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Regular mRNA injections/
infusions could help make up
for lacking and absent
proteins. Medication would
have to be administered
multiple times, though the
time between injections/
infusions would have to be
tested by measuring how long
it takes for levels to return to
the baseline.

As an example of the technology, | have opted to create the
sequence for a drug that would cause the production of a-1
antitrypsin (A1AT). A genetic defect can cause a-1 antitrypsin
deficiency, this leaves the patient at high risk for lung and
liver diseases, and currently the only treatment is
transfusions of the protein from donor blood to increase the
amount of ATAT (others are under development though).
A1AT is encoded by the SERPINA-1 gene in humans located
in chromosome 14, it is a protease inhibitor, mainly
interacting with neutrophil elastase, with neutrophil elastase
and other enzymes under inhibited, damage to the lungs can
be caused, often resulting in pulmonary diseases; in addition,
the defective proteins often accumulate in the liver, which
can cause disease there as well. As the disease is directly
related to a defective protein, mMRNA could provide a
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treatment option.

Protein
Deficiencies

The technology has potential applications
in various research areas, where it could
potentially be used to artificially increase

the expression of a protein/peptide
temporarily and/or without modifying the
genome or using other more intense
methods. With this, the effect is temporary,
allowing safer testing in humans, which
could be applied in areas such as a phase 1
trial of a gene therapy, as well as the later
phases.
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An mRNA drug consists of a strand of messenger
RNA (mRNA) coding for a desired amino acid
sequence, encapsulated within a lipid nanoparticle
(LNP). The medication then enters a cell, and uses
its protein manufacturing machinery to create the
peptide or protein, similar to how a virus works.
The resulting molecule can now continue to fulfill
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This technology was hugely successful at fighting and ending the COVID-19 pandemic it
enabled the first vaccine against SARS-CoV?2, Pfizer-BioNTech’'s Comirnaty, and some of
the ones that followed, like Moderna's SpikeVax. Obviously, vaccines are an area where
MRNA tech's potential is extraordinarily high, due to the the ability to quickly develop,
manufacture, and deploy a vaccine for any given antigen; cancer and autoimmune
treatments are the current area of focus for broadening the horizons of the technology.
These, however, are far from the only areas where lives can be improved and saved, we've
only just scratched the surface of what could prove possible with this biological tool. To
start, various diseases in various body systems involve deficiencies in proteins, mRNA is
an essential part of the process cells use to create proteins, all it needs to finish the cycle
is a ribosome and the necessary amino acids to form the sequence in the molecule, so
even if an individual's body does not sufficiently produce a protein, it can be forced to, in a
way similar to how viruses replicate. This can also be extended to genetic diseases; if the
issue is related to either a defective sequence producing a defective protein, a if a
sequence is not expressed properly, the issue can be remedied in the same way. Research
can also be furthered with this technology, such as in certain circumstances where it is
desired to change the conditions in an organism in a reversible/temporary manner.
Biologic medications are another area where mRNA drugs could prove useful, as they are
often expensive and difficult to produce, among other drawbacks that could be mitigated.

Potential -

mMRNA

Image Frpm Citati

E)Qpl-oring The Potential
Applications Of mMRNA

Using mMRNA as a medication was first
explored in 1989, and first tested in
animal trials in the early 1990s, with

limited results. In 2005, Katalin Kariko

and Drew Weissman published a
paper showing modified nucleotides
prevented the immune response seen
in earlier tests, which had destroyed
large numbers of mRNA, this

innovation paved the way for future
applications of the technology. mRNA
saw some trials, including as a rabies

vaccine, but had not produced any
notable results. During the COVID-19

Pandemic, both Pfizer-BioNTech and
Moderna looked to the technology,
and the modified nucleotides from

2005 were essential to the efficacy of
the vaccines, and for their discovery,

Karikd and Weissman were jointly
awarded the 2023 Nobel Prize in
Physiology or Medicine.

History
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Current

Usage

This technology currently sees use in
vaccines, most notably the Moderna and
Pfizer-BioNTech vaccines for COVID-19,
which thrust the tech into the public eye.
Other areas such as cancer treatment are | Sl k.-
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seeing some early adaptations.
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Manufacturing
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Technology In Other

Medical Uses

—Riotogie-ecieations are often expensive and/or complicated

to produce, they sometimes also need strict storage
requirements that usually can't be met at home, while
although mRNA also has its own requirements, even with the
protection of lipid nanoparticles, these aren’t too stringent,
comparable to more stable biologics, and may be attainable
with a standard refrigerator. This technology is simple and
cheap to produce, and thus could prove to be a viable
alternative to many biologics. Though storage is a potential
shortcoming, with how long it takes for the mRNA to degrade
not yet being known and understood, new research into this
as well as better ways to store it are being investigated.
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Genetic

Diseases

Genetic diseases have few viable treatment options, and
many have none at all, but mRNA could help with this
problem. Similar to protein deficiencies (which are usually
also genetic diseases), mMRNA medications could be used for
if the disease is related to a protein; if the body cannot
produce a properly functional version because of an error in
the gene coding for it, an mRNA transcript carrying the
normal sequence could allow the body to make the functional
version. As with for protein deficiencies, the drug will need to
be administered regularly, but the interval will have to be
tested and will most almost certainly vary depending on the
protein. There are drawbacks to this approach however,
mainly that current treatments for such diseases could
definitely prove more effective and/or safer than the one
proposed here, but the reason this is relevant is because of
the diseases that do not currently have effective treatments,
or have treatments that are not easily accessible, or that have
undesirable side effects, where this technology could prove
applicable and surpass currently available options.
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Manufacturing of mMRNA medication involves three main processes:
upstream production, downstream purification, and final formulation.
Upstream production creates mRNA transcripts using PCR to make copies
of the desired sequence in DNA, which is then transcribed with various
RNA polymerase enzymes, this is called the in vitro transcription reaction
(IVT). The solution produced by the IVT reaction contains a large amount
of MRNA, but it also contains a fair few other substances, such as enzymes
from IVT, leftover DNA, defective mRNA, and others; these cannot be
present in the final drug, and are removed in the downstream purification
step. There are many different techniques for this, and wont bother going
over them, but all used en masse involve either the addition of various
enzymes and reagents, different chromatography techniques, or a
combination of these. Now that the solution has been purified, it is ready
for the final formulation process. mMRNA on its own is notoriously fragile,
and it also can't enter a cell in such a state, this is where the lipid
nanoparticle (LNP) comes in; LNPs are regarded as the most effective non-
viral carrier, but are much cheaper than viruses, they are produced by
precipitating the desired lipid type dissolved in an organic solution,
dissolving the mRNA in an aqueous solution, and combining the two. The
MRNA is now encapsulated in the LNPs, and the drug is ready to be
administered. Even though this simplified explanation is seems complex,
this is actually on the simple side of pharmacological manufacturing, and
notably does not require live cells, which significantly complicates the
production chain.
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