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Who is involved?
Dr. Tanja C. M. Adam, Dr. Sabine Baumgartner,  
Dr. Peter J. Joris, Prof. Dr. Ronald P. Mensink, Prof. Dr. 
Jogchum Plat, Dr. Herman E. Popeijus.
The research is embedded with the PHuN 
(Physiology of Human Nutrition) group 
from the Department of Nutrition and 
Movement Sciences. Except for the staff 
members, also PhD-students from both 
the Netherlands and abroad and supporting personnel  
are an essential part of our research group. 

Users and collaborations 
In our research projects, we collaborate with various national and 
international user and research groups, and industrial partners 
(ranging from SME to multinational) and receive funding from 
ZonMw, NWO, TKI-LSH, TTW, several product-related foundations 
and the EU.

Scientific impact/Research quality
Our studies with plant sterol and stanol esters (Example 1) 
have contributed to the positioning of products enriched with 
these nutrients in some (international) dietary guidelines. 
Moreover, our so-called frequency study demonstrating that a 
single intake of plant stanols was as effective as the same 
intake divided over three meals was the basis for the 
development of the highly successful commercially available 
one-shot yoghurt mini-drinks. Regarding the studies focusing 
on the longer-term effects of protein-rich foods and diets 
(Example 2), findings extended the evidence that these foods 
and diets prevent age-related health conditions, such as 
cardiovascular disease and cognitive impairment, due to their 
beneficial effects on vascular function and metabolic health; 
not only in the periphery, but also the brain.

Example 2: Protein-rich foods and diets
Considering the well-established effect of proteins on satiety, 
diet-induced thermogenesis and the preservation of fat-free 
mass during weight loss, proteins are the intuitive nutritional 
component of a whole food-based intervention for intentional 
weight loss and weight-loss maintenance. These effects may in 
part be mediated through an effect on food reward signalling in 
the brain. In our studies assessing whole food high protein intake 
we found an inverse relationship with high protein intake and 
brain reward activity, and a positive association between high 
protein intake and changes in body weight. The results pose a 
potential mechanistic link between protein intake and weight 
maintenance after weight loss (Figure 2). Furthermore, we could 
establish that this relationship was mediated by changes in 
insulin sensitivity.

For longer-term intake of soy nuts, which are not only rich in 
proteins but also in other potential bioactive ingredients, we 
observed in older subjects an increased regional cerebral blood 
flow (CBF), a physiological marker of cerebrovascular function. 
Psychomotor speed was also improved. In addition, non-invasive 
markers of the peripheral vasculature changed in a positive way. 
These effects may be important mechanisms by which protein 
intake reduces cardiometabolic risk and cognitive decline.

Figure 2: Whole brain contrast map of regions with inverse 
associations between changes in high>low calorie image 
brain activation and daily protein intake (g/kg) during 
weight maintenance.
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Future Perspectives
For plant sterols and stanols (Figure 3), we are currently 
examining whether (i) we can make the advice to use plant sterol 
or stanol-enriched products more personalized, based on genetic 
profiling (ii) plant sterols and stanols lower hepatic inflammation 
and (iii) the dampening effect of plant stanol consumption on 
the Th2 response also translates into less symptoms in a large 
multi-centre clinical trial in patients with allergic asthma.

For protein and protein-rich foods (Figure 4), the existing 
knowledge describing effects on (functional) markers in the 
periphery will be further corroborated with innovative markers in 
the brain. Ongoing trials focus on effects of whole foods 
(almonds, mixed nuts) and protein hydrolysates. Innovative 
non-invasive brain MRI methods are used to investigate brain 
vascular function and insulin-sensitivity, and functional 
activation of brain reward areas in response to visual stimuli. For 
this, MRI scanner facilities and support at the Scannexus are 
used. Specific focus is on functional outcomes such as cognitive 
performance and food intake.

Selection of publications
1.	� Baumgartner S, Ras RT, Trautwein EA, Mensink RP, Plat J Plasma 

fat-soluble vitamin and carotenoid concentrations after 
plant sterol and plant stanol consumption: a meta-analysis 
of randomized controlled trials. Eur J Nutr 2017; 56:909-923. 

2.	� Brüll F, De Smet E, Mensink RP, Vreugdenhil A, Kerksiek A, 
Lütjohann D, Wesseling G, Plat J. Dietary plant stanol ester 
consumption improves immune function in asthma patients: 
results of a randomized, double-blind clinical trial. Am J Clin 
Nutr 2016; 103:444-453.

