
 

Study validates organoids as tool for studying
fetal intestine development
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Top row shows microscopic slides of fetal human intestine over time. Bottom
row shows organoid development after transplantation in mice. Arrowhead
indicates villus formation, * indicates formation of a new layer of muscle, arrow
indicates crypt development. Circular muscle forms at GW8 and tHIO 2wk,
longitudinal muscle forms at GW11 and tHIO 4wk, and muscularis mucosae
forms at GW 13 and tHIO 6wk. Credit: Cincinnati Children's Hospital

Developmental biologists have learned a great deal about how the human
digestive tract functions through many years of studies involving fish,
frogs, and rodents along with detailed explorations of individual human

1/4



 

cells. But nothing quite matches the learning that could be achieved from
studying actual human organ systems as they form. 

Yet for obvious reasons, running experiments on growing human fetuses
is both unethical and illegal. 

Now a study led by researchers at Cincinnati Children's, published online
April 18, 2023, in the journal Development, reports that lab-grown
tissues called organoids accurately mimic key development stages of the
human intestine. 

"Achieving this step is important because we know that many human
conditions cannot be duplicated in animal models, nor can we learn
everything we want to know from studying human cells that are not
functioning together as a system. Now we have a source of functioning
tissue that can be interrogated in many ways without involving any fetal
tissue," says the study's corresponding author, Michael Helmrath, MD. 

Helmrath is the director of surgical research at Cincinnati Children's and
co-director of the Center for Stem Cell and Organoid Medicine
(CuSTOM). He has been working for more than a decade to study and
improve intestine organoids for use in research and potentially for
human transplantation. 

In 2010, a team led by James Wells, Ph.D., at Cincinnati Children's
successfully used induced pluripotent stem cells to develop the world's
first functional human intestinal organoid. Wells, Helmrath and
colleagues have been improving upon the model ever since, adding
complexity by incorporating both the enteric nervous system and 
immune cells to reproduce the human intestine. 

In their latest study, Helmrath, first author Akaljot Singh, an MD/Ph.D.
student, and 11 co-authors show that organoids transplanted into mice (to
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provide a blood supply and room to grow) follow the same temporal and
spatial developmental steps that occur as intestines growing in a human
fetus. 

The team used RNA sequencing and other technologies to track the
formation of specific cell types and key tissue structures grown for four
weeks in a dish and then harvested at two, four, six, and eight weeks post-
transplant. They show that the organoids in mice mimic human
development that occurs from eight to 18 gestational weeks. 

"Our findings suggest that tHIOs (transplanted human intestinal
organoids) are a proxy for studying the development of the human fetal
intestine. They mimic human fetal intestinal development on a
morphological level, transcriptional level, and proteomic level," the study
states. 

Why are intestine organoids important?

Our intestines do more than help digest our food. They play a central
role in our immune response to harmful invaders. They also host
populations of commensal bacteria and fungi that influence our immune
responses and our metabolisms. 

Understanding more precisely how and when intestine development goes
off-track could shed new light on many conditions, including birth
defects, digestive disorders, obesity, and allergy risk. Both healthy
intestinal organoids and versions exhibiting disease conditions can serve
as improved test platforms to evaluate the safety and effectiveness of
virtually any oral medication for any health problem. 

Next steps

More research is needed to validate the organoid development model for
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certain subpopulations of cell types that were difficult to analyze in this
study, Helmrath says. 

But with the concept established that human organoids growing in mice
can serve as a proxy for fetal development, Helmrath predicts a wave of
studies to begin using them. 

"This study has already identified several cell populations of interest that
appear to play roles we did not recognize previously, including cells that
appear to help guide muscle contraction, villi formation, and vascular
development," Helmrath says. "In the years to come, we expect tHIOs to
support many more discoveries from many labs around the world." 

  More information: Akaljot Singh et al, Transplanted human intestinal
organoids: A resource for modeling human intestinal development, 
Development (2023). DOI: 10.1242/dev.201416
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