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Developing Tomorrows« i

mRNA-Based Therapies

New technologies—such as circular mMRNA, self-amplifying mRNA,
programmable mRNA, and Cas13-encoding mRNA—point to more
powerfulmMRNA-based treatments

By Mike May, PhD

uring the COVID-19 pandemic, mRNA-based
vaccines led the charge against the SARS-CoV-2
virus. These therapies would not have existed
were it not for the painstaking mRNA research
that began years before the pandemic. The lesson? It is
important to be prepared. Let us remember that always, for
we are bound to see more pandemics in the future.
More generally, we make a virtue of preparedness
in all of our healthcare efforts. As the researchers in-
terviewed here would no doubt agree, many of these
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efforts could benefit from applications of mRNA tech-
nology. The recently introduced mRNA-based vaccines
represent just the start of what mRNA technologies
can—and will—achieve.

Making ends meet

More than a decade ago, while spending a year working
in a laboratory before entering medical school, a budding
scientist got interested in circular mRNA, which (unlike lin-
ear mRNA) is in the form of a continuous, covalently closed
loop. Today, that scientist—Robert Kruse, MD, PhD, clinical
fellow, Harvard Medical School—recalls that he was “think-
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ing about mMRNA as a therapeutic and how to improve the
properties.”He wondered whether circular mRNA could
outperform linear mRNA or even do things that linear
mMRNA couldn't.

Back then, no one knew if circular mRNA could even be
translated inside a human cell. Kruse, however, showed that
it was possible. (He did so while he was pursuing a medical
degree and a doctorate in translational biology and mo-
lecular medicine at Baylor College of Medicine.) His work
led to an early patent in the circular mRNA field.

But can circular RNA be made at scale as a drug? That
turns out to be possible, too. In a test tube, autocata-
lytic, intron-splicing RNA from bacteriophages can yield
“MmRNA that will self-catalyze and create a circle by itself/
Kruse explains.

The process was refined by a graduate student at the
Massachusetts Institute of Technology. Indeed, that stu-
dent—who is now better known as R. Alexander Wessel-
hoeft, PhD, founder and director of molecular biology at
Orna Therapeutics—made the process efficient enough
that most of the mRNA made in test tube reactions turns
into circles that can then be used for vaccines or therapies.

Kruse observes that there is significant interest in circular
MRNA for therapies. Some companies focused on circular
MRNA—such as Orna Therapeutics and Laronde—are
garnering sizable investment rounds. As he explains, cir-
cular mRNA is a promising therapeutic modality because
the molecule’s half-life is “three to four times longer”than
linear mRNA's half-life. Consequently, circular mRNA gets
expressed far longer.

An extended half-life could improve the use of mRNA
in various applications. In vaccines, for example, a lower
dose of circular mRNA might provide the same efficacy
as a higher dose of linear mRNA, which could reduce
the cost and potential side effects. Similarly, cancer
therapies based on circular mRNA could allow less fre-
guent treatments.

“Instead of giving linear mRNA to cancer patients every
week, maybe circular mRNA could be given only twice a
month, Kruse suggests.“That would be more convenient
for patients, and it could be a lot less toxic for them!

Still, Kruse notes that some of these applications remain
theoretical. Although mouse studies show high levels of
expression from circular mRNA, the same remains to be
shown in humans. In addition, the tolerability of chronic
dosing of mRNA therapeutics in humans also remains
unknown. For both issues, Kruse says, “Scientists need to
figure this out over time!

Making more mRNA

Besides increasing the expression of a desired protein,
perhaps by using circular mRNA instead of linear RNA, it is
possible to increase the level of a desired mRNA. One may
simply increase the mMRNA dose, or one may use a differ-
ent kind of RNA, namely, self-amplifying mRNA (sa-mRNA).
The second option has been re-
searched for a number of years by
scientists at Seqirus.