3.	� Drummen M, Heinecke A, Dorenbos E, Vreugdenhil A, Raben A, 
Westerterp-Plantenga MS, Adam TC. Reductions in body 
weight and insulin resistance are not associated with changes 
in grey matter volume or cortical thickness during the 
PREVIEW study. J Neurol Sci 2019; 403:106-111. 

4.	� Drummen M, Dorenbos E, Vreugdenhil AC, Raben A, 
Westerterp-Plantenga MS, Adam TC. Insulin resistance, 
weight and behavioral variables as determinants of brain 
reactivity to food cues - a PREVIEW Study. Am J Clin Nutr 2019; 
109:315-321. 

5.	� Joris PJ, Plat J, Kusters YH, Houben AJ, Stehouwer CD, 
Schalkwijk CG, Mensink RP. Diet-induced weight loss improves 
not only cardiometabolic risk markers, but also markers of 
vascular function: A randomized controlled trial in 
abdominally obese men. Am J Clin Nutr 2017; 105:23-31.

6. 	� Kleinloog JPD, Mensink RP, Ivanov D, Adam JJ, Uludağ K, Joris PJ. 
Aerobic exercise training improves cerebral blood flow and 
executive function: a randomized, controlled cross-over trial in 
sedentary older men. Front n Aging Neurosci 2019; 11:333.

7.	� Mensink RP, de Jong A, Lütjohann D, Haenen GR, Plat J. Plant 
stanols dose-dependently decrease LDL-cholesterol 
concentrations, but not cholesterol-standardized fat-soluble 
antioxidant concentrations, at intakes up to 9 g/d. Am J Clin 
Nutr 2010; 92:24-33.

8.	� Plat J, Baumgartner S, Vanmierlo T, Lütjohann D, Calkins KL, 
Burrin DG, Guthrie G, Thijs C, Te Velde AA, Vreugdenhil ACE, 
Sverdlov R, Garssen J, Wouters K, Trautwein EA, Wolfs TG, 
van Gorp C, Mulder MT, Riksen NP, Groen AK, Mensink RP. 
Plant-based sterols and stanols in health & disease: 
Consequences of human development in a plant-based 
environment? Prog Lipid Res 2019; 74:87-102.

9.	� Talbot CPJ, Plat J, Ritsch A, Mensink RP. Determinants of 
cholesterol efflux capacity in humans. Prog Lipid Res 2018; 
69:21-32.

10.	�Tayyeb JZ, Popeijus HE, Mensink RP, Konings MCJM, Mokhtar 
FBA, Plat J. Short-chain fatty acids (except hexanoic acid) 
lower NF-kB transactivation, which rescues inflammation-
induced decreased apolipoprotein A-I transcription in HepG2 
cells. Int J Mol Sci 2020; 21:5088.

Figure 3: Ongoing longer-term intervention studies in the 
field of plant stanols and sterols.

Figure 4: Ongoing longer-term intervention studies in  
the field of proteins and protein-rich foods.
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Who is involved
PI: Dr. Anita Vreugdenhil and Department of
Pediatrics research team

Users and collaborations
From the perspective of “Think globally, act locally” we 
collaborate with scientists and healthcare professionals within 
the MUMC+ and around the globe.  The urgency to gain more 
knowledge about development, prevention and treatment of 
lifestyle related diseases in children is felt all over Europe, which 
has amongst others resulted in the European Paediatric 
Non-Alcoholic Fatty Liver Disease (EU-PNAFLD) network, in 
which physicians and researchers from all over Europe have 
united. With our research projects in Europe and India, we learn 
about possibilities to adjust lifestyle in different cultures and 
in Western and developing countries. Besides, we take action 
in our own communities, surrounding cities and the South of 
the Netherlands. This has grown into long-term and close 
contacts and cooperation with all kind of actors involved in the 
development of children at the micro-, meso- and macrolevel. 
In particular, we work together with parents, schools, companies, 
Youth and Healthcare Divisions, hospitals, municipalities and 
the Province of Limburg. 

Scientific impact/Research quality
With our research data, we generate knowledge and insights 
on new methods and markers to early recognize children with 
a specific high risk for metabolic derangement, diabetes mellitus, 
cardiovascular disturbances and liver pathology. In addition, 
insight is gained on the interrelationship of anthropometric 
measurements, comorbidities, metabolic derangements, 
cardiovascular measurements and liver parameters. 
Innovative interventions for the treatment of children with 
overweight and obesity have already been an important yield 
of our research work. More and more is known about the 
recognizing characteristics of children and families prone for 
development of overweight and obesity.

