


































































Fertilisation and Embryology Authority 
(HFEA),” he says. “It’s proven to be 
a very robust mechanism.”

Even today, no one has cultured a human 
embryo beyond 13 days, albeit as much for 
technical as for ethical or legal reasons: after 
a week, a human embryo normally implants 
into the womb. An isolated lab‑grown 
embryo starts to diverge after this point, 
making it hard to trust experimental 
results. As a result, using this method to 
study the events in the ‘black box’ has been 
largely impossible. 

But if the arrival of IVF embryos was 
one revolution, another was also brewing: 
stem cells.

The stem‑cell revolution
First identified in mice’s bone marrow 
in the 1960s, stem cells can morph, or 
‘differentiate’, into another type of cell 
as they divide. Those found in specific 
tissues help the body grow and repair itself, 
but these adult stem cells can only replenish 
the tissue in which they reside. 

Then, in the early 1980s, researchers 
discovered cells in early‑stage mouse 
embryos that had an innate ability to 
renew themselves indefinitely, and 
also differentiate into any cell type – a 
phenomenon called pluripotency – and 
by 1998, researchers had created the 
first human embryonic stem‑cell line 
– opening up entirely new avenues of 
research. “We could finally study these 
cells and explore what makes them tick,” 
says Naomi. Soon, researchers began to 

reveal the intricate choreography of gene 
activation and cell communication driving 
early development.

Then, in 2007, another breakthrough: 
scientists discovered how to reprogram 
ordinary adult cells into pluripotent 
ones. These ‘induced’ pluripotent stem 
cells didn’t come from hard‑to‑obtain 
IVF embryos, so researchers didn’t 
need an HFEA licence to create them. 
It democratised stem‑cell research, rapidly 
spreading new methods around the world. 
And since they could be derived from 
patients with inherited diseases, this field, 
in particular, was transformed.

Soon, scientists had discovered 
chemical cues that pushed stem cells to 
specialise in different ways, and were 
coaxing them into miniature 3D tissues. 
Called organoids, these miniature 
lab‑grown replicas of organs such as 
the gut, brain and kidney have become 
invaluable tools for studying conditions 
such as Alzheimer’s and cancer.

As organoid research flourished, 
researchers began to wonder: what if, 
instead of steering stem cells towards 
organs, they were allowed just to run 
their innate developmental programmes? 
Could a more ‘hands‑off’ approach replay 
life’s opening moments – and further 
illuminate the black box?

Cells that organise themselves
“The embryo‑model field, and the techniques 
we use, grew out of the organoid field,” 
says Naomi. 

The first basic models were developed 
around a decade ago. In one landmark study, 
researchers in New York persuaded human 
embryonic stem cells to self‑organise 
into concentric rings representing the 
three layers characteristic of gastrulation. 
Around the same time, a team in Cambridge 
grew mouse cells into what they called 
‘gastruloids’ – tiny, self‑organising, 3D 
structures that spontaneously ‘broke 
symmetry’, developing a left, a right; a front 
and back; a top and bottom. 

Soon, researchers around the world were 
adapting these techniques to model a range 
of developmental processes: the field of stem 
cell‑based embryo models had been born. 

“Essentially, to make an embryo model, 
we take pluripotent stem cells growing in a 
flat layer, lift them up and dissociate them,” 
says Naomi. After adding chemicals to 
help them survive, “we put a small number 
– about 400 – in a little round‑bottomed 
well, and, with the right conditions, they 
clump together ... and then we let them do 
their thing.”

By tweaking the conditions, or number 
or type of cells, researchers can replay 
different sequences from within that missing 
four weeks. Hundreds of variations of these 
models now exist, capturing processes 
ranging from pre‑implantation development 
to early organ formation – all driven by the 
cells’ own self‑organisation.

At the Crick, Naomi’s lab focuses on 
two longstanding biological mysteries: 
how the cells that form our sperm and 
eggs – germ cells – first arise; and how the 
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embryo develops its segmented backbone 
– a process that goes awry in certain 
congenital conditions.

