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Novel method facilitates genetic studies of the function and diseases of 
the intestinal epithelium 
With its length and multitude of folds and protrusions, the intestine represents the 
largest contact surface between our body and the food taken up from the outside. 
However, little is currently known about which genes play an important role in digestion 
or contact with foreign substances. Researchers from the Leibniz Institute on Aging – 
Fritz Lipmann Institute (FLI) in Jena, Germany, and the Fred Hutchinson Cancer Center, 
Seattle, USA, have succeeded in developing a novel method that makes genetic 
analyses possible for all regions of the intestine. This will facilitate future research on 
how genes influence the normal function of the intestinal lining, as well as their effect 
on diseases and aging. 

Jena/Seattle. With a length of around eight meters and its countless finger-shaped 
protrusions, known as villi, the intestine represents the largest contact surface in the inner of 
our body that comes in contact with the up-taken food. As the most important organ of the 
digestive tract, its main tasks include the absorption of nutrients from food, the provision of 
energy, and the excretion of harmful metabolites. The intestinal barrier acts as a kind of 
protective wall that prevents germs or foreign substances from entering the body and thus has 
a decisive influence on health (immune defense).  

Part of the intestinal wall is the intestinal lining (intestinal epithelium), which lines the inside of 
the intestine and plays an important role in the absorption of water, electrolytes, and nutrients. 
It is also subject to a continuous renewal process and is the most rapidly self-renewing tissue 
in adult mammals, with a regeneration time of 3-10 days. Despite the intestine’s diverse 
functions and enormous importance for health, little is known thus far – despite intensive 
research – about which genes play an important role in digestion or in the development of 
intestinal diseases. 

Researchers from the Leibniz Institute on Aging – Fritz Lipmann Institute (FLI) in Jena, 
Germany, in cooperation with partners from the Fred Hutchinson Cancer Center in Seattle, 
USA, have now achieved an important milestone: they have developed a novel method that 
on the one hand enables genetic studies for all regions of the intestine and on the other hand 
can be used to investigate in greater detail the influence of genes on carcinogenesis, the aging 
process, and host-microbiome interactions. The current research results have now been 
published in the journal BMC Biology. 

Single-gene mutation analyses versus screening of a large number of genes  

“Using special germline mutations, it is currently possible to switch off individual genes in the 
intestinal epithelium and investigate their influence. But despite numerous efforts, there is no 
method yet that can be used to study a large number of genes simultaneously,” explains K. 
Lenhard Rudolph, research group leader at the FLI and professor of molecular medicine at 



 
 
FSU Jena. But such an approach would be necessary, because the human genome has over 
25,000 genes, about three-quarters of which are active in our intestines.  

“Moreover, research into the function of these genes via targeted single-gene mutation 
analyses is very costly and also time-consuming,” adds Prof. Rudolph. In principle, it is 
possible to induce mutations in individual cells of a tissue using virus particles containing 
specific gene sequences. With this approach, screening studies on a large number of genes 
can be performed simultaneously. “This method is already used today for the examination of 
skin, liver, and blood stem cells, but has not been transferable to the intestinal epithelium thus 
far,” emphasizes the stem cell researcher, “since the stem cells of the intestinal epithelium are 
deeply hidden in the crypts (the deep pockets between villi) and are thus very difficult to access 
for gene transfer by means of viral particles.” 

Disadvantages of previous research methods 

“Currently known methods for studying the intestinal epithelium use intestinal organoids, tiny 
mini-organs that are grown in cell culture and genetically modified by the addition of viruses,” 
adds Dr. George B. Garside of the FLI, lead author of the study. “These modified mini-organs 
are then injected into the intestinal epithelium of immunocompromised mice and the influence 
of the genes on intestinal function is then studied.” 

However, this method has several weaknesses. The organoids must first be grown and 
propagated in cell culture in the laboratory before they can subsequently be genetically 
modified by specific viral vectors. This all takes place outside the organism, meaning that the 
mini-organs lack their natural environment, which, however, regulates the naturally occurring 
development and maintenance of the intestinal epithelium. Triggered by the unnatural growth 
conditions in the culture, changes can occur in the intestinal stem cells, which then do not 
accurately reflect the function of the genes under natural conditions. 

