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DNA ORIGAMI FULL OF POTENT ANTICANCER AGENTS: A TAILORED
DNA NANOPLATFORM CARRIES CHEMOTHERAPEUTIC DRUGS AND RNA
INTERFERENCE TOWARD MULTIDRUG-RESISTANT TUMORS

NOVEMBER 21, 2018 - One of the most successful techniques to combat multidrug resistance in cancer cells
is the downregulation of those genes responsible for drug resistance. Chinese scientists have now developed a
nanoplatform that selectively delivers small hairpin RNA transcription templates and chemotherapeutics into
multidrug-resistant tumors. A deadly cocktail of gene-silencing elements and chemotherapeutic drugs effectively
and selectively kills cells, they reported in the journal Angewandte Chemie. The nanoplatform was assembled using
established DNA origami techniques.

Multidrug-resistant cancer cells often remove potent drugs from the cell before they can become effective. As
several genes for proteins that perform this job are known, scientists attempt to interfere on the gene expression
level, which is possible with RNA interference (RNAI) techniques: small RNAi strands combine with messenger
RNA and inhibit transcription. However, RNA transcription templates must be delivered and released into the
cytoplasm of the cell, and at the same time, a potent drug must be present to kill the cell.

Baoquan Ding at the National Center for Nanoscience and Technology, Beijing, China, and his colleagues have
now designed and built a platform that includes every item needed to intrude into tumor cells and release gene-
silencing elements and chemotherapeutic drugs. They built the platform using the DNA origami technique,
which allows the construction of nanosized DNA objects in multiple, and even very complicated shapes. In this
case, the scientists constructed a relatively simple DNA origami structure, which self-assembled into a triangular
nanoplatform with various sites to bind multiple functional units.

One of the key features of the platform was that it could include the hydrophobic potent drug doxorubicin (DOX),
a cytostatic that is especially useful against malign tumors. Here, DOX did not bind to the nanoplatform by
any covalent linkage, but was loaded onto it through intercalation (which is the way DOX works in the cell:
it intercalates into DNA, inhibiting transcription). Instead, what was covalently linked to the platform was the
multiple gene silencing and cell-targeting site, which consisted of two linear small hairpin RNA transcription
templates for RNAi and gene therapy, a cell-specific unit for specific recognition and insertion by the tumor cell,
and a disulfide linkage to be cleaved by cellular glutathione.

The authors examined their multipurpose nanoplatform with an in vitro assay (on cell cultures) and by administering
it into mice containing multidrug-resistant tumors. They found both a high and selective delivery and release
rate of DOX and RNA transcription templates, and a high and selective tumor-killing efficiency. In addition,
the multifunctional platform itself was not harmful to mice; however, filled with drugs and delivery sites, it was
effective and deadly to multidrug-resistant tumors, the authors reported.

This research demonstrates what is possible in cancer therapy. The scientists have designed a nanostructure that not
only specifically targets cancer cells, thus reducing severe side effects in chemotherapy, but also carries a drug and
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everything needed to suppress resistance in the cell when releasing the drug. And the platform itself is modifiable;
adaption to other delivery strategies and other therapeutic components is easily possible, according to the authors.

Full citation: Baoquan Ding et al., Angewandte Chemie International Edition, 10.1002/anie.201809452.
doi.org/10.1002/anie.201809452
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CHEMISTRY FREED FROM SPACE AND TIME: AUTOMATED OPTIMIZATION AND
SYNTHESIS OF PHARMACEUTICALS IN THE CLOUD

November 21, 2018 - Shopping on the internet, storing photos in the cloud, turning up a thermostat with an
app—all are commonplace. Now, the internet of things and the cloud are entering the world of chemical research
and production, as reported in the journal Angewandte Chemie. Researchers have used remote servers in Japan to
autonomously optimize conditions to synthesize drugs in a British laboratory. The process was controlled over the
internet by researchers in the USA.

Chemistry Freed from Space and Time: Automated optimization and synthesis of pharmaceuticals in the cloud
Modern production processes cannot simply assemble a target molecule; they have to be economical, efficient,
robust, and sustainable too. It is thus necessary to develop a variety of alternative synthetic routes, design tailored
equipment, and find optimal processing parameters. This is impossible without a deep understanding of the
reactions taking place and a vast amount of data collected under different conditions. In the areas of natural
products synthesis and pharmaceuticals, the trend is toward automation of repeated reaction sequences and self-
optimizing processes. These are based on machine learning and information feedback in the form of measurements
obtained from observation of reactions.

Researchers led by Steven V. Ley at the University of Cambridge (UK) and California State University Fullerton
(USA) have now demonstrated that this approach can succeed across international borders and time zones—Dby
use of the cloud. Remote servers in Tokyo (Japan) autonomously developed optimal synthetic conditions for
three pharmaceutical agents that were physically synthesized in laboratories in Cambridge (UK). The process was
initiated, controlled, and monitored by researchers in Los Angeles (USA) over an internet connection. In this way it
was possible for the machines to self optimize the individual synthetic steps for tramadol, lidocaine, and bupropion
as representative sample substances, with minimal intervention by the operators over hours.

In the case of tramadol, three parameters were varied: temperature, residence time, and the ratio of reactants.
Guided by spectroscopic data, the control system carried out nine fully autonomous experiments over a period of
three hours and identified optimized conditions for a maximized conversion with the highest possible throughput
and little consumption of the starting materials.

The autonomous character of this cloud-based approach makes specialized knowledge and equipment broadly

available and uses these resources efficiently by avoiding redundancies and allowing for global collaborations in
which distance is irrelevant.
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