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macroscopic tasks. These nanorobot swarms could theoretically come 
in two flavors, those that replicate themselves without any constraints 
in the natural environment and those that do not replicate. In the fight 
against cancer, only the latter are currently considered and utilized. 

There have recently been two major developments and advances in 
this field, namely1 the construction of an autonomous DNA nanorobot 
as an intelligent drug delivery and therapeutic system that responds 
to molecular triggers in vivo and2 the successful programming of 
autonomous nanorobots to shrink tumors by cutting-off their blood 
supply (an antiangiogenic approach, see Fymat).3 The structures are 
built from DNA that can self-fold in all sorts of shapes and sizes. 

In the former instance, using a DNA origami (or Trojan horse) 
approach (see, e.g., Fymat),4−8 the nanorobot was programmed to 
transport therapeutic drugs and deliver them at the tumor site.9 The 
nanorobot is a two-layer structure with the blood coagulation protease 
thrombin within its inner cavity and an exterior shell functionalized 
with a DNA aptamer. An aptamer usually consists of a short strand 
of oligonucleotides or peptide molecules that bind to a specific target 
molecule. It serves two roles, to bind nucleolin and subsequently act 
as a molecular trigger for mechanically opening the nanorobot and 
releasing its thrombin payload. Nucleolin is a protein specifically 
expressed in large amounts on the surface of tumor-associated 
endothelial cells but not found on the surface of healthy cells. The 
thrombin is specifically delivered at tumor-associated blood vessels 
to induce intravascular thrombosis, provoking tumor necrosis and 
inhibiting tumor growth. In mice and Bima miniature pigs, the 
researchers showed that the nanorobot is safe and immunologically 
inert with no detectable changes in normal blood coagulation or 
cell morphology. Most importantly, there was no evidence of the 
nanorobots spreading into the brain where they could cause unwanted 
side effects, such as a stroke. After attacking tumors, most of the 
nanorobots were cleared and degraded from the body after 24 hours. 
By two days, there was evidence of advanced thrombosis and, after 
three days, thrombi in all tumor vessels were observed. The technology 
is a promising strategy for precise drug delivery in cancer therapy.10

In the second instance, a nanorobot was successfully programmed 
to shrink tumors by inducing blood coagulation that cuts-off the 
blood supply. The approach was shown to have high therapeutic 
efficacy and safety profiles in multiple solid tumors using DNA-based 
nanocarriers. Each nanorobot is made from a flat, rectangular DNA 

origami sheet, 90X60 nanometers in size. This appears to be the first 
(or one of the very first) fully autonomous DNA robotic cancer seek-
and-destroy-by-starvation system. It was demonstrated in rodents 
utilizing various cancer types (breast, skin, ovaries, lung). By blocking 
the tumor blood flow and clotting the blood vessels that feed the tumor 
growth, thrombin causes a sort of “tumor mini-heart attack”, leading 
to tumor tissue death. In a melanoma mouse model, the nanorobot not 
only affected the primary tumor but also prevented the formation of 
metastasis, showing a promising therapeutic potential. Since all solid 
tumor-feeding blood vessels are essentially the same, the approach 
can be utilized for many types of cancers. It may help accomplish 
the ultimate goal of cancer research, namely the eradication of solid 
tumors and vascularized metastases.
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Editorial 
Nanorobotics refers to the design and building of nano-sized devices 

(or nanorobots) in the size range (102-104 nanometers) constructed 
of nanoscale or molecular components. For brain applications 
(glioblastomas), sizes of interest are less than 100 nanometers. Such 
devices can move with nanoscale precision. While still in research and 
development, these nanomachines may find important applications in 
medicine, especially in cancer treatment where they can be used to 
identify and destroy cancer cells all the while sparing healthy cells. 
Because of their small size, nanorobots would need to be in very 
large numbers and to work fast together to perform microscopic and 
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