Societal impact
COACH developed an evidence-based approach for improving 
healthy living in overweight and obese children. The COACH 

approach is unique in that it connects the target individuals 
with other levels of society, stimulates mutual learning and 
initiates development of innovative nudging activities for the 
participating families. This approach has proven to be successful 
in health improvement; a healthier weight and less 
comorbidities. Our research work and results contribute to 
changes in policy, financial structures, collaboration between 
parties, awareness of lifestyle and obesity related consequences 
for children and next generations.

Future Perspectives
We now expand the COACH approach and network to Your 
Coach Next Door by including more families, more societal 
partners, new regions and new methods for engaging all 
stakeholders in a sustainable financial model. Professionals in 
primary care provide the program close to home. The YCND 
program will be further developed, implemented, feasibility 
tested and the effectiveness and cost-effectiveness of YCND 
evaluated. This approach can be considered as a ‘natural 
experiment’ and a continual improvement process as the 
research will follow the natural course of the intervention 
development. Medical and online assessments and online data 
in YCND will gather an enormous amount of data resulting in a 
unique possibility to evaluate effects of interventions and, due 
to its large scale, enable prediction models for personalized 
successful interventions. From the beginning a nation-wide 
rollout of the concept was anticipated. Children’s voice is the 
starting point for all interventions.

Your COACH next door
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The outdoor clinic is a playful and interactive world that 
nudges children and their parents in the direction of a 
healthy diet and reglar exercise. A motivating and 
stimulating environment that seems miles away from  
the world of doctors and hospitals.

Healthcare professionals

Policy makers

Funfilled activities (COACH FOOD)

Funfilled activities (COACH SPORTS)
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Future Perspectives
To further explore the putative impact of the RAS in the 
development and progression of COVID-19. We are currently 
investigating the effects of long-term treatment with the ARB 
valsartan on gene expression of RAS components, including 
ACE2, in human abdominal subcutaneous adipose tissue and 
skeletal muscle, using biopsies that were collected as part of a 
randomized, double-blind, placebo-controlled clinical trial that 
we have previously executed. The outcomes of this study may 
help to better understand the results of ongoing clinical trials 
investigating the effects of RAS blockade on clinical outcomes in 
patients with confirmed COVID-19.
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- �Bijnens W, Aarts J, Stevens A, Ummels D, Meijer K. Optimization 
and Validation of an Adjustable Activity Classification Algorithm 
for Assessment of Physical Behavior in Elderly. Sensors (Basel). 
2019 Dec 4;19(24):5344. doi: 10.3390/s19245344.

Societal impact
Our work on interrupting prolonged sedentary behaviour, is 
reflected in the last version of Furthermore, beyond our scientific 
work we contributed to:
• �The Dutch Guidelines for Physical Activity (2017), that advice 

to limit sitting time. 
• �The development of the Hospital Fit App, a tool that promotes 

physical activity in hospital settings. It is currently used by 
several hospitals.

• �Participation in national study groups and expert panels to 
promote advanced gait analysis (e.g. The GRAIL User group 
and the Gaitscript study group (standardization of clinical 
gait analysis)).

• �Development and implementation of novel, perturbation 
based, training regimes to reduce fall risk in elderly subjects.

• �Personalized prehabilitation programs that have been 
adopted by several clinical disciplines (e.g., abdominal 
(cancer) surgery, cardiac surgery) to accelerate and improve 
postoperative recovery of physical functioning and reduce 
(the consequences of) complications and length of stay. This 
will also lead to a reduction in healthcare costs.

• �An approach to measure professional athletes’ energy 
expenditure in the field during competition events in order 
to optimize their nutritional strategies

• �Development of international operating and reporting 
standards for the assessement of human energy and 
substrate metabolism using respiration chambers. 

• �Development of an international standard methodology for 
human doubly labelled water studies.

Future  Perspectives
Physical activity behaviour is characterized by duration, 
intensity, timing on the day, and frequency of various sort of 
activities. A future challenge will be to find combinations of 
these aspects that have beneficial outcomes, not only for 
cardiometabolic health, but also for other health and 
performance outcomes (learning, musculoskeletal power, 
balance control, immunity, preparation for surgery, et cetera). 
This work will capitalize on technological developments in 
wearable monitoring and data science to which we contribute 
via collaboration with technology partners.