“In the case of sa-mRNA, the
RNA goes into the cell, and there’s

an extra element on the mRNA i
molecule—replicase—that allows 4 ‘ ,/

w‘

’
| /
Ethan Settembre, PhD

Vice President, Research
Seqirus

the RNA to replicate itself," says
Ethan Settembre, PhD, vice presi-
dent of research for Seqirus. “Each
of those RNA copies creates the

Recent discoveries that circular RNAs commonly occur in various
species have prompted intense research efforts, such those supported
by circRTrain, which created this image. Besides studying how circular
RNA influences health and disease, researchers hope to find ways to
use circular RNAs as biomarkers and therapeutics. For example, Harvard
Medical School’s Robert Kruse, MD, PhD, believes that circular mRNA
therapeutics could be given at lower doses than linear mRNA therapeu-
tics, since circular mRNA is more resistant to degradation.
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Developing Tomorrow’s mRNA-Based Therapies

protein of interest” So, the replication of MRNA makes more
protein to generate an immune response.

The replicase comes from alphavirus. As Settembre says,
“| often like to work with nature, rather than against it In
this application, nature’s solution can increase the level of
the mRNA so much that protein expression increases 80- to
100-fold, compared to using ordinary mRNA.

As a result, an sa-mRNA-based vaccine or therapy could
be given at a lower dose and still achieve the same efficacy
as an mMRNA-based vaccine or therapy. If vaccines could
have lower doses, vaccine manufacturers could produce
more doses within a shorter period of time. According to
Settembre, there is also “the potential to drop the reactoge-
nicity of whatever the intervention is’

The effect of a therapy can also be extended over a lon-
ger period of time with sa-mRNA. In most existing mRNA-
based therapies, protein expression is highest the first day
and then drops over the following days. “For the sa-mRNA,
the protein expression increases for about seven days after

receiving an sa-mRNA-based vaccine,” Settembre continues.

“So, there is a somewhat prolonged expression.”

The use of an sa-mRNA vaccine also triggers a stronger
immune system attack. Like other mRNA vaccines, sa-
mMRNA vaccines can be used to create antibodies against
a disease. In addition, sa-mRNA vaccines stimulate CD8-
positive T cells, which are cytotoxic, to join the fight.

Getting mRNA deep in the lungs

Like any therapy, the method
of delivery plays a crucial role in
using mMRNA-based methods.

At Emory University School of
Medicine, Philip Santangelo,
PhD, an associate professor of
bioengineering, studies ways to
treat the lungs with mRNA-based
therapies.

Philip Santangelo, PhD
Associate Professor,
Bioengineering,

Emory University School
of Medicine

“Back in 2016," Santangelo
recalls, “we proposed to DARPA
using mMRNA to deliver antibody-
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encoding mRNA to the lungs!” At that time, he was trying to
deliver the mRNA by using an intratracheal water spray in-
stillation of mRNA-encapsulating polyethyleneimine-based
nanoparticles.

To turn this concept into a clinical application, Santan-
gelo started thinking about using a nebulizer to deliver the
MRNA. The treatment, he explains, needs to get deep in
the lungs, because “people die from lower respiratory infec-
tions, not upper infections!

In studies with rodents, Santangelo’s team uses an
Aerogen Solo or Aerogen Pro to deliver the mRNA formu-
lation. “We made our own nose-only setups for delivery
as they have very small dead volumes and allow us to
screen formulations in vivo in rodents using very little
material,” he notes. “This is a huge advantage for screen-
ing formulations”

Tests in other animals require different approaches. In
ferrets, for example, the researchers use a long tube with a
nebulizer on the end.”For nonhuman primates,’ Santangelo
continues, “we use a pediatric mask and nebulizer—very
similar to what is used in humans!

Santangelo says that the mRNA used in the tests is “typi-
cally either formulated in lipid nanoparticles via microfluid-
ics or with polymers via simple mixing prior to nebuliza-
tion!"He adds, "We have lyophilization protocols for our
polymer!

Santangelo envisions using such treatments for a range
of diseases, from bacterial and viral infectious diseases to
various lung diseases, including pulmonary arterial hyper-
tension and pulmonary fibrosis. Most recently, Santangelo
and his team started treating the lung with mRNA that en-
codes for Cas13, which is a programmable RNase for target-
ing flu and SARS-CoV-2.

