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Relevance 
Intestinal ischemia is a reduced blood flow to the intestine resulting in decreased oxygen and nutrient 
supply. The blood flow to the intestine can be severely obstructed for example by a blood clot, a 
process that is similar to what happens in the heart during a heart attack. Besides blockage by a 
blood clot, blood flow can be diminished in several conditions including mechanical obstruction due 
to twisting of the bowel or due to low blood pressure secondary to shock, trauma or major surgery. 
In addition, intestinal transplantation is a procedure that requires temporary interruption of the blood 
flow and is therefore also associated with ischemia. While the intestine can tolerate brief fluctuations 
in the blood flow, a severe reduction results in tissue injury. 

Acute intestinal ischemia is a devastating condition that occurs in about 13 per 100,000 people 
every year in the Netherlands. This number is expected to increase due to ageing of the population. 
In 60 to 80% of cases the patient dies, accounting for 1400 to 1800 deaths a year in the Netherlands 
only. For comparison, a heart attack is much more common - 1450 per 100,000 people had a heart 
attack in the Netherlands in 2019 - but a relatively low percentage (2%) died from it, accounting 
for nearly 5000 deaths in 2019. The mortality of intestinal ischemia has barely declined in recent 
decades. Early diagnosis and prompt surgical intervention to restore the blood flow are essential for 
patient survival. However, restoring blood flow – called reperfusion – to the intestine, for instance 
by removing the blood clot, initially exacerbates tissue injury, which is known as reperfusion injury. 
Therefore, the development of therapeutic strategies aiming at reducing reperfusion injury is urgently 
needed to improve patient outcome. In most cases ischemic damage has already occurred at the 
time of diagnosis, so it cannot be prevented by therapeutic intervention. However, in some cases 
preventive therapy can be initiated before the start of ischemia, for instance in organ transplantation.
Intestinal ischemia-reperfusion injury is a highly complex problem, and a better understanding of 
the underlying molecular mechanisms is crucial to identify potential targets for the prevention or 
treatment of ischemia-reperfusion injury in the human intestine. To subsequently study these 
mechanisms and test their therapeutic potential, there is an urgent need for an experimental human 
model that (1) allows modulation of specific mechanisms in a controlled setting, and (2) recapitulates 
human intestinal physiology and pathophysiological aspects of ischemia-reperfusion injury as closely 
as possible. The latter will improve the translation of mechanistic findings in experimental models to 
effective treatment of human disease.

Scientific impact

Novel insight in ischemia-reperfusion injury of the human intestine
The research described in this thesis significantly contributes to our understanding of the mechanisms 
underlying ischemia and reperfusion injury in the human intestine. The unique Maastricht 
experimental model in human intestine enabled investigation of the sequential stages of progressive 
ischemic injury, reperfusion injury and initiation of repair mechanisms. Comprehensive analysis of 
alterations in thousands of genes and proteins provided insight in regulated biological processes 
during human intestinal ischemia-reperfusion. These results give rise to further investigations into 
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potential therapeutic targets, aimed at suppressing damaging processes, promoting protective 
mechanisms or advancing regeneration and recovery of the injured tissue. Obtained insights may also 
be relevant to other intestinal pathologies that are associated with intestinal damage, inflammation 
and disruption of the intestinal barrier function, for instance Crohn’s disease or ulcerative colitis. 
Hence, although the cause of these inflammatory bowel diseases differs from ischemia-reperfusion, 
similar therapeutic strategies may be valuable.

Our big datasets on human intestinal ischemia-reperfusion have been deposited in open-
source databases and made publicly available after publication. This offers the opportunity for wider 
evaluation by the scientific community and allows other researchers to build their research on our 
results. In addition, our data on the intestinal response to ischemia-reperfusion can be used for 
comparison with, for instance, the response to infection or Crohn’s disease. This may contribute to a 
better understanding of the distinctive features of these responses, and may lead to identification of 
specific candidate diagnostic markers that can distinguish between the conditions.

Intestinal organoids as a model to study ischemia-reperfusion
In this thesis we presented a model for ischemia-reperfusion in intestinal organoids from human 
origin. Organoids represent an important bridge between widely used traditional cell culture systems 
and animal/human models. On the one hand, they are easier to manipulate than human models. 
On the other hand, the organoid model offers improved translation to the human setting compared 
to traditional cell culture models, because they better mimic the original tissue in terms of cellular 
diversity, structure and function. 

We showed that exposure of intestinal organoids to hypoxia and reoxygenation mimicked 
the response of the human intestine to ischemia-reperfusion. The model enables the study of the 
epithelial component of ischemia-reperfusion, and will be useful for future studies into mechanisms 
of injury and regeneration. Importantly, the model allows isolated investigation of the intestinal crypt, 
which harbors the stem cells and is crucial for regeneration of the epithelium, and the intestinal 
villus, which contains mature cells that are more susceptible to injury. However, it should be noted 
that the interaction of the epithelium with microbes in the intestinal lumen and with immune cells 
are important elements of the pathophysiology of ischemia-reperfusion injury in the intestine. To 
investigate this interaction of the epithelium with the environment, it could be useful to co-culture 
organoids with immune cells or luminal factors in future studies. Hence, our organoid model lays  the 
foundation for more advanced and complex models.

One of the potential therapeutic targets that we studied in the organoid model, was the unfolded 
protein response, a regulatory pathway initially crucial for survival, yet eventually promoting cell death. 
Targeting this pathway is aimed at balancing the response in favor of survival. We demonstrated that 
fine-tuning of the unfolded protein response considerably reduced pro-death signaling in the organoid 
model, suggesting it would be a promising therapeutic strategy that needs to be further exploited.
The biobank of established human intestinal organoid lines can be used for future mechanistic 
studies. In this thesis we primarily focused on the injury-aspect of ischemia-reperfusion. In addition, 
as organoids have been demonstrated to recapitulate stem cell function and tissue renewal, the 
established human intestinal organoids provide an excellent model to study tissue regeneration 
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after hypoxia-reoxygenation. Besides the application to mimic and study ischemia-reperfusion injury, 
hypoxic exposure of organoids can be used as a general damage model.

Knowledge transfer
The results in this thesis were disseminated via conferences, publications and open-source 
databases. The obtained knowledge is relevant for scientists and physicians in various fields 
including surgery, organ transplantation, critical care and gastroenterology. Results were and will 
be presented at relevant national and international scientific conferences on digestive diseases, i.e. 
Dutch Digestive Disease Days and United European Gastroenterology (UEG) congress, conferences 
on organ transplantation, i.e. Congress of the Intestinal Rehabilitation & Transplant Association 
(CIRTA) and International Meeting on Ischemia Reperfusion injury in Transplantation (IMIRT), and the 
world congress of Tissue Engineering and Regenerative Medicine International Society (TERMIS). 
Furthermore, our work has been published in international peer-reviewed journals, i.e. Cell Death 
& Disease, Cellular and Molecular Gastroenterology and Hepatology, Transplantation, and Journal 
of Proteome Research. With publication in these journals a broad audience of basic scientists and 
clinicians are reached. 

Societal impact
The research described in this thesis advanced our understanding of ischemia-reperfusion injury of 
human intestine and provided a useful model to test potential therapeutic targets, which are both 
critical steps towards novel treatment options of patients with intestinal ischemia. In the long term, 
the development of an effective treatment is expected to reduce the risk of developing life-threatening 
complications of intestinal ischemia, improve patient survival and reduce health care costs.
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