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Comité scientifique Pro Anima : Can you kindly give 
us an overview of who you are and how you became 
the founding director of the prestigious Wyss Institute?

Pr Don Ingber : I am Don Ingber, founding director of 
the Wyss Institute for Biologically Inspired Engineering 
in Harvard, and a chaired professor at both Harvard 
Medical School and its School of Engineering, as well as 
at Boston Children’s Hospital for 40 years now. I have 
a Doctorate of Medicine and of Philosophy from Yale. 
I am a cell biologist PhD but I got into bioengineering 
very early on because of my interest and belief that 
mechanical forces are as important for biological 
control as chemicals and genes. Now, it is called 
mechanobiology. I soon realized I had to develop 
new technologies to demonstrate the central role of 
physical forces, and to collaborate with physicists, 
engineers, chemists, and computer scientists to fully 
address this challenge. 
In 2005, I was asked by the provost of Harvard University 
to co-chair a committee to envision the future of 
bioengineering across the university and its affiliated 
hospitals. Engineering has transformed medicine and 
industry over the last 50 years by applying engineering 
principles to solve problems in these fields. Based on 
how much we have learned about how Nature builds 
from the nanoscale up, we felt that we could flip the 
paradigm by now leveraging biological principles to 
develop new engineering innovations. And that was 
the basic concept, what we call “biologically inspired 
engineering”. The institute, founded in 2009, is primarily 
a translation institute, aiming at having near-term 
impact. Not only do we make breakthrough discoveries 
and develop new technologies, but also we have 
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developed a process for de-risking these technologies 
technically and commercially to accelerate their 
translation towards commercialization. One of our key 
measures of success is intellectual property creation. 
Our institute, with only about 12 core faculty members, 
is now responsible for over 20% of all of Harvard’s 
patents and startups every year. So it has really been 
an incredible adventure.

Pro Anima : Could you give us more insight on the organ-
on-chip technology, how it was created and why it is 
relevant for human health discoveries?

Pr Don Ingber : Organs-on-chips (OOC) from our institute 
are small devices, basically the size of a computer memory 

stick, optically clear, made out of a flexible silicone rubber 
material. The device has tiny microchannels through 
which we flow fluids, hence the name microfluidics. 
Our devices have two hollow channels that are parallel 
with a porous membrane so we can create organ-
level structures by having two different tissue types 
interfaced across the membrane. For example, we can 
have lung lining cells - the epithelial cells of your air sac 
- on top and the lung capillary blood vessel cells on 
the bottom to recreate the alveolar-capillary interface. 
We can flow air over the top like in the lung, and we 
add a blood substitute like culture medium or even 
blood on the bottom. Because mechanical forces are 
so important for organ development and function, we 
have side chambers where we apply a cyclic vacuum 
that stretches the walls of the middle chamber with the 
tissue interface, to mimic breathing motions in the lung, 
peristalsis in intestine, or physiological deformation of 
an organ. We can basically recreate the physical and the 
chemical microenvironment as well as the tissue-tissue 
interfaces and 3D structures that exist in the body on 
these little devices. I call the OOC “synthetic biology at 
the cell, tissue, and organ level because it is really flexible, 
we can control and vary every parameter individually 
and in a combination. And I think that is really the leap 
in terms of potentially replacing animal testing, because 
you cannot separate these control features in an animal. 
OOC are impressively able to mimic human physiology 
and disease states with higher fidelity than any other 
systems that are out there.

Pro Anima : We recently heard a lot about the success 
of Emulate work using liver-chips to predict DILI (Drug-
Induced Liver Injury). Do you have other examples in 
mind showing that OOC can be much more predictive 
of human health than animals?

Pr Don Ingber : Many! We published a paper where 
we developed a bone marrow chip. Astrazeneca, 
the pharmaceutical company, had a drug in clinical 
trials that showed a very unusual toxicity in the bone 
marrow. The same dose of this drug given over two 
hours versus two days had different toxicities. It was 
hard to mimic or understand it in an animal model. 