The origin of sex
“Primordial germ cells appear very early,” 
Naomi says. “In a sense, they’re the most 
important cells in the embryo – the only 
ones that pass life on.” 

As they develop, these cells migrate 
along the embryo’s nascent gut tube, 
or endoderm, to its gonads. Here, they 
somehow ‘read’ signals coming from gonad 
cells and – depending on whether they’re 
destined to be testes or ovaries – develop 
into sperm or eggs. 

Naomi is using mouse gastruloids 
to probe how germ cells arise, migrate 

and interact with surrounding tissues. 
“It’s a very simple model, and develops 
over time in a similar way to a mouse 
embryo,” she says. Crucially, they’ve shown 
that gastruloids spontaneously generate 
early germ cells, which then interact with 
endoderm tissue, and this is helping them 
identify the molecular signals involved. 

As is so often the case, the mouse is 
a staging post to probe human biology. 
“It’s not at all clear yet where our own germ 
cells come from, nor how they mature,” 
she says, “so we’re laying the foundation 
in the mouse before making the jump into 
human models”. 

Ultimately, such insights could 
transform fertility treatment – perhaps 
even bypassing today’s invasive 

egg‑retrieval procedures. “Could we one 
day simply make hundreds of eggs from 
someone’s skin cells?” she muses.

Growing a backbone
It seems like a basic question: how does 
a backbone form? Yet, while scientists 
understand the process in simpler 
organisms, it remains largely mysterious 
in mammals. 

Naomi is using embryo models to 
unpick this process, called somitogenesis 
– a major transformation occurring at four 
weeks, in which regular blocks of tissue 
called somites spontaneously form along 
the embryo’s back. 

These form a repeating pattern that will 
become our spine and associated muscles. 

A ‘human trunk‑like 
structure (hTLS)’ – an 
embryo model used to 
study how the spine and 
other features develop. 
Different cell types are 
tagged with coloured 
antibodies, revealing 
their identities.
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After initial work with mouse gastruloids, 
Naomi’s team recently developed human 
stem‑cell models, including some they’ve 
called human trunk‑like structures, 
or hTLSs. These have offered a window into 
the interactions between somites and other 
developing structures, such as the neural 
tube, the precursor to the spinal cord.

“We’re now unpicking the signalling 
between these vital structures as they 
form,” she says, and next aims to see 
whether maintaining the models for longer 
– “currently just five or six days” – will allow 
them to see the arrival of precursors to 
muscle cells.

Regulating the unregulated
In Naomi’s office hang three historical 
paintings of early human embryos – a 
reminder that developmental studies have 
advanced human health in tangible ways, 
from IVF to the discovery that folic acid 
prevents spina bifida. Future benefits, 
Naomi says, could include insights into why 
miscarriages occur, and into rare diseases, 
and congenital abnormalities such as 
heart defects. 

Ethical questions are never far from the 
discussion, yet public attitudes evolve when 
the medical stakes become clear – IVF faced 

opposition until it helped infertile couples; 
stem‑cell research gained acceptance as 
its therapeutic promise emerged. Effective 
regulation, born of well‑conducted dialogue 
between scientists and the public, has 
provided confidence that research is ethical, 
while also helping guide researchers’ work. 
And broadly speaking, Robin and Naomi 
agree that, so far, the UK has got regulation 
about right. 

“The 1990 HFE Act has had several 
updates – one in 2001 to cover stem cell 
and cloning research,” says Robin, “plus a 
major 2008 overhaul to extend the types 
and purposes of research that could be 
undertaken, including genetic alterations, 
as well as changes around clinical treatments 
and patient care.”

But recent advances, such as embryo 
models, mean another update is needed. 
There is a governance gap, Naomi points 
out. “While human embryo research is 
very heavily regulated, there’s currently 
no legislation, anywhere in the world, 

specifically for embryo models – and no 
legal reason to stop experiments reaching 
stages that might raise ethical concerns.”

The principle underpinning the 14‑day 
limit in embryos, she says, has been hugely 
helpful: it set a publicly agreed, biologically 
relevant marker that was – at the time – far 
ahead of what was possible technically. 
“It stopped the clock before you have to 
worry,” she says. 

