
R i g h t  n o w

cancer and slow aging), and is already sold 
as a nutritional supplement. Because the 
Food and Drug Administration has already 
granted it “generally recognized as safe” sta-
tus, fewer regulatory hurdles apply to the 
clinical trial Flaumenhaft and his colleagues 
are beginning to conduct.

Research in humans has not yet com-
pared rutin directly with widely used an-

tithrombotic medications, but one thing 
is already clear: those medications are not 
effective enough on their own. People who 
have one heart attack or stroke are usu-
ally prescribed one of them, yet each year 
there are 400,000 recurrences—a subse-
quent heart attack or stroke in a patient 
who’s already had one—in the United 
States. “Thrombotic disease kills more 

Americans than cancer, than HIV, than 
anything else,” says Flaumenhaft. “If you 
have a drug that improves upon existing 
options by even 2 or 3 percent, that would 
still be many thousands of lives saved.”
 velizabeth gudrais

robert flaumenhaft e-mail:
rflaumen@bidmc.harvard.edu
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Cancer-fighting Robots

I
n the not-so-distant future, a new kind 
of robot, one of the tiniest ever made, may 
have the ability to track down and de-
stroy cancer cells.
Films like Fantastic Voyage (1966) and 

Innerspace (1987) have long conjured fic-
tional images of microscopic subma-
rines or machinery that can travel 
inside the human 
body to cure ail-
ments. Now Shawn 
Douglas, a research 
fellow at Harvard’s Wyss Insti-
tute for Biologically Inspired Engi-
neering, is working on making that 
a reality. In a recent issue of the jour-
nal Science, Douglas described a meth-
od for creating tiny machines—roughly 
the size of a virus—out of strands of pro-
tein and DNA.

These devices, dubbed 
“DNA nanorobots,” are 
short hexagonal tubes 
made of  inter woven 
DNA that can open along 
their length like a clam-
shell. At one end is a 
DNA “hinge,” and at the 
other, a pair of twisted 
DNA fragments that act 
as “latches” to hold the 
device shut. Inside the 
nanorobot, Douglas can 
enclose molecules of almost any substance, 
essentially turning it into a molecular “de-
livery truck” that can transport medica-
tion to specific cells in the body.

“Our goal is to make tools that can zero 
in on malfunctioning cells,” he says. “We 
want to be able to fix things when they 
break—when cells go haywire due to can-

cer or oth-
er diseases 
where things 
just aren’t working 
correctly. To do that, I 
think it makes sense to master this kind of 
nanoscale construction.”

As it turns out, says Douglas, DNA is an 

ideal material for building at the nanoscale 
level. Well-developed tools are already in 
place to understand, manipulate, and even 
manufacture it. Using computers and spe-
cial machines called DNA synthesizers, 
it’s possible to create custom lengths of 
the molecule out of its four basic building 
blocks: adenine, cytosine, thymine, and 
guanine, chemicals known as nucleotides.

To construct his devices, Douglas calls 
on these tools and a technique infor-

mally known as “DNA origami,” first 
developed by Caltech researcher Paul 

Rothemund in 2006. The process 
begins with a single long strand of 

DNA that Douglas uses as a 
backbone or “scaffold” for 
a structure. That strand is 
mixed with short chunks of 

custom-built DNA he calls “staples,” 
which are designed to bind to 

specific sec-
tions of the 

scaffold, bend-
ing and twisting 
it into pre-deter-

mined shapes.
Douglas chose 

to use the DNA of 
a virus called M13 

(which is harmless to 
humans) as his scaf-

fold, but notes that 
almost any long DNA 

molecule will work. 
“As long as you know 

the sequence [of those 
chemical building blocks],” 

he says, “it’s pretty simple to de-
sign molecular ‘staples’ that will pinch 

it together at specific spots.”
Each of Douglas’s nanorobots mea-

sures only 45 nanometers long by 35 
nanometers wide—minuscule compared 
to the 75,000-nanometer width of an 
average human hair. The advantage of a 
machine this small, he says, is that it can 

Wyss Institute scientists have developed a drug-deliver-
ing nanorobot that looks like an open-ended barrel 
(above). The exterior surface of the device is pro-
grammed to recognize a target on a cell surface; the 
drug payload (purple) is secured with anchor strands 
(yellow) to the interior. Double-stranded DNA latches 
(blue, red, and orange) ensure that the robot 
unlocks only in the presence of  
a molecular key expressed  
by the target cells. 
That opens the 
device (right), 
enabling the 
payload to attack only  
the designated cells.
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directly interact with the surface of indi-
vidual cells.

The nanorobots can also track down 
specific cell types, thanks to their mo-
lecular “latches.” Those two strands of 
twisted DNA fragments, known as aptim-
ers, can be designed to react to a specific 
chemical marker, or ligand, on the surface 
of a particular cell type, such as those in 
a cancerous tumor. When they come in 
contact with that ligand, they bind to it 
and unfurl, allowing the device to open 
and release its contents. “It’s kind of like 
the space shuttle—you can put any pay-
load you want in it,” Douglas explains. 
“What you use is going to depend on the 
application.” 

At the moment, he is designing DNA 
aptimers that unravel in the presence of 
platelet-derived growth factor (PDGF), 
a protein that regulates cell growth and 
division. In cancerous cells, PDGF is over-
expressed on the outer cell membrane, 
providing what is essentially a chemical 
beacon for his nanorobots.

Douglas hopes that by targeting spe-
cific cells in this way, his devices can help 
treat diseases like cancer without the need 
for traditional chemotherapy, which re-
leases toxic agents throughout the body. 
“Those drugs might shut 
down cancer cells,” he 
says, “but they also shut 
down all sorts of good 
processes that we want 
to keep going,” leading 
to hair loss, nausea, and other side effects. 
His nanorobots, by contrast, could deliver 
medication directly to cancerous tumors, 
cutting down on the doses needed to re-
program or destroy rogue cells by deliv-
ering only tiny amounts directly to those 
cells themselves.

He is currently attempting to use 
nanorobots to attach antibodies to the 
surface of cancer cells, a process that could 
give the body’s immune system a way to 
identify and destroy those cells on its own. 
Initial experiments done in vitro look 
promising, and he hopes to accelerate pro-
duction of the devices in order to use them 
for studies with lab animals within the 
next few years. vdavid levin

shawn douglas e-mail address:
shawn.douglas@gmail.com
shawn douglas website:
http://shawndouglas.com

Visit harvardmag.
com/extras to see a 
video explaining how 
nanorobots work.
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