So they asked us if we could do it in our model. 
Because our chips have flow that passes through 
a channel lined by blood vessel cells and they have 
tissue-tissue interfaces, we can mimic how the drug 
levels change over time in the body, what is known 
as pharmacokinetics, which is absolutely critical for 
drug actions as well as toxicities. As you know, if you 
take a drug - your doctor says “take it once a day” 
- three times a day you can get sick or even die. In 
our bone marrow chip, we could precisely mimic the 
toxicities AstraZeneca saw in measuring the blood of 
their patients. Our chips flow the drug through the 
blood channel like in the patients (1). I can give you 
many more examples: we have used our lung chips 
to identify drugs that have moved to clinical trials for 
Covid-19 (2,3). And there are many more, but I think 
the bone marrow is a great example.

Pro Anima : Pro Anima has recently been part of the EU 
workshop to set up a roadmap for phasing out animal 
testing in chemical safety assessments, and it was 
clear that validation of alternative methods is one of the 
biggest challenges. In your opinion, what would be the 
best way to achieve regulatory acceptance? Especially 
for OOC ?

Pr Don Ingber : There is the Emulate study - that I 
was part of - where they tested 27 different drugs 
that were already known to be toxic to the liver or 
safe in humans and animals. They show that the 
human liver-chips are 7 to 8 times more predictive 
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sites obtain the same results with the same chips, 
and working out manufacturing and cost. Agencies 
want these models to be qualified, confirming 
they are \ robust, that they faithfully mimic human 
level functionalities. We need to hit a point where 
processes and systems are automated enough 
and robust enough so that they really begin to get 
integrated into drug development pipelines. Even the 
FDA knows we need something better than animal 
models. But they need to be convinced that new 
models are as good or better. That is really what it is 
all about. And that requires data.

Pro Anima : The US has made a big step toward 
phasing in NAMs with the Modernization Act 2.0. What 
are your views on this legislation and do you think it 
is enough to accelerate the replacement of animals in 
biomedical research and toxicology?

Pr Don Ingber : It is fantastic. I was involved with talking 
to the Congress. And it is amazing that this legislation 
now clearly states that FDA can consider data from 
OOC or other human relevant alternative methods 
instead of an animal model. But in a sense, that was 
always a possibility. For instance, Vertex got their drugs 
for cystic fibrosis into patients without ever using 
animal models, because they used human cells with a 
single gene defect. And that was enough to convince 
the FDA with those data. 
However, it is much easier to use these systems for drug 
discovery and drug efficacy than it is for toxicology. 
There is a highest hurdle for taking a risk -- and that 
is really what the regulatory agencies are focused on - 
toxicity. Also, when drug companies do liver toxicity in 
animals, they are not only looking at the liver but also 
the kidney and all the organs. So results with a single 
OOC is not going to convince them to replace animal 
testing. But because many times the drugs produce 
contradictory results in these animals and they do not 
know what to do with the results, I think Emulate’s liver 
chips could provide a powerful way to “rule in or rule 
out” whether a drug should progress further in the drug 
development pipeline, and hence narrow down drug 
testing. In that way it would reduce animals and more 
importantly, it would reduce failures later on. There are 
also good OOC models of kidney toxicity and heart 
toxicity. So you can begin to see how these could be 
used alone and together, and to progressively really 
reduce the animal numbers and maybe eventually 
replace them in the long-term.

than animals in predicting liver toxicity and they 
were 100% accurate in predicting safety. This is the 
sort of qualification approach that needs to be done. 
Currently, regulatory agencies let companies propose 
what they want to use as validation criteria. Yet, 
when some criteria are proposed, the answer of the 
agencies is that it is not enough, which is a waste of 
time for everybody. So there is a need for more global 
harmonization of the criteria used for qualification of 
the techniques and validation of those criteria. And 
it would be enormously helpful for everybody if the 
FDA and European Regulatory Agencies come up 
with a common set of expectations. 
However, the idea of a harmonization of one chip 
design is unrealistic. You have to have competition. 
Some systems may be better for certain applications, 
and some for others. What I do believe is critical 
is robustness, demonstrating that you can create 
robust systems so that different groups at different 

Pro Anima : We identified social barriers being an 
important obstacle to the transition, appearing to be 
much more the issue than the scientific ones, do you 
agree?