For embryo models, the solution so far 
has been voluntary self‑regulation through 
guidelines, including those produced by 
the highly respected International Society 
of Stem Cell Research. These are broadly 
agreed to be well thought‑through and 
reasonable. However, such is the speed 
of progress, that they too have struggled 
to keep up. A 2021 update covering embryo 
models was followed swiftly by another in 
2025. Nevertheless, these guidelines are 
broadly maintaining ethical standards. 

“Although they have no teeth in law,” 
says Robin, “most scientists want to be 

Post-gastrulation amnioids (PGAs) form 
amniotic sac-like structures visible to the 
naked eye.

More than a cushion
While many stem cell models focus 
on the embryo itself, others model 
structures vital to support its 
development, such as the protective 
bubble that cushions the embryo – the 
amniotic sac.

In recent work, Crick researchers 
led by Silvia Santos grew stem cells 
into amniotic sac‑like structures, 
allowing them to study how it forms, 
and whether it plays an active role in 
embryonic development.

“The amniotic sac has been 
classically seen as playing more of a 
passive role,” says Silvia. “But recent 
evidence has challenged this paradigm. 
We now suspect it does much more.”

The team created these structures, 
called ‘post‑gastrulation amnioids’, or 
PGAs, by exposing embryonic stem 
cells to a simple two‑step combination 
of chemical signals. This prompted 

the cells to develop into a distinctive 
two‑layered structure, with an inner 
ectoderm and an outer mesoderm layer, 
just like an amniotic sac. 

“When we investigated the fluid 
inside the sac, we were encouraged to 
see that it contained about 60% of the 
secreted factors that exist naturally in 
the human amniotic sac,” she says.

The discovery upends conventional 
wisdom. When Silvia’s team cultured 
PGA cells alongside untreated 
embryonic stem cells, the supposedly 
passive amnion altered how the 
embryonic cells behaved. Far from 
merely cushioning the embryo, the 
amniotic sac appears to be coaching it – 
sending molecular signals that actively 
promote development. The bubble, 
says Silvia, might be doing more than 
protecting the embryo – it could be 
helping shape its development.

Science moves much faster than 
we can change the law, so the Act 
desperately needs to be updated.”
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respected by their peers, while journals 
and funders can insist that you follow 
guidelines.” Recently, both Robin and 
Naomi have proposed new frameworks for 
regulating embryo model research, guided 
by ethical principles, including that no 
model should ever develop the ability to 
experience sensory input such as pain.

It is clear, however, that the UK’s HFE 
Act needs another overhaul. “Science 
moves much faster than we can change 
the law, so the Act desperately needs to be 
updated,” says Robin. Policymakers I talk 
to are definitely engaged and very willing to 
take this all on, but we’re a bit frustrated at 
the pace, because it first needs to be opened 
up by government, and currently their 
attention appears to be elsewhere.”

Naomi agrees: “No scientist wants 
to push beyond the boundaries of 
acceptability,” she says. 

That said, she is very clear about what 
stem cell‑based embryo models are not� 
“These aren’t yet embryos,” she says. 
In her own research she uses relatively 
simple models that would never be able 
to grow into a fetus. Even more complex 
models are, at the moment, a long way 
from being able to develop further. 

As a result, discoveries made with 
current models need careful validation in 
real embryos to be sure they’re genuine 
discoveries, rather than artefacts of that 
particular system. As Naomi says, quoting 
German embryologist Viktor Hamburger, 
“the embryo is always right.” 

But this need for validation focuses 
attention back on the 14‑day rule, and to 
embryos themselves, which researchers 
are gradually learning how to keep 
growing in the lab with greater fidelity. 
Consequently, many – including the 
HFEA itself – are starting to consider 
whether the 14‑day limit itself needs 
to be carefully reconsidered. 

“So far, the public broadly supports 
both embryo models, and extending the 
14‑day rule – with some crucial caveats,” 
says Robin. 

“Researchers need to be asking 
important scientific questions that we can’t 
answer by other methods – and we need 
to use as few embryos as required to give 
statistically valid results.”