"We deliver an mRNA that encodes for Cas13 in addi-
tion to a guide targeted to the virus in question, he details.
“We've seen that [using a nebulizer to deliver the polymer-
formulated RNA] can be very effective for targeting RNA
viruses in the lung” Changing the guide allows the treat-
ment to be switched from influenza to COVID-19. Also,
both guides can be deployed. Indeed, Santangelo reports
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that his team is “making a version
that targets both influenza and SARS-
CoV-2 at the same time!That allows
very efficient processing.

Cancer solutions from
synthetic biology

Scientists and companies apply a
wide variety of technologies, includ-
ing MRNA, in hopes of developing
new cancer treatments.“There are
multiple advantages of using mRNA
to treat cancer, because mRNA ex-
presses more efficiently and is also
safer than viral gene therapy vectors,’
says Tasuku Kitada, PhD, co-founder,
president, and head of R&D at Strand
Therapeutics."When compared
to DNA-based approaches, mRNA
does not need to enter the nucleus!
That's one less challenge when using
MRNA-based cancer treatments.

The question is: How can mRNA be
used most effectively against cancer?
“Many companies are using mRNA to
develop cancer vaccines or express-
ing cytokines, antibodies, and other
factors that have anticancer effects,
Kitada explains. "However, the prob-
lem with using these approaches
is the risk of significant side effects”
So, scientists at Strand use synthetic
biology methods to develop mRNA-
based therapeutics that reduce this
problem. Kitada points out that
Strand's technology allows “mRNA
therapeutics to'sense’ biomarkers
found in cancer cells and express pro-
teins only inside cancer cells”

To create these very specific and

targeted treatments, Strand scientists create programmable, long-acting mRNA
therapeutics that will be delivered in nanoparticles. The result, says Kitada, is the
ability to “precisely control the location, timing, and expression level of mRNA
within the patient” Consequently, Strand’s cancer therapies should be less toxic
to patients.

Current treatments under development include ones for solid tumors, such
as melanoma and triple-negative breast cancer, as well as ones for blood-based
cancers, including non-Hodgkin's lymphoma.

Tomorrow’s treatments

Given the success of using mRNA against COVID-19
and the projects described here, many experts in
healthcare expect even more powerful mRNA-based
treatments ahead. Nonetheless, lots of work remains to

be done, including much more basic research as well as
an extensive number of clinical trials.

“It's still early days for the field of MRNA-based treat-
ments, Settembre says. “There are so many improve-

Tasuku Kitada, PhD
Co-Founder, President,
Head of R&D, Strand

ments that we can make! [EE Therapeutics

sabew| £1399 / 9ako|dwiz an0]

Lipid-based nanocarriers may be used to deliver cancer therapeutics, as suggested by this image. One
company that is using this general approach is Strand Therapeutics, which has developed a synthetic
self-replicating mRNA for use with anti-PD-1. The company can program its mRNA therapeutics so
that they express protein only when they “sense” biomarkers in cancer cells. Because the mRNA that is
delivered is self-replicating, it lasts longer in the body, widening the therapeutic window.
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With mRNA Téchnology,

Vaccines and Therapeutics Stay on Message

The “m” in mRNA will reach the right audience—and have the desired effect—if
better design, manufacturing, and delivery platforms become more readily available

By MaryAnn Labant

essenger RNA (mRNA) technology is begin-
ning to show its immense potential in medi-
cine. Indeed, according to Sudha Chivukula,
PhD, head of discovery biology, mRNA Center
of Excellence, Sanofi, mRNA technology is inaugurating a
new era in the development of vaccines and therapeutics.
“A true testimony for this technology will be revealed
in the coming years as more and more clinical data from
vaccine and therapeutic applications are made available,

Chivukula declares. "Any infectious disease that can be
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prevented by a protein is a potential application for mRNA
vaccines!He adds that mRNA technology has the potential
to transform rare disease medicine, oncology, and personal-
ized medicine.

Already, mRNA-based vaccine and therapeutic candi-
dates are proliferating. Which ones should be prioritized?

