
 

Healing breath: Researchers dramatically
improve inhalable mRNA therapy

December 9 2022, by Jerry Grillo
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A research team led by Georgia Tech Professor Phil Santangelo has
developed an improved mRNA treatment that is designed to be used in a
common nebulizer for a more efficient inhalable delivery of the
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medicine. 

Messenger RNA, or mRNA, has been used to immunize millions of
people in just the past few years, leading the world out of a pandemic,
and allowing researchers to consider other therapeutic targets for these
flexible, effective drugs. 

Among the most likely targets for future mRNA therapies are the lungs,
given the large number of pulmonary diseases, such as the coronavirus,
influenza, asthma, cystic fibrosis, and others. 

Now a team of multi-disciplinary investigators from five universities, led
by Georgia Tech faculty researchers, has provided a potential path
toward that future. In a study published Nov. 28 in the journal Nature
Materials, they describe polymeric nanoparticle formulations designed
specifically for inhalable mRNA delivery, via an easy-to-use nebulizer. 

"Nanoparticles made of polymers have specific strengths, and the lung
happens to be a place where they are very good for delivery," said Phil
Santangelo, professor in the Wallace H. Coulter Department of
Biomedical Engineering at Georgia Tech and Emory University. 

In previous work, Santangelo's lab also has developed mRNA payloads
transported by lipid nanoparticles. But polymeric nanoparticles which
are designed to carry drugs to their destinations have a higher loading
capacity and are compatible with many compounds. 

"In the lung, they're just flat out better," Santangelo added. "And we can
use them with a wider range of nebulizers. That may not be as important
for testing in rodents, but it is when you're talking about getting this into
a person." 

Delivering the goods
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Polymers are large molecules comprised of small, repeating molecular
building blocks called monomers. For this study, the researchers focused
on synthetic, biodegradable polymers called poly(beta-amino-ester)s, or
PBAEs. In a ground-breaking study released last year, Santangelo's team
demonstrated the strength of PBAE formulations in delivering mRNA
that can express the CRISPR Cas13a protein in lung tissue, where it was
effective in stopping SARS-CoV-2 (coronavirus). 

In the latest work, the researchers used a process called combinatorial
synthesis—a method for preparing large numbers of chemical
compounds—to screen 166 different PBAE formulations. One of these,
P76, emerged as the best candidate for protein expression, that is,
delivering the therapeutic goods efficiently into the lungs of animals,
from mice to non-human primates, which makes P76 species agnostic. 

Turns out, the polymer is also compatible with a variety and combination
of cargos, which is not typically the case with the delivery of RNAs. But
P76 has demonstrated its ability to transport disparate RNAs. So, in
addition to being species agnostic, the polymer is mostly cargo agnostic,
too. 

Using P76, the researchers could effectively encapsulate mRNA
together with crRNA, which is a guide strand that basically tells the
Cas13a protein who it should target. The key to making it all work so
well was incorporating organic compounds called thiols into the mix
(turning a PBAE into a PBATE), "dramatically increasing the utility of
the polymer for any CRISPR-based therapeutic candidate," the authors
of the study wrote. 

"With this new polymer, compared to the old one from our previous
work, we get much better protein expression," Santangelo said. "We can
actually decrease dosage by a factor of four, or 400%, and have the same
therapeutic effectiveness. That is significant. It's a striking
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improvement." 

Santangelo's lab collaborated with two Georgia Tech faculty members
from the School of Chemistry and Biochemistry, Professor M.G. Finn
and Associate Professor James Gumbart, who also is a member of the
School of Physics. The University of Georgia, University of Louisiana-
Lafayette, and Mississippi State University were also part of the study,
which involved more than 25 authors. 

Their work in Nature Materials was published on the heels of another
nebulizer-based study from the Santangelo team that was published in
the journal Advanced Science. That work detailed the development of a
more efficient, inhalable mRNA medicine to prevent respiratory virus
infections like the coronavirus. 

In both papers, the researchers demonstrated the utility of polymeric
formulations for delivering the potent cargo into the lungs. 

"With these studies we basically wanted to make people aware of new
versions of a class of molecules that have lots of advantages over the old
ones," Santangelo said. "And the reality is, I think, for the nebulization
and delivery to the lung, they have big advantages. These polymers make
a lot of sense." 

And potentially, a lot of cents, too, with the global mRNA therapeutics
market expected to exceed $26 billion by 2028. 

  More information: Laura Rotolo et al, Species-agnostic polymeric
formulations for inhalable messenger RNA delivery to the lung, Nature
Materials (2022). DOI: 10.1038/s41563-022-01404-0 

Daryll Vanover et al, Nebulized mRNA‐Encoded Antibodies Protect
Hamsters from SARS‐CoV‐2 Infection, Advanced Science (2022). DOI:
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