Problems also arise during transplantation, because due to the length of the intestine and poor 
accessibility from the outside, transplantation of organoids remains limited to the lower colon 
and has an overall low efficiency, limiting the study to only a few genes. “Because of all these 
limitations and problems, it was necessary to find a new method that would enable the 
insertion of genetic modifications in situ, directly in the natural environment of the undisturbed 
intestinal epithelium, as well as making it possible to study the function of multiple genes in 
the natural intestinal epithelium,” Dr. Garside emphasizes. “This also has the advantages as 
cells in culture can undergo abnormal selection and changes that perturb the identification of 
gene functions in unmodified cells.” 

Novel method for studying the intestinal epithelium  

The researchers succeeded in developing a robust and replicable procedure that makes it 
possible to introduce a large number of genetic modifications into the stem cells of the 
unmodified, natural intestinal epithelium without the need for transplantation. “We used 
laboratory mice for our study, which in many respects closely mirror the physiological 
conditions of the human intestinal epithelium,” reports Prof. Rudolph.  

Due to the difficult-to-access anatomical location of the stem cells, which are deeply hidden in 
the crypts of the intestinal epithelium of adult mice, a special microinjection technique was 



 
 
used during the early embryonic development of the mice. This is because at this early stage 
of development, the intestine is still turned inside out, rendering it more accessible to the 
introduction of targeted genetic modifications. 

Enormous potential – a wide range of applications  

The findings of the study show that the new technique can be used to study gene function in 
the intestinal epithelium both during development and in adult animals. In addition, the method 
has the potential to identify genes that have an impact on carcinogenesis, aging, and 
interactions between the microbiome (the bacteria in the gut) and the host. 

The main advantage of this method is that it allows in vivo genetic screens to be performed in 
the undisturbed intestinal epithelium of mice and possibly also in other model organs. Thus, 
all regions of the gastrointestinal tract, including the stomach, small intestine, and colon, can 
be genetically modified and studied.  

What is also significant is that this technique can be applied to other organs derived from the 
endoderm, such as the pancreas, liver, bladder, and lung, so that the method could be 
extremely beneficial in other areas of research as well. The development of this method is of 
great importance for the study of these organs and could particularly accelerate discoveries 
about the biology, function, and development of diseases of the intestinal epithelium. 
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Fluorescence microscope image of cells in the intestinal epithelium. (A) Stem cells in the deep 
crypts at the bottom of the intestinal epithelium (ring-shaped structures) and (B) stem cell-
derived epithelial cells growing upward and enveloping intestinal villi. (Image: FLI / George B. 
Garside) 
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Background information 

The Leibniz Institute on Aging – Fritz Lipmann Institute (FLI) – upon its inauguration in 2004 – was the first 
German research organization dedicated to research on the process of aging. More than 350 employees from 
around 40 nations explore the molecular mechanisms underlying aging processes and age-associated diseases. 
For more information, please visit www.leibniz-fli.de. 

The Leibniz Association connects 97 independent research institutions that range in focus from natural, 
engineering and environmental sciences to economics, spatial and social sciences and the humanities. Leibniz 
Institutes address issues of social, economic and ecological relevance. They conduct basic and applied research, 
including in the interdisciplinary Leibniz Research Alliances, maintain scientific infrastructure, and provide research-
based services. The Leibniz Association identifies focus areas for knowledge transfer, particularly with the Leibniz 
research museums. It advises and informs policymakers, science, industry and the general public. Leibniz 
institutions collaborate intensively with universities – including in the form of Leibniz ScienceCampi – as well as 
with industry and other partners at home and abroad. They are subject to a transparent, independent evaluation 
procedure. Because of their importance for the country as a whole, the Leibniz Association Institutes are funded 
jointly by Germany’s central and regional governments. The Leibniz Institutes employ around 20,500 people, 
including 11,500 researchers. The financial volume amounts to 2 billion euros. For more information: www.leibniz-
gemeinschaft.de/en/. 
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