Above. PCl Biotech specializes in photochemical internalization (PCl)
technology, which enables the light-triggered release of molecules from
endosomes. The molecules that are release may include nucleic acid
therapeutics, which are notoriously difficult to deliver in large enough
payloads inside a cell. In this image, a clinician uses laser light to maintain
tight spatiotemporal control over the release of a cancer therapeutic.
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To answer that question, developers must weigh various
factors. The classic factors include potency, safety, and stabil-
ity. With mRNA-based vaccines and therapeutics, however,
there may be additional considerations. For example, deliv-
ery mechanisms may matter as much as mRNA sequences.
Also, different mRNA platforms may vary with respect to
flexibility (switching from one target to another, or even hit-
ting multiple targets) and manufacturability (altering some
processing steps while preserving others).

Weighing mRNA platform considerations

To narrow down the number of candidates to be evaluat-
ed in preclinical trials, developers can employ high-through-
put automated robotic platforms.“Innate and adaptive
responses to mMRNA vaccines in animal models help to inter-
rogate the immunological mechanism that underlie efficacy
and reactogenicity,’ Chivukula elaborates. “New translational
tools based on in vitro human immune system models
could be deployed to better predict clinical outcomes!

Most common in pediatric vaccination, combination vac-
cines have successfully controlled several infectious diseases
by combining antigens from separate and defined manu-
facturing process. While this adds complexity, it also creates
opportunities to integrate both viral and bacterial antigens
into a single vaccine dose.

Ideally, mRNA-compatible manufacturing platforms
should be available, versatile, and broadly applicable, al-
lowing for a simple swapping of the target gene sequence
while largely maintaining the rest of the process. Such plat-
forms accelerate vaccine development.

The “extras”that come with mRNA technologies are not
limited to the flexibility and manufacturability issues con-
sidered thus far. Another extra is in the realm of immunity.
Besides providing the target genes to train the immune sys-
tem, mRNA is intrinsically immunomodulatory. Consequent-
ly, using mRNA can lead to augmented immune responses.

“mRNA vaccines mimic infection or immunization with
live microorganisms and stimulate potent T follicular helper
cell responses and germinal center B cell responses leading
to generation of protective antibodies,” Chivukula contin-
ues.“mRNA packaged in lipid nanoparticles can produce

complex antigens in vivo, via engagement of endogenous
ribosomal machinery, with proper post-translational modifi-
cations including assembly. All the mRNA requires is delivery
into the cytosol for translation. No risk of host genome inte-
gration is incurred!

With mRNA technology, it is also possible to adopt in sili-
co design approaches that could facilitate the development
of multivalent vaccines. Such vaccines could be particularly
effective against influenza.

"We recognize that addressing the broader consequences
of influenza virus infection—such as severity of disease, ex-
tent of morbidity and mortality—is a challenge for any novel
technology, Chivukula notes."While it is a high bar to further
improve our differentiated vaccines, we hope mRNA plat-
form technology will help improve the effectiveness of vac-
cines against this persistent respiratory infectious disease!”

Chivukula also observes that in silico design approaches
could expedite vaccine development, helping developers
“deliver high volumes on short timeframes” In addition to
countering multiple strains, new vaccines for upcoming in-
fluenza seasons could be manufactured more expeditiously.

Changing the message

"With an mRNA platform, the only thing that changes is
the’'m;the message,’ says Brad Sorenson, president and CEQ,
Providence Therapeutics. “Our strengths are both in de-
signing the mRNA and manufacturing it at high purity.”

Founded in 2015, Alberta-based Providence focuses on
identifying immunological targets and developing personal-
ized cancer vaccines for glioblastoma, ovarian cancer, and
breast cancer. Providence was set to begin clinical trials with
a lead candidate in 2020, but then a different vaccine crisis
arose, prompting the company to begin applying its techni-
cal expertise in mRNA to a SARS-CoV-2 vaccine.