Who is involved?
Key personnel: Jos Adam, Brenda Berendsen, Bart 
Bongers, Hans Essers, Chris McCrum, Kenneth Meijer, 
Guy Plasqui, Hans Savelberg, Paul Willems 
The impact of our research is reflected in our broad 
network of clinical and research departments within 
the Maastricht University Medical Centre. We cooperate 
with colleagues from the departments of 
Anesthesiology, Cognitive Neurosciences, Epidemiology, 
Health Promotion and Education, Internal Medicine, 
Neurology, Neuropsychology, Neurosurgery, 
Orthopaedics, Otorhinolaryngology and Head and Neck 
Surgery, Physical Therapy, Reumatology, Respiratory 
Medicine, Surgery and pediatrics. Furthermore, we have 
numerous national and international collaborators; 
such as University Medical Centre Groningen, the 
University of Applied Sciences Nijmegen,  the London 
South Bank University, the University of Limerick and 
the Norwegian School of Sports Sciences. Grants from 
industries, patient organizations and competitive 
research grants (ZonMW, TTW, Eurostars) have 
contributed highly to the success of our team. 

Scientific impact/Research quality
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498. 
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Meijer K, Kremers SPJ, Feron FJM, Crutzen R, Schols AMJW, 
Plasqui G. Strength exercises during physical education 
classes in secondary schools improve body composition:  
a cluster randomized controlled trial.

- �McCrum C, Karamanidis K, Grevendonk L, Zijlstra W, Meijer K. 
(2020) Older adults demonstrate interlimb transfer of reactive 
gait adaptations to repeated unpredictable gait perturbations. 
GeroScience. 42(1): 39-49. doi: 10.1007/s11357019-00130

- �Berkel AE, Bongers BC, Kotte H, Weltevreden P, de Jongh FH, 
Eijsvogel MM, Wymenga AN, Bigirwamungu-Bargeman M, 
van der Palen J, van Det MJ, van Meeteren NL, Klaase JM. 
Effects of community-based exercise prehabilitation for 
patients scheduled for colorectal surgery with high risk for 
postoperative complications: results of a randomized clinical 
trial. Ann Surg. In press.
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and Obesity Symposium, Dublin, European Association for the 
Study of the Liver, Vienna; Leading-Edge Research Center for 
Drug Discovery, Kyungpook, South Korea) and was published 
in various high impact scientific journals.

Selection recent publications 
1.	� Houben T, Oligschlaeger Y, Hendrikx T, Bitorina AV, 

Walenbergh SMA, van Gorp PJ, Gijbels MJJ, Friedrichs S, Plat 
J, Schaap FG, Lütjohann D, Hofker MH, Shiri-Sverdlov R; 
Cathepsin D regulates lipid metabolism in murine 
steatohepatitis. Sci Rep 2017 Jun;7(1):3494.

2.	� Houben T, Magro Dos Reis I, Oligschlaeger Y, Steinbusch H, 
Gijbels MJJ, Hendrikx T, Binder CJ, Cassiman D, Westerterp M, 
Prickaerts J, Shiri-Sverdlov R; Pneumococcal immunization 
reduces neurological and hepatic symptoms in a mouse 
model for Niemann-Pick Type C1 disease. Front Immunol 
2019 Jan;9:3089.

3.	� Khurana P, Yadati T, Goyal S, Dolas A, Houben T, Oligschlaeger 
Y, Agarwal AK, Kulkarni A, Shiri-Sverdlov R; Inhibiting 
extracellular cathepsin D reduces hepatic steatosis in 
Sprague-Dawley rats. Biomolecules 2019 May;9(5):171.

4.	� Ding L, Goossens GH, Oligschlaeger Y, Houben T, Blaak EE, 
Shiri-Sverdlov R; Plasma cathepsin D activity is negatively 
associated with hepatic insulin sensitivity in overweight 
and obese humans. Diabetologia 2020 Feb;63(2):374-84.

5.	� Tom Houben, Albert V Bitorina, Yvonne Oligschlaeger, Mike 
LJ Jeurissen, Sander Rensen, Eleonore Köhler, Marit Westerterp, 
Dieter Lütjohann, Jan Theys, Andrea Romano, Jogchum Plat, 
Ronit Shiri-Sverdlov; Sex-opposed inflammatory effects of 
27-hydroxycholesterol are mediated via differences in estrogen 
signaling. Journal of Pathology 2020 Aug;251(4):429-439. 

Societal impact
Our work has been distributed via Layman communication 
platforms (i.e. Pan European Networks, LEVER, HashtageScishare, 
Atlas of Science and researchista.com) and involvements with 
the relevant national societies (i.e. NVH and MLDS). 