Pr Don Ingber : Yes. And toxicology is the worst. 
Toxicologists in companies say that the FDA is never 
going to buy this, no matter what they say. And then 
the FDA is basically always wanting to see more 
because they have the ultimate responsibility to 
ensure safety. It is a huge challenge that I don’t know 
exactly how we get through. I hope that the more 
OOC are used on the drug discovery side and they are 
proven to be accurate and valuable, the more people 
will have comfort. I remember the early days of the 
OOC, the toxicologists would not even be open to 
listening to the talks. It is changing, but there is still 
a lot of skepticism. I guess that is the reason they are 
good at what they do, they are very cautious. It is hard 
to change the way people have done things if they 
have done them for a long time.

Pro Anima : You mentioned that toxicology is among 
the most conservative fields. Do you think toxicology 
will nonetheless show some steps ahead soon? 

Pr Don Ingber : I definitely think that everyone 
knows that the toxicology predictions of animals 
are suboptimal at best. The problem with animal 
testing is that they often don’t have the disease 
that the patient has. They are not old, they do not 
have multiple other diseases and they’re not on 
numerous different drugs. So there is a lot that you 
never see there. I do know there have been really nice 
results with kidney chips. The liver chips we already 
mentioned do also much better than animals. And 
those are two of the major toxicities. Companies 
are unfortunately going to be slow. They are still 
going to use animals. Although the executives of the 
companies see the value of these new approaches, 
nobody wants to be the one to take a risk. But I do 
think we are going to see less and less animals and 
more reliance on these alternative models. Toxicology 
is not only about identifying toxicity, it is also about 
understanding the molecular basis of that toxicity. 
OOC systems allow us to get into the mechanism 
of toxicity, and this is a huge value too. And for that 
value, these models will be used more. So I think we 
are definitely moving in the right direction. Everybody 
wants to see it happen.

Pro Anima : What are your main hopes and views for 
the near future and for the long-term?

Pr Don Ingber : I actually think that we are going to see 
OOC methods more widely used in the discovery and 
development pipeline before toxicology. I think there 
are many ways of accelerating drug discovery. There is 
no doubt that with the FDA Modernization Act, and with 
Emulate and many other companies distributing these 
methods and results internationally, that there will be 
more pharma and biotech companies using OOC and 
getting more comfortable with them. We are beginning 
to see that companies are finding use of Emulate’s liver 
chips can reduce costs significantly by reducing the 
need for studies with non-human primates. I hope that 
we will also see OOC integrated into clinical programs for 
precision medicine and clinical trials design. 
I always say that the real game changer is that OOC 
can improve cost, shorten time, and enhance safety in 
drug development. Today, pharmaceutical groups spend 
hundreds of millions on the development of drugs, and 
tens of millions on big clinical trials that frequently fail. 
Then they search if there is a subpopulation for example, 
of genetically similar individuals - who responded better 
than others to the drug. If they find them, they then can 
do a targeted study with those patients, and if successful, 
they can get the drug approved for a narrow application. 
With OOC and patient-derived cells, I believe that we 
can flip that paradigm.  We can make OOC for 50 or 100 
patients to identify a given drug that works especially for 
them, and then use those same patients for a targeted 
clinical trial. In short, I see a future in which we leverage 
OOC to find the right drug that works most effectively 
for a defined subgroup of patients, based on very similar 
genetic subgroups, or on age, sex/gender, or on clinical 
manifestations. But the challenge we face with the 
replacement of animal studies is our risk averse culture 
and human nature - it really comes down to individuals 
taking risks. But people do change over time. That is how 
things change. And so again, once you see successes, 
and these become economic successes, then that will 
flip off the pendulum. Things will shift.
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