
 

 

Deep phenotyping of Crohn's patients using a precision imaging approach to 

identify drivers and stratify risk of wasting and myosteatosis 

 

Supervisor: Dr Matthew Brook (School of Medicine) 

Co-Supervisor(s): Professor Penny Gowland (School of Physics and Astronomy), Professor Paul 

Greenhaff (School of Medicine), and Clinical Associate Professor Gordon Moran (School of Medicine) 

Theme: Physiological and metabolic imaging 

 

Project description: Up to 75% of hospitalized Crohn’s disease (CD) patients are malnourished and 

as many as 50% are in negative nitrogen balance(1), but variations in muscle mass and quality in this 

group is poorly characterised as are the drivers of such pathophysiology. Importantly however these 

variables are likely to impact significantly upon patient quality of life and the trajectory of decline with 

age.  The acute inflammatory response as measured through C-reactive protein (CRP) is high in 

wasted CD patients (2), furthermore 41.6% of these patients require surgery(3) indicating that a 

chronic inflammatory insult may be linked to muscle mass depletion. To this effect, 60% of adult CD 

patients still have clinical evidence of low muscle mass even when in clinical remission (4) indicating 

the poorly reversible nature of this chronic phenomenon (see graphic).   

Maintaining skeletal muscle mass is a tightly regulated process controlled by the fine balance 

between muscle protein synthesis and muscle protein breakdown, and adult patients with active CD 

show a significant decrease in expression of hypertrophy signalling with no apparent change in the 

expression of atrophy signalling(5). This latter observation is in keeping with the concept of ‘anabolic 

resistance’, i.e. the blunting of the stimulatory effect of protein nutrition and/or exercise on muscle 



protein synthesis, which is thought to be a main driver for muscle mass loss in ageing and 

inflammatory states, such as critical illness, and possibly CD. In parallel with muscle mass loss is the 

development of myosteatosis, i.e. the accumulation of intra and extra-myocellular lipid.  It is not 

known whether this is directly linked to the concurrent loss of muscle mass in ageing and chronic 

disease progression or simply reflects reduced physical activity levels, but it is known to be 

associated with exacerbated anabolic resistance of muscle protein synthesis(6).  

Published research using stable isotope approaches to directly measure muscle protein turnover has 

shown negative protein balance in children(7), but not adults(8), with active CD. Our pilot data have 

confirmed negative skeletal muscle protein balance in children with CD(9). We hypothesise therefore 

that a chronic inflammatory burden in relatively young patients, rather than an acute inflammatory 

insult in adulthood, will be pivotal in the accentuation of muscle loss and myosteatosis in CD. 

Accurate quantification of whole-body muscle mass and intra-myocellular vs extra-myocellular lipid 

content in people has to date limited research progression. However, these methodologies are 

currently being validated at UoN against robust stable-isotope tracer and insulin clamp methodologies 

in healthy people by the applicants. We propose that the student should utilise these powerful imaging 

approaches to deeply phenotype CD patients to understand better the extent of muscle wasting and 

myosteatosis in these patients and hopefully stratify patients in terms of burden so as to gain greater 

insight of the drivers of pathophysiology in this patient group. This will also highlight those patients 

most likely to benefit from countermeasure intervention. 

 

The student will also investigate some potential novel markers of muscle function including 

magnetization transfer, APT-CEST (related to mobile amide groups) and glycogen-CEST. These are 

currently being evaluated at 7T but have been used in a few studies in the liver at 3T, and will be 

piloted in this studentship. The student will be involved in setting up these measurements based on a 

spectroscopy readout for increased sensitivity. 

 

The student would recruit young (16-25 years, n=20) and older (55-75 years, n=20) male CD patient 

cohorts with newly diagnosed (<6 months, n=10) or persistent disease activity (no periods of 

remission over 12 months, n=10) with a long disease duration (>5 years)(10). CD activity will be 

defined as a high CRP (>5g/dl) or a high faecal calprotectin (>250ug/g)(11) or as indicated through 

endoscopy or cross sectional imaging within 3 months of recruitment. Findings in the CD cohorts will 

be compared to an age-, BMI and gender-matched healthy volunteer cohort (n=10). CD patients will 

be recruited from the Inflammatory Bowel Disease Clinics at Nottingham University Hospitals under 

the supervision of Dr G Moran. We will determine: 

1. Whole body/regional muscle and fat masses using 3T MRI. 

2. Quadriceps muscle intra and extra-myocellulalar lipid content using 3T MRS. 

3. Pilot data on magnetization transfer, APT-CEST and glyco-CEST will also be obtained and 

compared to biopsy results.  