Future Perspectives
Our aim is to explore the potential of targeting oxLDL and 
extracellular lysosomal enzymes as prognostic markers for 
disease severity and as non-toxic targets for treatment and for 
boosting the immune system in a wide variety of metabolic 
diseases including hepatocellular carcinoma, cardiovascular 
diseases, depression, Inflammatory bowel disease and 
autoimmune diseases. 

Figure 1: Rationale 
Unlike non oxidized LDL, accumulation of oxLDL in 
lysosomes can lead to lysosomal dysfunction by interfering 
with autophagy, by triggering apoptosis or by increasing the 
secretion of lysosomal enzymes into the plasma. 

Figure 2: Research focus
Our research consists of three different lines: 
1.	�Mechanism  

Investigation of the pathogenic signalling linking lysosomal 
dysfunction, disturbed lipid metabolism and inflammation. 

2.	�Treatment  
Developing novel treatments for obesity-associated 
diseases, aimed at improving lysosomal function and 
reducing the activity of circulating lysosomal enzymes. 

3.	�Prognosis  
Developing prognostic tools for assessing the risk of 
developing obesity-associated diseases.
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The SMART-IBD project was nominated for the Value-Based 
Health Care Prize and the Zinnige Zorg Award.
By demonstrating that the eHealth care-path for IBD with, 
continuous monitoring of PROMs and psychosocial and 
lifestyle factors, is cost-effective compared to standard care, 
myIBDcoach could be implemented in 20 hospitals in the 
Netherlands. The data-optimized care paths for IBD are 
described in detail and shared with the SMART-IBD network. 
The SMART-IBD school aims to share knowledge regarding the 
innovative care-paths and organizes 3 monthly webinars for 
healthcare professionals. 

Figure 2: Data2Care Model
Referred patients from the regional care network are triaged 
to the optimal care path based on standardized data. During 
the first outpatient, patients are asked for permission to reuse 
data for multiple purposes. Standard sets of clinical outcome 
measures and process outcomes are registered during the 
primary care process in the Hospital Information system. 
PROMs, PREMs, psychosocial and lifestyle risk factors are 
registered in the eHealth tool myIBDcoach. Existing ZIBs are 
used as much as possible. Captured RWD is reused for:
• �Shared decision-making in the consultation room with the 

aid of a patient dashboard and decision support tools.
• �Patient group dashboards for evaluation and continuous 

improvement of the care path. Monitoring the balance 
between outcomes and costs.

• �Communication within the regional care network 
• �To provide quality indicators for external accountability and 

transparency.
• �Development of decision support tools
• �Optimization of patient stratification

Figure 1:  Desired outcomes of different players in  
the Dutch Health Care system

Figure 3: myIBDcoach
Overview of the elements of the telemedicine tool myIBDcoach: 
1. �Monitoring modules containing PROMS and clinical 

questionnaires: standard monitoring (every month, or every  
3 months when the disease is in remission), intensified 
monitoring (weekly in case of a flare) and modules to prepare 
an outpatient clinc-visit. 

2. �Personal Follow-up plan: Graphical visualisation of clinial 
outcomes, calprtectin point of care test, PROMs and 
psychosocial and lifestyle riskfactors in a dashboard for 
patients and health care professionals 

3. �E-learning modules: interactive patient-tailored information 
on topics such as medications, adherence to medication, 
smoking cessation, (mal)nutrition, methods to prevent or 
reduce symptoms (self-management), fatigue, work 
productivity, anxiety and depression. 

4. �Communication: secure message connection between 
patient and healthcare providers’ back-office.

Future perspectives
The SMART-IBD network is an ongoing collaboration using the 
aggregated data in DataHub UM to create evidence on life 
style and psychosocial interventions to prevent flares or 
improve health in IBD. The Maastricht IBD-research group 
maps myIBDcoach data to the OMOP common data model to 
enable combined analyses with the ICC-drug registry, PSI-IBD 
and IBD-SL cohort data to develop decision support tools and 
improve patient stratification of IBD. 
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Figure 3
Organoid approaches to study cancer cachexia and its link to chemotherapy resistance.