Both experts agree that, thanks to public 
engagement work to date, researchers in 
the UK have the benefit of strong public 
backing. Retaining this, through effective 

dialogue and regulation – particularly 
with harder‑to‑reach groups – is vital as 
science advances. 

A key point for Robin is that any 
future regulatory set‑up retains as much 
flexibility as possible. “We don’t know 
where the science will lead, nor how fast 
– but what’s certain is that progress will 
happen faster than the ability to legislate,” 
he says. 

Clearly, there are some big, society‑level 
discussions to be had. But do we have 
the tools and understanding to make 
these decisions? 

Reflecting on her own experiences of 
pregnancy, Naomi recalls apps comparing 
the size of a growing baby to an orange, 
or a watermelon, and the anatomy of the 
embryo at those stages – but never the early 
disc of cells as it folds into human form. 
“It does make me wonder whether people 
currently have the tools to understand 
what an embryo is at 14, or 20, or 25 days,” 
she says. 

As researchers gain unprecedented 
power to model these hidden stages, 
public engagement will need to catch up. 
The science is racing ahead. The question 
is whether the rest of us can keep pace. 

Postdoctoral research scientist 
Ignacio Rodriguez Polo imaging a 

3D embryo model using advanced 
microscopy techniques.
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A member of the Crick’s board of trustees, 
Kate Bingham studied biochemistry at Oxford 
University before embarking on a career developing 
early‑stage biotech companies. Since joining 
SV Health Investors in 1991, she’s helped build 
numerous start-ups, resulting in the launch 
of six new drugs for conditions as diverse as 
inflammatory and autoimmune disease and cancer. 
Kate spends weekends at her home in Wales.

My younger self would be amazed at my focus on 
science, and on maths in finance. Back then I had little 
interest in either, and the only subject that really captivated 
me was the environment. When I was at primary school, 
I even wrote – secretly – to various nature reserves and 
requested information. Delightfully fat envelopes soon 
arrived by post. The one thing that has not changed is 
I am impulsive and just get on with things. Why wait?

My first encounter with capitalism was 
in 1987, as an undergraduate at 

Oxford, studying biochemical 

pathways at the time Genentech’s “clot‑busting” tPA 
drug – one of the first to be produced using recombinant 
DNA technology – got approved. I remember just thinking, 
“Wow! You can turn what you learn in lectures into 
something that can actually help patients.” That was a 
big deal. I also worked in the John Radcliffe Hospital in 
Oxford, which at that time did not win a race to identify 
a cystic fibrosis gene. That gave me a glimpse of the tough 
competition between labs.

I wanted to turn my understanding of science into 
building businesses, so I applied for business school at 
Harvard. Then I landed an intern job with Vertex on a 
complete flyer and it was thrilling because I was only the 
third business hire. My role was to do whatever it took to 
stop their senior scientist, an X-ray crystallographer, being 
distracted with his new invention. 

So I had to figure out – pre-internet – whether it was a 
valuable, and patentable invention and how to develop it. 
The start-up biotech environment was electric – people 
would work around the clock, share beers on a Friday 
afternoon and compete in biotech softball leagues. 
That was the turning point: I realised this is really fun.

I wanted to turn 
my understanding 
of science into 
building businesses.”

“

Venture capitalist Kate Bingham led the UK’s 
Vaccine Taskforce during the COVID pandemic.
She shares lessons from her 30-year career, 
including her inspirations, her advice on working 
with government, and building tree houses.
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There’s more than one change needed to transform
UK life sciences. We have inadequate growth funding in 
the UK to support innovative new biotechs taking their 
drugs into later-stage clinical trials. Right now, the UK is 
desperately bad at running rapid clinical trials, and it’s 
not because of the clinical researchers, who are fantastic, 
it’s because of the UK’s institutional structures. People run 
clinical trials despite the system – as highlighted nearly 
three years ago in Lord James O’Shaughnessy’s report on 
UK commercial clinical trials. 

