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Organoids — miniature human organs derived from stem cells — have become one 

of the fastest growing fields in biomedical research over the past decade. A wide 

range of tissues, from mini-guts to mini-brains, are becoming available for 

applications ranging from drug discovery to personalised medicine. 

Pharmaceutical companies are using organoids derived from specific tumours to 

screen potential cancer drugs, while gut organoids from cystic fibrosis patients in the 

Netherlands are being tested for their responsiveness to Orkambi, Vertex’s costly 

drug, to decide who should qualify for treatment. 

The key organoid discoveries were, like many advances, the result of researchers 

responding to serendipity. 

In 2008 Toshiro Sato, a postdoctoral researcher working with Hans Clevers in the 

Hubrecht Institute at Utrecht University in the Netherlands, was trying to grow stem 

cells derived from an adult intestine, which had recently been isolated in the 

laboratory. He expected them to grow in a flat layer in the dish but instead found 

that the cells organised themselves into a tiny 3D replica of the gut, including the 

characteristic finger-like protrusions known as villi and the pits known as crypts. 

“We had a hard time getting our paper about the findings published because no one 

would believe it,” Prof Clevers says. Eventually it appeared in 2009, providing a 

blueprint for scientists to produce organoids from adult stem cells taken from the 

body’s epithelial tissues, which make up the lining of organs including stomach, 

kidneys, liver and lungs. 

But some organs lie beyond the methods developed by the Hubrecht Institute 

because they do not contain adult stem cells or epithelial tissues. The most 

important of these is the brain, and here the breakthrough came in 2013 from 

Madeline Lancaster, who was working in Jürgen Knoblich’s lab at the Institute of 

Molecular Biotechnology in Vienna. 

Ms Lancaster, who went on to set up her own lab in 2015 at the MRC Laboratory of 

Molecular Biology in Cambridge, was growing neurons derived from embryonic stem 

cells and induced pluripotent stem cells, which can in principle develop into any 

tissue at all. 

https://www.hubrecht.eu/app/uploads/2017/11/nature07935.pdf


She too was aiming for 2D structures but ended up with the world’s first cerebral 

organoids, pea-sized mini-brains with many of the structures and cell types present 

in an embryo’s developing brain.  

As it turned out, scientists had underestimated the astonishing ability of stem cells to 

organise themselves into specialised tissues outside the body, when provided with 

appropriate nutrients and prompted biochemically by a small number of growth 

factor molecules. 

Today more than 100 labs worldwide are working on cerebral organoids, both to 

help understand how the human brain develops in sickness and in health, and to 

provide a better way than animal models to test the effect of drugs on the brain. In 

August Prof Knoblich and Ms Lancaster co-founded a company called a:head to 

commercialise brain organoids. “Now we can use this system for the development of 

novel central nervous system therapeutics,” he says. 

There has been more commercial activity around the organoids pioneered by Prof 

Clevers and colleagues in Utrecht, derived from epithelial stem cells. “We set up a 

non-profit foundation called Hubrecht Organoid Technology Hub which holds my 

lab’s patents — more than 20 so far,” he says. “In addition to carrying out research, 

Hub offers licences for drug screening and access to organoids in its biobanks for 

pre-clinical drug discovery and validation.” 

One of the most important clinical applications of these organoids is in oncology. 

“Carcinomas derived from epithelial tissues represent 90 per cent of all cancer in 

adults,” he says. 

One of Hub’s collaborating companies in the UK is Cellesce, spun out of Bath and 

Cardiff universities and based in Cardiff. Its technology scales up the production of 

organoids initially mainly for cancer research. 

“Until now growing organoids has been a laborious manual process with 

considerable variability between batches, carried out mainly by specialist research 

labs,” says Mark Treherne, Cellesce chief executive. “We have built a scalable process 

that can be used in applications requiring large numbers of organoids.” 

Cellesce started with colorectal cancer and is moving on to produce breast, lung and 

other mini-tumours, derived with consent from individual patients with known 

medical histories. “We have a dozen customers so far,” Mr Treherne says. “Some are 

using them to screen novel anticancer compounds and some for genetic studies.” 

Organoid science is still a very young field and labs are working to make these mini-

organs more like the real thing. One defect is that they normally lack vasculature — 

the blood vessels needed to provide oxygen and nutrients, remove metabolic waste 

https://aheadbio.com/
https://hub4organoids.eu/
https://cellesce.com/


and facilitate communication between different cell types — which is essential for 

them to mature into fully functional tissue-building blocks. 

Recent experiments show that implanting human organoids into mice can enable 

them to connect to the host animal’s blood supply but this year researchers at 

Harvard University achieved what seems like a better method. 

The scientists stimulated the development of proper vasculature in kidney organoids 

in a microfluidic system that exposes cells to flowing nutrient liquid — a technique 

that could be applied to liver and other organoids, making them even more useful as 

testbeds for new drugs and research into disease. 

No one is talking yet about implanting organoids directly into patients to replace or 

supplement failed organs. More progress will be needed before that becomes a 

reality. 
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