Figure 4
Our research is the result of a true team effort 
where input from surgeons, oncologists, nurse 
practitioners, basic researchers, laboratory 
technicians, and PhD students is integrated in 
translational studies with a close eye on ultimate 
clinical benefit for patients.
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Figure 1
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Figure 1: Enterophepatic actions of FXR
Bile acids (exemplified as the primary bile acid CDCA) are 
produced in the liver by CYP7A1-initiated conversion of 
cholesterol in primary bile acids. Bile salts are secreted via BSEP 
into the canalicular lumen. In the ileum, bile salts are reabsorbed 
via ASBT in terminal ileum enterocytes. Here, they bind and 
activate FXR and this stimulates the transcription of FGF19, which 
encodes a protein that is secreted into the portal circulation.  
In the liver, FGF19 binds to its receptor FGFR4, which activates 
a signalling pathway involving MAP kinases and causes 
repression of CYP7A1, thus downregulating bile acid synthesis. 
After OSTa/13- mediated secretion into the portal circulation, bile 
acids are taken up by the liver via NTCP, thus, completing the 
enterohepatic cycle. In the liver, bile acids bind to FXR, which 
transcriptionally upregulates a protein called SHP (not shown) 
that interferes with expression of CYP7A1. Oral FXR agonists 
will affect FXR in both liver and intestine and this strongly 
downregulates CYP7A1 both by FGF19-dependent and FGF19-
independent effects. FGF19 additionally affects lipogenesis, 
gluconeogenesis and liver regeneration. Abbreviations: ASBT, 
apical sodium-dependent bile salt transporter; BSEP, bile salt 
export pump; CDCA, chenodeoxycholic acid; CYP7A1, cholesterol 
7-a-monooxygenase; FGF19, fibroblast growth factor 19; FGFR4, 
fibroblast growth factor receptor 4; FXR, farnesoid X receptor; 
NTCP Nattaurocholate cotransporting polypeptide; OST, 
organic solute transporter; SHP, small heterodimer partner. 

Figure 2: TGR5-expressing tissues and targets
TGR5 signalling in skeletal muscle and brown adipose tissue 
results in local activation of the deiodinase D102 that 
generates active thyroid hormone (13), an important regulator 
of metabolism and energy homeostasis. Bile acids in the 
intestinal lumen activate TGR5 in enteroendocrine cells, 
resulting in release of the incretin GLP-1. In Kupffer cells and 
macrophages, TGR5 activation inhibits LPS-induced cytokine 
production. Abbreviations: D102, type II iodothyronine 
deiodinase; GLP-1, glucagon-like peptide 1; LPS, 
lipopolysaccharide; 13, active thyroid hormone; 14, inactive 
thyroxine; TGR5, transmembrane G protein-coupled receptor 
TGR5 (also known as GPBAR1). 

Figure 3: Kaplan-Meier curves for patients with low, 
intermediate, and high MESIF scores. 
Patients with high MESIF scores (> 40) had a significantly lower 
5-y survival rate than patients with low (scores between 0 and 
20) or intermediate (scores between 20 and 40) MESIF scores 
(log-rank test, P < 0.0001). MESIF, Model for End-Stage 
Intestinal Failure. 
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Chyme reinfusion restores the regulatory bile salt-FGF19 axis 
in intestinal failure patients.
Automated chyme reinfusion (CR) in intestinal failure patients 
with a temporary double enterostomy restores intestinal 
function and protects against liver injury. CR evoked an 
increase in plasma FGF19 and decreased C4 levels, indicating 
restored regulation of bile salt synthesis via endocrine FGF19 
action (Figure 6). Furthermore, citrulline and albumin levels 
were gradually rising after CR, while abnormal serum liver 
tests normalized after CR, indicating restored intestinal 
function, improved nutritional status and amelioration of liver 
injury. Beneficial effects of chyme reinfusion are partly 
mediated by recovery of the bile salt-FGF19 axis and 
subsequent homeostatic regulation of bile salt synthesis.

Who is involved?
The research team is headed by P.I.s Frank Schaap and 
Steven Olde Damink and at present consists of five PhD 
students: Kim van Mierlo, Kiran Koelfat (supported by 
NWO/ESPEN), Lin Cheng & Xinwei Chang (both 
supported by Chinese Scholarship Council) and Ümran 
Ay (supported by the German Research Foundation).  
A visiting scientist (Dr. Martin Lenicek) was previously 
supported by a NWO travelling grant and is presently 
working in our team with support of an EU mobility 
grant. Staff support is provided by technicians 
Annemarie Bijnen and Bas Boonen (general lab 
support) and Dr. Hans van Eijk (analytical support).  
We are also embedded within the prestigious 
Sonderforschungsbereich 1382 “ Die Darm-Leber-Achse-
Funktionelle Zusamenhange und Therapeutische 
Strategie of the Deutsche Forschunsgemeinschaft as 
part of a collaboration with the RWTH Aachen. 