4. Habitual physical activity levels (1 week recording using tri-axial accelerometry). 

5. Chronic muscle protein synthesis (over days) using a “heavy-water” stable-isotope approach 

which requires volunteers to consume a drink (12), i.e. no laboratory based stable isotope 

tracer infusions. 

6. Glucose disposal using an intravenous glucose tolerance test.  

7. Muscle biopsies from the vastus lateralis muscle will be used to quantify “heavy-water” 

incorporation (see point 3). Muscle samples will also be used to quantify gene expression via 

low density RT-PCR array cards (transcripts encoding key proteins involved in the regulation 

of muscle fuel and protein metabolism pathways) to provide further mechanistic insight linking 

any perturbations in metabolism to phenotype(13). Key findings will be followed up by protein 

level measurements using Western blotting.  

Preliminary local published and unpublished data across all age groups (12-66 years) show a deficit 

in appendicular lean mass of 3-18% in CD compared to healthy volunteer levels of 22.9-24.5 kg(9).  



Predicting a ~ 5% difference(14) in appendicular lean mass between CD and healthy volunteers, a 

sigma of 0.8, α of 0.05, power of 90%, we estimate that 10 participants will be needed in each group.  

This FULLY-FUNDED PhD studentship will further our understanding of the aetiology of muscle 

wasting and myosteotosis in CD and highlight people most likely to benefit from intervention aimed at 

normalising muscle mass and metabolic dysregulation, which is completely missing in this patient 

group. Findings from this studentship will be used to design a downstream NIHR/MRC Efficacy 

Mechanism and Evaluation-funded interventional trial. Importantly, our hope is to identify and validate 

non-invasive imaging-based signatures that will allow characterisation of patients at greatest risk. 

This studentship will establish a new three way collaboration between whole body precision imaging 

at the SPMIC, metabolic and molecular physiology at Medical Research Council/Arthritis Research 

UK Centre for Musculoskeletal Ageing Research and the Musculoskeletal and Gastroenterology 

themes of the NIHR Nottingham BRC.  

They will enrol in the FHMS n-Trans PhD programme, supplemented by undergraduate/postgraduate 

modules in imaging and data analysis. They will undertake practical hands-on training to cover both 

the theory and practice of MRI and MRS image analysis.  

This will be coupled with skills in ‘wet’ lab analyses requiring for mRNA and protein measures. This 

studentship will provide a unique and multi-disciplinary training and wide portfolio of skills.  

Students will undertake training in research methods, Good Clinical Practice, Ethics and will benefit 

from the Graduate School Researcher Development Programme and UoN courses providing 

transferrable skills, e.g. leadership, management and teaching. 

 This training package will equip the student with an interdisciplinary core provision, cross-cutting from 

academic research to computing, image analysis to knowledge transfer, regulatory matters to human 

research and ‘wet’ lab skills.  Our students are encouraged to present their work at international 

conferences and submit it for publication. All previous students quickly found appropriate 

employment.   

Consumables for this studentship will be funded through the NIHR Nottingham BRC with wasting in 

CD being a long term funded research aim. The NIHR Nottingham BRC will lead in the recruitment of 

matched healthy volunteers. Analytical staff support will be provided by SPMIC and the 

Musculoskeletal theme of the NIHR BRC. Lead school: School of Medicine 
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To apply for a place on the programme you will need to:  

     1. join the open day on 9 January or contact a potential supervisor. If you wish to join the open 

day, please e-mail PI-Beacon@nottingham.ac.uk 

    2. apply online here by 17 January 

    3. on submission send an email to PI-Beacon@nottingham.ac.uk stating your preferred project, 

application ref number and enclose a CV 

 

For any enquiries please email PI-Beacon@nottingham.ac.uk  

 

https://www.nottingham.ac.uk/pgstudy/how-to-apply/research.aspx