The Crick is doing a great job in translating their science, 
but they could bring in more entrepreneurs-in-residence to 
help accelerate the Crick’s scientific discoveries into new 
companies and medicines even faster.

There are two bench-to-bedside pathways that excite 
me most right now: the first is a regenerative pathway 
called Wnt signalling in age-related macular degeneration, 
a major cause of vision loss. Wnt drives tissue renewal, 
and at SV we’ve co-founded a company to exploit this by 
developing a Wnt-based drug to restore the leaky retinal 
barrier, preventing vascular leakage which causes blindness. 
We sold the company to Merck for $3bn in 2024 and they 
are now in their second pivotal trial.

I am also really interested in tertiary lymphoid 
structures, TLSs, essentially mini lymph nodes that form 
in solid tumours. While cancer immunotherapy has 
focused on checkpoints and rescuing exhausted T cells, 
TLSs might offer a way to recruit fresh immune cells 
directly into tumours. One of my companies is developing 
a bispecific antibody to induce TLSs as a new approach 
to cancer therapy.

Brilliant and 
energetic 
people can’t 
compensate for 
a weak idea.” 

“

Lead research nurse 
Vash Deelchand gives 

a demonstration of the 
vaccine trial process as 

Kate Bingham starts her 
Novavax trial at the Royal 

Free Hospital, London in 
October 2020.
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Picking winners takes a bit of everything. 
Ultimately, it comes down to the strength of the scientific 
idea. It must be fundamentally novel and impactful. 
Brilliant and energetic people can’t compensate for a weak 
idea. There is a VC mindset: focus on the goal, get through 
roadblocks, build the best possible team, and manage 
risk. The most important thing is to work collaboratively 
with superstar founders and management. The habit to 
resist is not to fall in love with your babies. It’s always 
easier to throw good money after bad when milestones 
slip than it is to stop funding and turn the lights off. 
Staying disciplined and focused on the goal is critical.

I spent 24 hours coming up with all the reasons why 
I couldn’t lead the Vaccine Taskforce. I got a lot of lip 
from my husband and daughter who were adamant I should 
say yes. I thought it was crazy: I’m a drug person; vaccines 
are entirely different: you give them to healthy people and 
the effort was more likely to fail than succeed. However, my 
husband helped me define the conditions on which I would 
accept the role, including reporting directly to the PM, 
a six‑month mandate, my own team, and a commitment 
to make quick decisions with a ring-fenced budget. 
The government honoured all of that. If I hadn’t agreed 
those conditions, it could have been a car crash.

The biggest surprise of the pandemic to me was 
the foresight of the BioIndustry Association (BIA) 
Bioprocessing group, who’d begun assembling a skeleton 
supply chain for vaccine manufacturing as early as February 
2020. They correctly recognised that if vaccines were 
proven to work, to be rolled out quickly the UK would 
need a scaled-up manufacturing capability ready. So they 
brought together companies and academics, without any 
contracts, guarantees or government funding and set 
aside commercial projects to make this happen. That is a 
massive, massive achievement. I’ve not seen that level of 
selflessness from industry anywhere else in the world.

In contrast, the government approach, especially the 
civil service, is all about process rather than outcome.

The private sector says: this is what we’re trying to 
achieve and let’s figure out how to achieve it, yet Whitehall 
seems focused on following the rules and consensus 
decision making to avoid criticism. In the pandemic, 
the government brought in this external group of private 
sector people, including me to lead the Taskforce, and we 
were able to cut through the time-consuming bureaucracy.

When I’m under pressure, I just get out and exercise, 
ideally outside. Whether it’s mountain biking or horse 
riding or running on the hills, I have to be outdoors 
somewhere green and get my heart rate up. After that, 
I’m very happy. It is a habit I learned from my dad, and no 
matter what he was doing, from being a barrister to a senior 
judge, he would always would go for long walks and dig the 
vegetable garden, even in the worst weather.

