chemistry; computing/software development. 

 

6. Phenotyping genetically modified mice 

The generation and phenotypic analysis of genetically modified mice has been increasing at 

incredible pace around the world. The International Mouse Phenotyping Consortium (IMPC) 

brings together a number of global institutions with the aim of producing and phenotyping lines 

for the 20,000 known and predicted mouse genes. This is an enormous task requiring millions 

of animals. Efforts are being made to standardize phenotypic analysis pipelines and 

opportunities may exist within this for advanced imaging approaches to reduce animal use and 

streamline processes.  

The challenge here is to develop imaging technologies for higher throughput phenotyping of 

genetically modified animals. The technology needs to be simple to use with advanced 

computational techniques for quantitative phenotypic feature detection and should be 

applicable across mouse genetics centres globally. 

What we want: 

A rapid yet sensitive, non-invasive imaging modality, through the combination of existing or 

development of new techniques, to quantitatively assess phenotypic changes in whole animals. 

 The technology development needs to be driven by the problem, i.e. linking phenotype 

with target identification, target validation, early safety prediction and toxicity 

screening. 

 The technique needs to be simple to use, should maximise the throughput of imaging 

and be easily applied across centres. 

 Applications must consider how animals are presented to the imaging approach and the 

potential impact this may have on their welfare. 
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 Consideration must be given to appropriate work-flow and annotation plans, and data 

management and analysis approaches capable of handling the vast quantities of high 

resolution data likely to be generated. 

What expertise is needed: 

 Imaging; chemistry; biologists; phenotyping; computing/mathematics; materials 

scientists. 

Timelines 

Launch call 2 August 2013 

Expression of interest deadline 20 September 2013 

Deadline for applications 16 October 2013 

Panel meeting March 2014 

 


