
Organoids, three-dimen-
sional lab-grown mini 
organs, are used to test 
basic biological theories, 
help scientists find new 
drug targets, and even 
trial a specific patient’s 
responses to particular 
drugs. But despite their 
vast potential, organoid 
models need some 
fine-tuning. Here, James 
Wells, developmental 
biologist and chief scientif-
ic officer at the Centre for 
Stem Cell and Organoid 
Medicine, Cincinnati 
Children’s Hospital, in the 
United States, discusses 
the importance of endo-
crine cells in health and 
disease and his lab’s 
recent advances in 
improving organoid 
function.

Why create and study 
organoids? 

Around 20 years ago, 
when first-generation 
organoids emerged, they 
were astonishing — but 
they lacked several key 
features and functions. 
Today, researchers are 
creating more complex 
and physiologically accu-
rate organoids by incorpo-
rating additional cell types 
that are critical for organ 
function. For instance, 
we’ve added immune cells 
called macrophages to 
intestinal organoids to 
study inflammatory bowel 
disease. Building on that, 
personalized organoid 
diagnostics — where 
organoids are grown from 
a patient’s own cells — 
can help pinpoint the 
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underlying causes of their 
symptoms. Organoid 
technology could also offer 
potential for repairing 
tissues damaged by 
degenerative gastrointesti-
nal (GI) diseases.

What are you 
investigating now? 

I am interested in rare 
populations of endocrine 
cells found in different GI 
organs, including the 
stomach, colon, and 
pancreas. Hormones 
released by endocrine cells 
are fascinating regulators, 
and therefore offer 
tremendous potential as 
therapeutics. Little is 
known about these cell 
populations in the GI tract, 
but we are learning more. 
We know that they secrete 
pivotal hormones 
controlling critical aspects 
of healthy bodily functions, 
from appetite to interac-
tions between the gut and 
brain. Five years ago, my 
lab discovered how 
endocrine hormones 
control nutrient absorp-
tion, and from this we 
could improve dietary 
interventions for chronic 
malnutrition. Our newest 
organoid is a fully func-
tional pancreatic organoid 
that includes the pancre-
as’s intricate ductal 
networks, and this will 
enable us to study pancre-
atitis — a disease for 
which there are no treat-
ments.

Describe a moment in 
your lab that led to a key 
discovery.
 
Most early published work 
on human pluripotent 
stem cells was on two-di-
mensional monolayers of 
cells such as hepatocytes 
or neurons. At that time, 
we were learning how to 
turn human pluripotent 
stem cells into embryonic 
intestinal cells. A postdoc 
in my lab, Jason Spence, 
said he had noticed 
‘debris’ floating around 
our intestinal monolayer 
cultures. Despite skimming 
this debris away, it kept 
recurring. So, we looked at 
it under the microscope, 
and it wasn't debris at all. 
They were these tiny, 
three-dimensional struc-
tures with very 
pronounced organization. 
Around the same time, 
another lab published the 
first adult intestinal 
organoid, created by 
suspending cells in matrix 
gel. We put our mysterious 
structures into a similar 
gel, and they grew into 
embryonic and fetal 
intestinal tissues. For 
weeks, we had discarded 
those crucial structures as 
debris, but as it turns out, 
we were literally throwing 
the baby out with the 
bathwater.  

Is there a memorable 
moment that surprised 
you?

As we started to take 
small steps towards 
building complexity in 
organoids, we were 

progressing slowly; adding 
one cell type here, another 
there. But a student of 
mine, Alex Eicher, wanted 
to take one of our simple 
stomach organoids and 
make them much more 
like an actual stomach. 
Our first-generation 
organoid contained only 
the inner lining — but 
muscle layers, nerves and 
other support tissues were 
missing. Alex added two 
major cell groups at once, 
the ones that form the 
stomach musculature and 
nervous systems. I was 
astonished when she 
brought me the resulting 
organoid several months 
later. She had taken a 
single-layer sheet cake 
and turned it into a 
multi-layered showstop-
per!

The cells had organized 
themselves independently 
into complex, layered 
tissue that was physiologi-
cally like a young stom-
ach. Despite all we had 
done with our early 
organoids, we hadn’t 
factored in the power of 
self-organization in mixed 
cell cultures. It was a 
game-changing moment, 
not just for us but for the 
whole field. 

Why is supporting junior 
scientists important to 
you?   

As a community, we're 
encountering heightened 
external pressures that 
didn’t exist before. Mento-
ring and helping junior 
scientists thrive is more 

important than ever. It’s 
vital to help them under-
stand that their chosen 
career is incredibly 
challenging, and that even 
the most experienced 
scientists, including 
myself, have faced many 
difficulties and overcome 
them. 

We also need to improve 
communication training for 
young scientists. Learning 

to explain what you do in 
lay terms, so that the 
public can understand and 
appreciate your work, is a 
critical skill. In terms of 
my own research field, it is 
vital that we train others 
how to use organoid 
technologies. Gaps in 
training could catastrophi-
cally impact on our ability 
to move much of this 
exciting science forward. If 
there's a brain drain and 

an exodus of trainees from 
the United States, it will 
have long term knock-on 
effects, both in discov-
ery-based research and in 
developing cures. 
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Illustration of lab-grown organoids — miniature 3D models of organs used to study disease and test therapies.
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SPATIAL BIOLOGY BRINGS  
A NEW DIMENSION TO  
PRECISION MEDICINE
Understanding where cells are, who they interact with, and how they organize  
white tissues is uncovering disease at the systems level – opening new  
therapeutic possibilities. 