"Our next step for our SARS-CoV-2 vaccineistorun a
Phase Ill booster trial to address the endemic nature of the
virus,Sorenson states.“Since there are now existing vac-
cines, emergency use authorization for approval is unlikely,
and this has the effect of lengthening the path for regulato-
ry approval. Based on this, we expect approval in early 2023

The unstable mRNA needs protection during delivery,

GENengnews.com | 2022 | 9
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With mRNA Technology, Vaccines and

Therapeutics Stay on Message

and lipid nanoparticles are typically used to encapsulate it
for cellular delivery. To provide such protection, Providence
started developing its own delivery technology. However,
this technology would not have been ready for use with
the company’s COVID-19 vaccine, which needed to be
developed extraordinarily quickly. So, delivery technology
was licensed from Genevant Sciences. “Genevant’s suite
of technology showed that it worked for intramuscular (IM)
injection,” Sorenson notes.

Besides working on a vaccine for the parental SARS-
CoV-2 strain, Providence is working on a vaccine for the
Omicron variant as well as a long-term vaccine with a differ-
ent mechanism to cover a wider class of coronaviruses. The
long-term vaccine would also address variants. Preclinical
work looks promising.

Providence is working with China-based Everest Medicines
on COVID-19 vaccines. “We are looking for additional like-
minded partners for full technology transfer to ensure our
vaccine gets deployed globally, Sorenson remarks. “We also
want to see more targets explored in general. Great aca-
demic scientists have identified targets and want access to
mMRNA platforms. We collaborate with them or support their
research to design and manufacture the mRNA”

Harnessing epigenetics

"Epigenetics is nature’s mechanism to control gene
expression and cellular growth, says Mahesh Karande,
president and CEO, Omega Therapeutics. “All of our genes
along with their regulatory elements are located in loops of
DNA called insulated genomic domains (IGDs)."He adds that

Uptake
into cell

Endosomal
escape

Translation

Omega Therapeutics has developed an epigenomic programming platform to design and engineer modular, programmable mRNA-encoded thera-
peutics called Omega Epigenomic Controllers (OECs). This image depicts the delivery, release, and functioning of an OEC. Inside the cell, the therapeutic
mMRNA expresses an OEC protein, which incorporates a DNA-binding domain and an epigenomic effector. The OECs target Insulated Genomic Domains
(IGD) elements to influence gene expression, potentially treating or even curing disease.
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at the base of each IGD loop there are CTCF proteins that
insulate the IGD from “outside transcriptional machinery!

There are about 15,000 IGDs, and they act as fundamen-
tal regulators of the human genome. IGDs are ubiquitous in
every cell, and they are distributed across the 23 chromo-
somes. “This is nature’s operating system,”Karande notes.
“[It] has enabled us to create the OMEGA Epigenomic Pro-
gramming Platform.

All the regulatory elements within an IGD, such as pro-
moters, enhancers, and CTCF locations, have unique se-
quences that Omega refers to as epigenomic zip codes, or
EpiZips. They can be used as drug targets to control gene
expression. Although CTCF sequences are conserved evo-
lutionarily, their flanking sequences in each IGD are unique.
“All of the EpiZips that control single or multiple genes
within an IGD can be targeted

form,”Karande emphasizes. “Our ability to modulate disease
is extremely broad.

"We tune genes pre-transcriptionally for controlled
disease-specific duration. The specificity of targeting and
the fact that our drug does not have to be continuously
resident to have effect is why we believe our approach will
lead to safer and more efficacious therapeutics than cur-
rent modalities”

Treating the brain

RNA-based therapeutics against neurodegenerative dis-
eases are being developed by Biorchestra, which bases its
target discovery work on the research performed by Bran-
den Ryu, PhD, the company’s founder and CEO. Ryu discov-
ered a novel brain regulator of inflammation, MiR-485-3p,

that plays a role in common, neuro-

with high specificity, enabling
the control of gene expression,’
Karande asserts.

Omega’s epigenetic pro-
gramming platform contains

With CNS therapeutics,
the holy grail is getting
the drug to the brain.

degenerative disorders such as Al-
zheimer’s disease. To downregulate
MiR-485-3p, the company devel-
oped an antisense oligonucleotide
(ASO) as well as a novel nanoparticle

a proprietary database of
thousands of EpiZips. To tar-
get the EpiZips, Omega deploys its aptly named Omega
Epigenomic Controllers (OECs), which are modular and
programmable mMRNA medicines. OECs include a DNA-
binding domain to home in on and bind to a specific
EpiZip and an effector domain, which varies depending
on the modulating effect required.