Users and collaborations 
We collaborate locally with Prof. Ron Heeren (M4i) and Dr. Rob 
Vreeken (M4i) to study spatial localization of bile salts and 
sulfatides in cholangiopathies, and with Dr. John Penders, 
Dept. of Medical Microbiology to investigate the interaction 
between the gut microbiota and bile salts.
National collaborations exist with Dr. Barbara de Koning, 
Erasmus UMC, Rotterdam (pediatric intestinal failure) and Dr. 
Geert Wanten, Radboud UMC, Nijmegen, with whom we study 
acute and chronic intestinal failure in the pediatric and adult 

population.  In collaboration with Dr. Maarten Soeters, 
Amsterdam UMC we study metabolic consequences of 
enterohepatic bile salt signaling in human subjects.

International collaborations
With Prof. Mathias Hornef, RWTH Aachen, Aachen, Germany 
we study the interaction between the gut microbiota and bile 
salts. Bile salt receptor-based enhancement of liver regeneration 
in mouse is studied in collaboration with Prof. Isabelle Leclercq, 
Université Catholique de Louvain, Brussels, Belgium. In a 
long-standing collaboration, dysregulation of the bile salt/
FGF19 regulatory axis and other aspects of bile salt (patho)
physiology are studied in patient populations together with 
Dr. Martin Lenicek, Charles University Prague, Czech Republic. 
Joint studies with Dr. Espen Melum, Oslo University Hospital/
Norwegian PSC Research Center, Oslo, Norway, focus on 
gaining insight into the role of sulfatides in cholangiocyte 
biology and the bile duct disorder primary sclerosing 
cholangitis. Together with Prof. Ronan Thibault, Rennes 
University Hospital, France, we study adult patients with acute 
intestinal failure, receiving chyme reinfusion therapy.
We are also embedded within the prestigious Sonder-
forschungsbereich 1382 “Die Darm-Leber-Achse-Funktionelle 
Zusamenhange und Therapeutische Strategie” of the Deutsche 
Forschunsgemeinschaft, where we are collaboration partners in 
7 of the 16 projects.

Industrial partners
The effects of an FDA-approved FXR agonist on liver growth 
after experimental portal vein embolization are studied in 
collaboration with Dr. Luciano Adorini, Intercept Pharmaceuticals 
Inc.

Scientific impact/Research quality
Our focus on human translational studies is internationally 
recognized and well appreciated, as mirrored by publications 
in high impact journals in the field of hepatology and 
gastroenterology. Most of the knowledge on bile salt signaling 
stems from mouse studies, with many aspects of bile salt 
biology differing between man and mouse, these translational 
studies are of key importance.

Selection of publications
• �Koelfat KVK et al. Chyme reinfusion restores the regulatory 

bile salt-FGF19 axis in intestinal failure patients. Hepatology, 
revised manuscript under consideration.

• �Koelfat KVK et al. Bile salt and FGF19 signaling in the early 
phase of human liver regeneration. Hepatol. Commun., in press

• �Koelfat KVK, Plummer MP, Schaap FG, Lenicek M, Jansen PLM, 
Deane AM, Olde Damink SWM. Gallbladder Dyskinesia Is 
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Associated With an Impaired Postprandial Fibroblast 
Growth Factor 19 Response in Critically Ill Patients. 
Hepatology. 2019;70:308-318.

• �Koelfat KVK, Huijbers A, Schaap FG, van Kuijk SMJ, 
Lenicek M, Soeters MR, Wanten GJA, Olde Damink SWM. 
Low circulating concentrations of citrulline and FGF19 
predict chronic cholestasis and poor survival in adult 
patients with chronic intestinal failure: development  
of a Model for End-Stage Intestinal Failure (MESIF risk 
score). Am J Clin Nutr. 2019;109:1620-1629.

• �Schubert K, Olde Damink SWM, von Bergen M, Schaap 
FG. Interactions between bile salts, gut microbiota, and 
hepatic innate immunity. Immunol Rev. 2017;279:23-35.

• �Olthof PB, Huisman F, Schaap FG, van Lienden KP, 
Bennink RJ, van Golen RF, Heger M, Verheij J, Jansen PL, 
Olde Damink SW, van Gulik TM. Effect of obeticholic  
acid on liver regeneration following portal vein 
embolization in an experimental model. Br J Surg. 
2017;104:590-599.

