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Abstract

This article presents a summary of the use of patient-derived 
organoids (PDOs) as a novel research tool for gastroenterology, with 
a focus on inflammatory bowel disease, in human and veterinary 
medicine. In addition, it aims to highlight their advantages and 
limitations over current research models from an ethical perspective. 
Finally, to draw attention to their potential for contribution to the 
concept of One Health and the importance of collaboration between 
human and veterinary medicine resources.

Abbreviations

GI – gastrointestinal 
IBD – inflammatory bowel disease
PDO – patient-derived organoid 

Introduction

Patient-derived organoids (PDOs) are three-dimensional structures 
generated from stem cells with the ability to self-organise and 
resemble in vivo organs.1 They can re-create components of anatomy 
and recapitulate basic tissue-level functions of their physiological 
equivalents, to obtain a bioartificial organ.2 PDOs play an important 
role in modelling the pathogenesis mechanisms of diseases, 
individuals’ drug sensitivities (giving rise to personalised medicine), 
toxicology studies, and much more.2 Only recently are PDOs finding 
their applications in veterinary medicine. This article reviews the 
current use of canine PDOs in comparative gastroenterology and 
the importance of a One Health approach; a concept recognising 
the interrelations of human and animal health and proposes a multi-
disciplinary approach to tackling problems common to both species.3

Organoids in gastroenterology

Gastroenterological research has historically used two-dimensional 
models of the human gastrointestinal (GI) system using a monolayer 
of cells to imitate in vivo organ functionality. Gnotobiotics have also 
been used to replicate the human GI system within mice, involving 
bacterial colonisation of the gut and subsequent euthanasia.4 In 
addition to the ethical issues this method raises, it is evident that 
mice are a poor model in biomedical research. Around 90% of 
drugs developed using mouse models have failed in clinical trials,5 
indicating the need for better models. The canine GI system closely 
resembles that of humans, with a functional and taxonomic overlap 
of around 60% compared to 10–20% overlap between mice and 
humans.6 Furthermore, dogs develop analogous GI diseases such as 
colorectal cancer and inflammatory bowel disease (IBD) and show 
similar clinical signs to humans, making them superior models to 
mice.4 The practicality and cost of obtaining canine intestinal tissue is 
feasible as veterinary surgeons have access to these during GI surgery 
and often take samples for histological use. Canine PDOs provide 
a more representative model of the human GI system7 compared 
to previously mentioned methods, whilst reducing the number of 
animals used in research. Canine PDOs achieve the ‘reduction’ and 
‘replacement’ aspects of the 3Rs, an ethical framework for preserving 
welfare of research animals. ‘Refinement’ aims to refine tests to 
alleviate animal stress during research, ‘replacement’ encourages use 
of research methods not involving animals, and ‘reduction’ aims to 
reduce the number of animals used per experiment.8  

A recent study

Inflammatory bowel disease is characterised by chronic inflammation 
of the GI tract9 and is highly prevalent in both humans in the UK 
(0.81%)10 and dogs (approximately 0.9–2.0%).11 The aetiology of the 
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disease is currently unknown,12 and treatment in both species is 
largely symptomatic.13,14

A 2019 study4 using healthy and diseased dogs (presenting with IBD), 
created PDOs through collection of adult intestinal stem cells from 
samples of canine GI tissue. Culture of these cells and visualisation 
with microscopy demonstrated successful differentiation into crypt 
epithelial cells. 

In IBD, inflammation is mediated through PGE2 which acts through 
receptors EP1, EP2, EP3, and EP4, in both humans and canines.4,15 The 
latest NSAID class ‘piprants’ target the EP4 receptor and aim to reduce 
common GI side effects that occur with NSAID drugs, important 
for IBD patient.16 The results of this study showed that the EP4 
receptor was successfully expressed in the canine PDOs generated, 
thus deeming this model fit for development of piprant drugs. A 
limitation to this particular study is that immune and mesenchymal 
cells, usually detected in abundance in native gut tissue, were 
absent, supporting the already known fact that the methodologies 
for generating PDOs require further development to obtain full 
physiologic functionality.17 One may question the robustness of 
these results due to these inaccuracies of the PDO, however, it is clear 
that canine PDO models provide much improved representation of 
human tissue than our current mouse models.6 The use of PDOs for 
research into IBD treatments could benefit the health of both animal 
and human patients and facilitate more collaboration between 
human and veterinary clinicians and researchers.18 

Conclusion 

PDOs present the unique ability to investigate disease processes 
and develop innovative therapies on highly representative tissue of 
both humans and animals. They offer a sustainable solution to use of 
animals in research as fewer animals are needed, overcoming some 
of the ethical issues involved in research animals. The anatomical 
similarities shared between humans and canines, coupled with 
parallels in disease prevalence such as IBD, opens the door for 
collaboration between human and veterinary fields with PDOs 
providing an interface for this to happen. Overall, PDOs provide a 
highly efficient method of biomedical research, transferable across 
sectors, and collaboration in this way has the potential to accelerate 
advances in research for the benefit of both disciplines.19
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