“We can target a gene with high specificity and tune it to
the right level of expression with programmable durability
to treat acute and chronic diseases," Karande explains. “We
are not changing native DNA sequences but rather tuning
the malfunctioning expression system and restoring it to
normal levels. The approach is personalized to the disease,
not the person

An IND filing is expected this year for a therapeutic that
addresses hepatocellular carcinoma by regulating overex-
pression of the highly autoregulated (and heretofore un-
druggable) MYC gene.“The beauty of our platform is that
it is a deterministic, prospective, and programmable plat-

for delivery of the ASO to the brain.

The highly specific ASO is a
relatively small molecule compared with other forms of
RNA or RNA derivatives. "By combining designs of both the
chemical elements and the bioinformatics elements, and
by looking for potential overlap with known sequences,
you significantly pare down the risks of off-target effects,
says Louis O'Dea, MB, BCh, BAO, the chief medical officer
of Biorchestra and the president of the company’s North
American subsidiary.

With central nervous system therapeutics, the Holy Grail
is getting the drug to the brain. Some small-molecule drugs
pass into the brain quite readily, but larger molecules like
antibodies cannot. Although lipid nanoparticles are suitable
for liver uptake, as they target the cholesterol receptor on
liver cells, they have no affinity for the brain.

"We wanted to extend the lipid nanoparticle approach
that facilitates the liver's uptake of RNA-based drugs,'O'Dea

With mRNA Technology, Vaccines and Therapeutics Stay on Message
continues on page 17

GENengnews.com | 2022 | 1]



RNA Leaders Explre
New Frontiers in

MmRNA-Based
Medications
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Encouraged by the success of mMRNA-based COVID-19 vaccines,
developers advance new technologies for leveraging or targeting mRNA

By Vivienne Raper, PhD
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he history of mRNA-based
medications is now well
known. Early research
revealed exciting pos-
sibilities. At the same time, it posed
daunting challenges, such as mRNA's
fragility. The molecule would break
down before it could deliver its mes-
sage to the right part of the body.
Eventually, key challenges were ad-
dressed by technological advances.
For example, carefully prepared
mMRNA came to be protected by fatty

droplets (lipid nanoparticles). Indeed,

the first mRNA-based vaccines to
incorporate fatty protection were
developed against the Ebola virus.
However, mRNA didn't see world-
wide commercial application until
the COVID-19 pandemic led to the
urgent development of vaccines by

Moderna and Pfizer-BioNTech.

With billions of COVID-19 vaccines
now delivered worldwide, mRNA tech-
nology commands interest. To share
eagerly awaited news about the next
generation of MRNA-based vaccines
and therapeutics, the organizers of
the RNA Leaders World Congress pre-
pared a comprehensive program for
their March 2022 event. The program
covered subjects such as advances in
delivery mechanisms, techniques for
enhancing protein expression, and
projects designed to bring mRNA-
based and -targeted therapeutics to a
wider group of patients. Outstanding
presentations from the event are high-
lighted in this article.

Widening mRNA applications

Thanks to the COVID-19 pandemic,

how mRNA vaccines work is widely
understood. An mRNA vaccine deliv-
ers mRNA into muscle cells. There, the
MRNA provides instructions for mak-
ing the spike protein that is found
on the surface of the COVID-19 virus.
The protein is displayed on the cell
surface, so the protein can trigger the
immune system to produce antibod-
ies against it. Subsequently, the im-
mune system retains a memory and
can respond quickly if it encounters a
SARS-CoV-2 virus using a similar spike
protein to enter body cells.
Messenger RNA has other applica-
tions, such as restoring the function
of damaged tissue. “"RNA therapeu-
tics lends itself well to regenerative
medicine. You need to inject it only
once or twice to start a process to
regenerate an organ or tissue, said
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Stoke Therapeutics develops TANGO (Targeted Augmentation of Nuclear Gene Output) antisense oligonucleotides (ASOs), molecules that are de-
signed to treat severe diseases that occur when a loss-of-function mutation occurs in one of the two copies of a gene. TANGO ASOs bind to premRNA,
the precursor molecule to mRNA, to help a targeted gene—specifically, the functioning copy of that gene—produce more protein. Stoke hopes that
its TANGO ASOs will treat and potentially reverse severe diseases such as Dravet syndrome.
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RNA Leaders Explore New Frontiers
in mMRNA-Based Medications