I’m always optimistic because life’s too serious not 
to be. This is the most exciting time in science. Think of 
the innovations that we couldn’t even imagine 10 years ago. 
Billions have now received mRNA vaccines. We’ve got 
cancer vaccines – even Alzheimer’s vaccines in trials. 
We have GLP-1 (glucagon-like peptide-1) medications that 
are transforming obesity care and we’ve got dementia drugs 
now that are starting to work. AI is unquestionably going 
to accelerate the speed and improve the success of getting 
new drugs to market. Why wouldn’t you be optimistic?

When you’re a kid, you think your grades always need 
to be perfect. That is not true. You’re judged by what you 
do, not your exam results. You’re judged by what you can 
contribute, not a flawless CV. 

When it comes to who has inspired me, it has to 
be Rosalind Franklin. She is best known for her X-ray 
crystallographic work which was central to revealing 
the structure of DNA. But her contributions went far 
beyond that. Her structural insights on plant RNA viruses 
laid the groundwork for understanding the polio virus 
structure. Her short life combined exquisite science with 
extraordinary resilience – she refused to be diminished by 
her detractors. And of course, as you’d expect, my greatest 
inspirations are my family.

The best decisions often start with someone saying: 
‘You must be joking.’ We have a cottage in a deep Welsh 
valley. I decided that it’d be a great idea to build a tree 
house at the top of this very, very steep hill and build a 
100m zip wire. Everybody thought I was completely crazy, 
but it has been the best thing ever. 

The best decisions  
often start with  
someone saying:  
‘You must be joking.’”“
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At first glance, the Crick’s Making Lab looks similar 
to the other 200 labs in the building. But look closer, 
and unexpected items reveal themselves: on one side of 
the lab, a board of tools, wires and circuit boards; on the 
other, scientific cupboards called ‘fume hoods’ that 
contain miniature plumbing, or microfluidics; at the back, 
3D printers that pump out collagen instead of plastic. 

The seven‑strong team, led by former industrial engineer 
Albane Imbert, encompass a huge range of technical skills 
– from bioengineering to robotics – united by a keen interest 
in applying these skills to biological questions. 

Together, they form one of the Crick’s 19 ‘Science 
Technology Platforms’, teams of specialists who provide 
the Crick’s wider research labs with expertise and support 
in everything from genomics to structural biology.

“Researchers come to us with very specific problems 
that are halting their ability to progress,” says Albane. 
“We help them tackle these challenges by applying 
existing technologies in new ways or by building 
innovative, bespoke devices. Often, this means asking 
the scientists to think about their experiments a bit more 
holistically to open doors for creativity.”

As well as inventing bespoke solutions to current 
research challenges, Albane’s team run their own projects, 
aiming to pre‑empt the kinds of questions scientists 
might have in the future. “We’re constantly thinking of 
new ways to use the state‑of‑the‑art kit in the lab, so we 
can offer alternative approaches, enabling researchers 
to overcome limitations and even tackle questions from 
a completely new perspective,” she says.

From recreated mini organ systems to 3D‑printed 
‘behavioural arenas’ for fruit fly larvae, the following 
three snapshots take a deep dive into how the Making 
Lab’s bespoke designs answer challenging biological 
questions or democratise existing technologies.

Team lead 
Albane Imbert, 
cell biologist 
Christina Dix 
and bioengineer 
Ross Burdis in the 
Making Lab.

The seven-strong team of inventors taking 
on the toughest scientific challenges.

MISSION: 
POSSIBLE
Clare Green
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Making Lab member Federico Nebuloni is an expert 
in microfluidics, which he describes as ‘mini plumbing’: 
manipulating tiny amounts of fluid in small channels. 
He applies this principle to an emerging technology called 
an ‘organ‑on‑a‑chip’, a miniature model that recreates 
an organ function. “The recapitulated organ system fills 
an area on a slide roughly the size of a pound coin,” he 
describes. “And it can be developed from cells taken from 
a specific patient to see how their genetics influences 
organ function.”

This technique caught the attention of researchers 
Paola Bonfanti and Julia Rodrigues, who work in the Crick’s 
Epithelial Stem Cell Biology and Regenerative Medicine 
lab, where they study the lining cells, or epithelia, that 
coat organs such as our oesophagus or airways. These are 
often the first line of defence against infectious bugs 
trying to get inside.

