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Cyborg tissue is half living cells,
half electronics

By Will Ferguson

They beat like real heart cells, but the rat cardiomyocytes in a dish at Harvard University are different in one
crucial way. Snaking through them are wires and transistors that spy on each cell’s electrical impulses. In
future, the wires might control their behaviour too.

Versions of this souped-up, “cyborg” tissue have been created for neurons, muscle and blood vessels. They
could be used to test drugs or as the basis for more biological versions of existing implants such as
pacemakers. If signals can also be sent to the cells, cyborg tissue could be used in prosthetics or to create tiny
robots.

“It allows one to effectively blur the boundary between electronic, inorganic systems and organic, biological
ones,” says Charles Lieber, who leads the team behind the cyborg tissue.

Artificial tissue can already be grown on three-dimensional scaffolds made of biological materials that are not
electrically active. And electrical components have been added to cultured tissue before, but not integrated
into its structure, so they were only able to glean information from the surface.

Electrically inflamed

Lieber’s team combined these strands of work to create electrically active scaffolds. They created 3D networks
of conductive nanowires studded with silicon sensors. Crucially, the wires had to be flexible and extremely
small, to avoid impeding the growth of tissue. The scaffold also contained traditional biological materials such
as collagen.

The researchers were able to grow rat neurons, heart cells and muscle in these hybrid meshes. In the case of
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the heart cells, they started to contract just like normal cells, and the researchers used the network to read out
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When they added a drug that stimulates heart cell contraction, they detected an increase in the rate,
Tdicating the TIssue was benaving 11ke normal and that the Network could Sense such changes.

L w glﬁ} %blood vessel about 1.5 centimetres long from human cells, with
wires snaking through it. By recordmg electrical signals from inside and outside the vessel- something that
was never possible before— the team was able to detect electrical patterns that they say could give clues to | ’ o
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impending heart disease.
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“You could use these things to directly measure the effects of drugs in synthetically grown human tissue
without ever having to test them in an actual human being,” says Lieber’s colleague Daniel Kohane. He also More jobs >

envisions tissue patches that could be added to the surface of a heart, say, to monitor for problems.

Vladimir Parpura, a neurobiologist at the University of Alabama, Birmingham, who was not involved in the
study, suggests using the tissue to build tiny, biomimetic robots or implants that repair damaged tissue via
electronic pulses.

So far, though, the researchers have only used the electrical scaffolds to record signals— they have yet to feed
commands to cells. So Lieber’s next step is to add components to the nanoscaffold that could “talk” to
neurons. He says the goal is to “wire up tissue and communicate with it in the same way a biological system
does”.

Journal reference: Nature Materials, DOI: 10.1038/nmat3404
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