What first drew you to 
spatial multiomics?

The work in my laborato-
ry had long been focused 
on single-cell multiomics, 
such as proteins, phos-
phor-proteomics, and 
RNA. While profiling indi-
vidual cells can generate 
incredibly rich datasets, it 
was not always clear how 
that information translat-
ed into what was happen-
ing in the tissue itself.
When you looked at 
a tumour biopsy, for 

example, you could see 
immune cells beginning 
to organize into struc-
tured clusters resembling 
lymph nodes, now recog-
nized as tertiary lym-
phoid structures. These 
spatial arrangements 
carry important clues 
about the tumour-im-
mune interface, but little 
attention had been paid 
to how cells were inter-
acting with each other 
within the tumour mi-
croenvironment. Those 

insights were sitting in 
biopsies, waiting to be 
discovered.

How is spatial multio-
mics shaping precision 
medicine?

Biopsies are a long-es-
tablished standard across 
cancer, immunology, 
and inflammatory dis-
ease. The next step is 
moving from two-dimen-
sional tissue sections to 
three-dimensional spatial 
analysis – and the early 

work in 3D multiomics is 
extraordinary and being 
investigated by many 
other labs now.
That shift will change 
how we think about the 
fundamental unit of biolo-
gy. Rather than individual 
cells, the focus will move 
to transient assemblies 
— what I call metacells —
where a biological func-
tion only exists because 
those cells are within a 
few cell-distances of one 
another. This is especial-

Multiplex imaging reveals a spatially organised tumour microenvironment in Merkel-cell  
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ly relevant with dynamic 
systems like the immune 
system and cancer. Once 
that can be captured math-
ematically, you can begin to 
model the system dynami-
cally: remove a component, 
change a variable, ask 
how to destabilize a ‘bad’ 
stable state. That’s where 
completely novel therapies 
will come from. Not from 
targeting a single enzyme 
or protein, but from under-
standing and intervening in 
the system as a whole.

Have any key moments 
in your lab driven spatial 
innovations?

In 2012, shortly after my 
laboratory had co-devel-
oped an advanced sin-
gle-cell mass cytometry 
technique, a soon-to-be 
postdoc came running into 
my office and suggested 
we could adapt it to image 
tissue directly – and that 
led to a new method for 
mapping multiple pro-
teins within intact tissue 
sections1. Later, another 
postdoc asked whether the 
same principle could be 
achieved using fluorescence 
alone, without the mass 
spectrometer. That idea 
evolved into a technique 
that allows researchers to 
visualize and map up to 60 
or more proteins simultane-
ously within a tissue sam-
ple, while preserving the 

exact spatial location and 
context of each cell2.

These high-dimensional 
spatial imaging approach-
es generate vast datasets 
that demand entirely new 
computational approach-
es to interpret. About two 
years ago, a scientist in my 
lab began experimenting 
with large language models. 
It quickly became clear that 
these systems could help 
transform data into mean-
ing — connecting experi-
mental results with the vast 
body of knowledge already 
published in the scientific 
literature. My group has 
since developed AI agents 
that contextualize raw 
biological data, integrate 
insights from multiple dis-
ciplines and present results 
in intuitive, visual ways – all 
within minutes.

What are the biggest 
technical challenges  
facing spatial biology?

A key challenge is integrat-
ing RNA and protein mea-
surements simultaneously 
at sufficient resolution. 
Proteins carry rich spatial 
information, often acting as 
molecular zip codes that re-
veal exactly where immune 
cells are located and who 
their neighbours are. RNA-
based methods currently 
lack the resolution and dy-
namic range of protein-level 
readouts. 

What makes this kind of 
research possible?

My work has always been 
highly multidisciplinary — 
bringing together chemists, 
mass spectrometry experts, 
computational scientists 
and immunologists. I see 
myself less as an immu-
nologist than as someone 
who builds technologies for 
immunology.
I have always stolen my 
inventions from the future, 
by which I mean science 
fiction. It opens your mind 
to possibilities that con-
ventional thinking has not 
yet entertained. Once you 
can picture what could be, 
you can begin to reverse 
engineer it: find the right 
experts, put them in a room 
together, get them excited 
about the idea, and then let 
the collaboration take over.

How do you hope this 
field will impact pa-
tients?

Cancer is an existential mo-
ment. If you have ever had 
it, you know. You wake up, 
and everything is ordinary, 
until you remember. I’ve 
lived that moment many 
times personally, as I carry 
a mutation that predispos-
es me to several cancers. 
I’ve also lost friends to the 
disease. That is what drives 
this work — making cancer 
something people never 
have to think about.
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Scientists have an in-
creasingly detailed lens 
on how cells organize and 
interact within their na-
tive tissue environment. 
This hidden architecture 
is revealing how cells 
work together to shape 
healthy tissue function, 
and how even subtle dis-
ruptions to this complex 
ecosystem can influence 
disease development, 
progression and response 
to treatment. Garry No-
lan, professor of pathol-
ogy at Stanford Univer-
sity School of Medicine, 
California, has spent his 
career at the forefront 
of this field, developing 
many of the tools used 
to uncover these func-
tional networks, with the 
goal of translating spatial 
insight into a predictive 
framework for precision 
medicine.
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