They are particularly interested in the genetic condition 
cystic fibrosis, where people can’t clear mucus in the 
airways, leading to repeated infections. Although gene 
therapy, replacing the faulty genes causing the disease, 
holds promise for long‑term treatment, the biggest hurdle 
lies in how to deliver a therapy to specific cells. 

“Ideally, gene therapy for the lungs would be inhalable,” 
says Paola. “But there are huge challenges in delivering a 
drug via the airways, which act as a physical barrier to stop 
things getting into the lungs. There are strong immune 
defences against pathogens, and thick mucus that could 
prevent medication from being absorbed.”

Traditionally, drug development involves work with 
animals, but as their airways can differ from our own, 
including during disease processes, Paola and Julia took 
advantage of Federico’s expertise, working together to 
develop an airway‑on‑a‑chip device. “The device contains 
two compartments separated by a thin membrane, 

one with epithelial cells that line the 
outside of the airways and one with cells that 
line the blood vessels surrounding the airways, 
called endothelial cells,” explains Federico.

Epithelial stem cells are added to the top chamber; 
upon exposure to instructive signals, these cells can then 
become any of the diverse cell types of the airways. “In the 
epithelial layer, this includes mucus‑producing cells and 
cilia, hair‑like projections that beat to trap and move 
mucus,” adds Julia.

The organ‑on‑a‑chip is also integrated into a circuit 
of channels that continuously supply nutrients to the 
cells, mimicking the way the bloodstream feeds tissues. 
The chip’s meticulous design allows cells to be monitored 
in real time using high‑resolution microscopy.

“We can create the chips using healthy cells or cells 
with cystic fibrosis mutations, which end up producing 
a lot more mucus,” explains Julia. “Then we can see 
whether further genetic editing has an effect on mucus 
production or cilia beating.”

For Paola, the new device opens doors for studying 
a whole range of diseases affecting barriers like the 
airways, from lung cancer to asthma to respiratory 
infections, especially as the models can be generated 
with patient‑derived cells that contain specific mutations. 
“We could even flow through particulates found in the air 
to see how pollution impacts our airways, and if certain 
mutations make this better or worse,” she says. 

Aiming to work closely with the pharmaceutical 
industry to produce the chips at scale, Paola and 
Julia believe it’s a prime example of the exciting new 
technologies coming online that could help reproduce 
human diseases in an accessible way, and reduce 
the number of animal studies needed before drugs 
enter clinical trials.

JULIA AND FEDERICO
Building miniature airways 
to test new therapies 

CASE STUDY
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Lab lead Petr Znamenskiy is interested in brain circuitry 
to understand how animals perceive and navigate their 
environment, especially through vision.

Brain circuits in the visual cortex are made up of 
tens, if not hundreds, of cell types, and Petr is interested 
in where exactly each cell type is found in the circuit. 
Using a technique called ‘spatial transcriptomics’, his team 
can record gene expression in brain cells in a 3D tissue 
sample. By studying these patterns directly from the tissue, 
the location of cells and genes is preserved like coordinates 
on a map. 

Petr uses a spatial transcriptomic technique called 
BARseq , which involves tagging transcripts – the molecular 
message from the gene being expressed – with a coloured 
dye, one letter at a time. Each transcript eventually receives 
its own colour barcode, which can connect its identity 
and location.

Alex Becalick, a member of Petr’s team, started using 
BARseq during his PhD to map how neurons carrying visual 
and other sensory information communicate. 

“It’s an incredible technique, but it’s a very manual 
process,” he explains. “We have to image the tissue using 
a microscope, take it off to add chemicals to stain an 
individual ‘letter’, image again, add more chemicals … and 
so on.”

Partly to speed up their own work, and also to make 
the technique accessible to other labs at the Crick, 

Petr and Alex knew they needed to automate this arduous 
process so that barcodes could be read quickly and 
cheaply. They reached out to bioengineer Simon Tupin 
in the Making Lab. 

