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at once,” says Terry Van Vleet, a working-
group member and head of molecular and 
computational toxicology at AbbVie in 
Chicago. 

But there’s another hurdle: scalability. “If 
this device is really great, but only one lab can 
make one device per month, we are not going 
to be interested,” says Claire Jeong, a working-
group member and GlaxoSmithKline 
investigator who works on in vitro models. 
Moreover, many of the chips rely on primary 
cells, which are not immortal. Himmelfarb’s 
group is working to swap out the primary 
kidney cells in their model with induced 
pluripotent stem cells. “You can replicate and 
generate more cells long term,” he says.  

Tailor-made
Meanwhile, and separately from the 
consortium, some tissue-chip developers 
are collaborating with pharma to improve 
their products. “By co-developing them, 
we make sure that we develop the models 
that they want and we transfer them into 
their hands,” says Jos Joore, co-founder of 
Mimetas, a biotech company based in the 
Netherlands that is working on several tissue 
chips. Collaborating with companies such 
as GlaxoSmithKline and Pfizer also gives 
Mimetas access to compounds that never 
reached the market. The chip developers 
receive the failed compounds in tandem 
with preclinical and clinical data that would 
not otherwise be publicly available—data 
that can then help developers to improve the 
chip model. 

The Boston-based company Emulate, led 
by researchers who came from the Wyss 
Institute, is also developing chip technology. 
It recently partnered with researchers at 
Johnson & Johnson (J&J) to turn its lung-
on-a-chip into a model of thrombosis, a 
blood-clotting condition that can cause 
heart attacks or strokes. “The J&J scientists 
work hand in hand with the scientists at 
Emulate in the development of the chip 
and the characterization, as well as the data 
generation,” Hamilton says. That helps to 
build pharmaceutical industry trust in the 
technology. In 2015, J&J announced plans 
to incorporate this chip-based model of 
thrombosis and other Emulate chips into its 
research and development program, and it 
has since been using the thrombosis model 
to evaluate whether experimental drugs in its 
pipeline are likely to cause blood clots.

Hamilton and her colleagues have also 
worked with GlaxoSmithKline to investigate 
the mechanisms underlying pulmonary 
edema, a condition that involves a buildup 
of fluid in the lungs. Using their lung-on-a-

chip, the researchers found that the forces 
associated with breathing play a key part in 
the blood-vessel leakage associated with the 
disease. They also uncovered new receptors 
involved in the process. 

Exactly how soon tissue chips will become 
an indispensable part of the pharmaceutical 
industry’s drug-development process is not 
yet clear. “I’m a healthy skeptic about tissue 
chips and how much promise they actually 
hold,” Rusyn says. “I think a lot of developers 
have overpromised, and I think it’s very 
realistic that the perception will be that the 
field has underdelivered.” 

Griffith says that many pharmaceutical 
companies hope that the chips will be able 
to catch toxicities that occur rarely and 
unpredictably, known as idiosyncratic drug 
reactions. But most existing chips are not 
sophisticated enough, she says. “You don’t 
actually have an organ on a chip—you have 
some cells with some medium and some 
pumping stuff.” 

Still, the industry is “cautiously optimistic,” 
Berridge says. The much-touted chips 
probably won’t live up to all the hype, and 
they are unlikely to replace animal studies 
completely in the foreseeable future. But 
they can be useful, Berridge says. And as 
confidence in the chips grows, potential 
applications might expand. “As time goes 
on and we develop these systems to be more 
relevant and more user friendly, I think that 
there’s a future that has even more impact on 
our animal use and our decision-making,” he 
says.

Eventually, data from organs-on-chips 
might make their way into drug applications, 
and regulators will need to decide how 
to assess that information. Danilo Tagle, 
associate director for special initiatives 
and head of the tissue-chip program at the 
NCATS, says that regulators might find the 
information useful because it can provide a 
more mechanistic understanding of any toxic 
signals. “That’s why we had engaged the FDA 
even from the very get go of this program,” 
he says. 

According to Tralisa Colby, a spokesperson 
for the US Food and Drug Administration 
(FDA), thus far the agency has received 
very little data from tissue chips as part of 
pharmaceutical applications. However, she 
notes that the FDA is open to the use of any 
tools that are appropriately tested. “There 
is much we don’t know yet, and there are a 
number of technical and scientific challenges 
with using tissue chips in drug development,” 
Colby says. However, “the current efforts at 
tissue-chip testing will begin to move tissue 
chips beyond academic research and toward 
how they might be used as tools for predicting 
in vivo pharmacology and toxicology.”

Tagle points out that NCATS researchers 
are working on even more complex models—
creating systems in which a ‘heart-on-a-
chip’ is connected to a ‘lung-on-a-chip’ and 
so on—with the ultimate goal of having a 
‘human-on-a-chip’ technology. 

Griffith, however, still sees an information 
gap between drug companies and chip-
makers. Pharma knows what problems it 
needs to solve, but not how to engineer a 
solution. And engineers know how to build 
chips, but they haven’t thought through how 
those chips will provide a solution. 

The collaboration between the NCATS and 
the MPS working group is a first step toward 
bridging these gaps, she says. “It’s the start 
of a dialogue on how we solve these really 
difficult problems.” 

Cassandra Willyard is a science writer 
based in Madison, Wisconsin. 

Blank slate: Emulate’s S-1 Organ-Chip serves as 
a template for various tissue types or disease 
states.

Correction
In the December 2016 issue, the piece 
“Drugs that made headlines in 2016” (Nat. 
Med. 22, 1377–1379, 2016) incorrectly stated 
that the FDA was further reviewing the drug 
Keytruda for a common form of lung cancer 
under priority review. The approval that had 
been given to the drug in October was the 
result of a priority review. The error has been 
corrected in the HTML and PDF versions of 
this article.
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