• �Schaap FG, Trauner M, Jansen PL. Bile acid receptors as 
targets for drug development. Nat Rev Gastroenterol 
Hepatol. 2014;11:55-67.

• �Schaap FG, van der Gaag NA, Gouma DJ, Jansen PL.  
High expression of the bile salt-homeostatic hormone 
fibroblast growth factor 19 in the liver of patients with 
extrahepatic cholestasis. Hepatology. 2009;49:1228-1235.

Societal impact
Our PhD students have won multiple prizes presenting this original work 
on different conferences, e.g. the second (2019) and the first (2020) price 
for best abstract and oral presentation at the ESPEN congresses. Kiran 
Koelfat also received an ESPEN Fellowship (2018). We consider it very 
important to communicate our data and insights to fellow researchers 
and to the broader community, as exemplified from several recent 
activities. The findings of chyme reinfusion study have been included in 
the ESPEN guidelines of treatment of Intestinal Failure and is currently 
being validated in a large multi-center study in France.  Yearly lecture on 
“bile salts & liver disease” are given (by FGS) to Biomedical Sciences 
student of UM and in the framework of a course (Lipids in health and 
disease) for 2nd-3rd year medical students at the RWTH Aachen. 

Future Perspectives
Future translational research will focus on improving liver regeneration 
in the (post)cholestatic patient, typically patients with resectable 
perihilar cholangiocarcinoma. In pre-clinical models we have explored 
pharmaceutical activation of FXR as a strategy to accelerate liver 
regeneration in both non-cholestatic, cholestatic, and post-cholestatic 
animals. While liver regeneration after partial hepatectomy was not 
enhanced in any of these groups, FXR agonism was effective in 
accelerating portal vein embolization-induced liver growth in rabbit. 
Another spear point will be to study the interaction between the gut 
microbiota, bile salts and host immunity in the context of liver regeneration.

Figure 4: Schematic overview of the postprandial bile salt/FGF19 axis in healthy participants and critically ill patients.



34

Figure 5: Bile salts appear to be more important than FGF19 in the early phase of human LR.

Figure 6: Automated chyme reinfusion in 
intestinal failure patients with a temporary 
double enterostomy restores intestinal function 
and protects against liver injury via increased 
plasma FGF19 and decreased C4 levels, indicating 
restored regulation of bile salt synthesis.

INTRA-OPERATIVE POSTOPERATIVE
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Users and collaborations
 
Together with the cBITE group (head Prof. dr. Martijn van 
Griensven) of the MERLN institute, a newly developed 3D 
printed bone defect cage (with polycaprolactone and 
tricalciumphosphate) was successfully implanted in a first-in 
man study in patients with critical size defects (see picture 
above) together with bone marrow stem cell concentrate and 
autologous bone graft. These cages can be used for increased 
bone regeneration capabilities, thereby increasing the maximum 
size of the defect that can be treated (example above 
demonstrating a 15-cm bone defect). Further evaluation of 
fracture healing is performed using high-resolution quantitative 
CT scanning together with the group of Prof. dr. Joop van den 
Bergh. Within the Chemelot InScite consortium, the WISE project 
aims at developing an interponate for posttraumatic arthritis. 
Together with the department of movement sciences  
(Dr. Kenneth Meijer) a number of studies are carried out on 
gait kinematic abnormalities in patients after foot- and 
ankle-trauma, as clinically relevant outcome parameter.

3D visualization of m/z distributions
Together with the M4I institute (head Prof. dr. Ron Heeren) 
techniques for intra-operative evaluation of bone vitality 
using laser-assisted mass spectrometry are developed  
(see figure displaying intensity of two different molecular 
masses (m/z value) using 3D robotic surface scanning and 
metabolic profiling).

Major breakthrough
A key finding is the discovery that nutritional supplementation 
of specific amino acids is indeed able to increase the fracture 
regenerative capability with a reduced risk of non-union [1-5] 
in a validated murine delayed fracture healing model [2]. 
Previous studies in patients indicate a decreased availability of 
amino acids both in the non-union tissue and also in the bone 

Boosting the bone biology concept
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marrow distant from this non-union site, as marker of 
nutritional depletion of the bone marrow [9]. In other 
mechanistic studies citrulline was found to be a more important 
amino acid than arginine for increasing vascularity and 
regeneration during conditions of increased inflammation 
[10,11]. Finally, the inflammatory phase of the fracture 
hematoma was demonstrated to be key in the sequential 
steps of regeneration of bone [12-15].