“We designed an automated system where the 
tissue slide stays put on the microscope, and a syringe 
pump dispenses chemicals before the tissue is imaged, 
and that step is then repeated over and over again,” 
Simon describes. “One of the main benefits is that the 
slide doesn’t leave its spot, so the images don’t get 
misaligned, which was an issue with doing this manually.”

Press ‘go’ and the system runs overnight, controlling 
temperature with a heated plate. Just eight chemicals are 
used to sequence barcodes for all cell types in the tissue. 

“It’s been a game‑changer, giving time back to analyse 
the results,” says Petr. “It also democratises spatial 
transcriptomics by lowering costs and technical barriers. 
It’s 50 times cheaper than commercially available 
systems, allowing us to ask questions and do experiments 
that wouldn’t have been possible otherwise.”

The automated BARseq equipment now sits in the 
Crick’s Light Microscopy facility. “We make a lot of our 
developments open access,” says Simon. “So, in theory, 
anyone should be able to set this up. We’re hoping that 
research teams in other institutions could now consider 
using a technique often seen as too time‑intensive 
or complex.”

PETR AND SIMON
Automating 
brain‑mapping 
techniques
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“I knew when I started at the Crick, I needed something 
bespoke,” reflects neuroscientist Michael Winding, 
describing his ambitious goal to map the millions of nerve 
connections inside fruit fly larvae brains as they work 
together to access food. 

Before setting up his lab here, Michael worked 
on a decade‑long project to map the fruit fly larvae 
brain – a huge feat of engineering in a field known as 
connectomics. At the Crick, he’s continuing to use larvae 
to study brain circuits behind social behaviour.

“Larvae forage together, digging into the food to 
eat as much as possible,” he says. “They have to come 
up for air, or they’ll suffocate in the food, so working 
together to dig a bigger hole allows them to access more. 
We’re interested in the brain networks behind this learnt 
behaviour, and what situations cause it to fail.”

Studying this cooperative behaviour meant finding 
a way to watch and record larval behaviour continuously. 
Michael originally used a smartphone to record 
larvae sandwiched between two microscope slides, 
which worked, but wasn’t very easy to repeat. So, he 
approached Xavi Cano Ferrer, an engineer in the Making 
Lab, with some drawings in a notebook to see if he could 
make something unique.

“I used 3D printing to build Michael a behavioural 
arena, known as a ‘rig’, which contains larvae in a 
flat environment, limiting the probability of larvae 

overlapping and making tracking them much easier,” 
explains Xavi. “The camera sits on top of transparent 
panels, constantly recording and storing the data so 
Michael and team can analyse the larvae’s behaviour.”

But Michael didn’t just need one rig; he needed 
dozens. By design, Xavi’s blueprint could be printed again 
and again, each rig with the same dimensions. In his lab 
now, about 350 rigs sit in a customised incubator or in a 
tailored shelving unit also designed by Xavi. Everything 
has been thought through, down to a signalling system 
using different coloured LEDs, a temperature control 
system which takes into account heat from the cameras, 
and a clever cable-management system. 

“The rigs even need their own Wi‑Fi network,” 
says Xavi. “That’s probably a situation our IT team 
weren’t expecting.”

The rigs’ adaptability allows Michael’s lab to explore 
many different research questions. “One line of work 
involves inactivating specific neurons in a larva’s 
brain using genetic tools, to investigate the impact 
on individual digging behaviour and group dynamics,” 
he explains. “Another involves social isolation – if you 
isolate a larva from birth, it can’t dig cooperatively 
in groups anymore. We’re interested to see how this 
changes brain circuitry.”

In the isolated larvae, Michael is exploring activating 
neurons in the brain with light, in a technique called 
optogenetics, to see if he can restore the digging behaviour. 

“We know that people display both cooperative and 
competitive behaviour, but the underlying brain circuitry 
behind sometimes quite intricate behaviour isn’t well 
known,” Michael says. “We can’t investigate this directly 
in humans, but we’re hoping to learn the underlying 
principles from a simpler, but still interesting, animal.” 
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XAVI AND MICHAEL
Monitoring fruit fly 
larvae at scale 
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