Klaas Zuideveld, CEO of Versameb,
a company focused on the discov-
ery and development of RNA-based
drugs that can modulate protein ex-
pression and simultaneously attenu-
ate multiple therapeutic targets.

At the RNA Leaders World Con-
gress, Zuideveld presented on the
company’s successful preclinical
work using mRNA to treat stress
urinary incontinence (SUI).“SUl is a
very large indication that affects lots
of women," he pointed out."Until
10 years ago, the mechanism of the
disease wasn't well understood. And
there are no therapeutic options
whatsoever—ijust physical therapy
and surgery.

SUl'is caused by damage to the
urinary sphincter. This damage,
which often accompanies natural
childbirth or results from aging, can
prevent the urinary sphincter from
closing properly. Versameb applies
the mRNA directly to the urinary
sphincter muscles. According to
Zuideveld, the mRNA increases the
expression of a naturally occurring
protein and triggers the muscle’s re-
generative process.

The company uses a modified
form of mRNA that is more effective
than unmodified mRNA. That is, the
modifications allow the regenera-
tive process to be triggered with less
mMRNA. “We show a 20-fold increase

in potency in our preclinical work,’
he asserted.“A small amount of
MRNA injected into muscles leads to
therapeutic levels of protein! (This
observation followed the simulation
of natural delivery in rats.)

A single injection of mMRNA re-
built within nine days the urinary
sphincter of the rats to its pre-preg-
nancy functionality. Following this
preclinical work, Versameb intends
to perform a first-in-human study in
patients with SUI. “Investigators and
urologists are very excited about
being to regenerate this muscle
tissue," Zuideveld stated. “We're
pleased to have [some of] these
people as our supporters shaping
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ReCode Therapeutics has licensed selective organ-targeting (SORT) technology from the University of Texas Southwestern Medical Center. The com-
pany is using SORT to generate lipid nanoparticles that incorporate five components instead of the usual four. The extra component is a selectable
lipid that allows the lipid nanoparticle to target organs beyond the liver, such as the spleen and lung. The company say SORT enables new treatments
for genetic lung diseases such as cystic fibrosis and primary ciliary dyskinesia.
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our clinical program, and they are
key to us starting a clinical trial be-
fore the end of the year”

Targeting mRNA
with TANGOs

Another company is hoping to use
mMRNA technology to treat a serious
disease caused by the loss of a single
functioning copy of a gene. This
company is targeting mRNA precur-
sors with antisense oligonucleotides
(ASOs), which are short, single-
stranded RNAs that are complemen-
tary to mRNA. ASO are typically used
to inhibit mRNA.

The company is Stoke Thera-
peutics. It has developed a tech-
nology platform—TANGO (Targeted
Augmentation of Nuclear Gene
Output)—to develop treatments
that upregulate protein produc-
tion. According to the company’s
website, TANGO ASOs bind to pre-
MRNA, the precursor molecules to
mMRNA, to help target genes pro-
duce more protein.

“When we started the company in
2014, it was clear there are many dis-
eases [in which there is one healthy
copy of a gene and one mutated
copy that fails to produce a protein],’
said Huw M. Nash, PhD, chief operat-
ing and business officer, Stoke Thera-
peutics. “We were intrigued by the
possibility of increasing expression
of RNA to try to compensate for the
missing protein.”

At the time, many researchers
were looking to use mRNA to syn-
thesize the missing proteins, but this

approach was largely unsuccessful
because it triggered the immune
system, Nash explained, and the ap-
plications of MRNA subsequently
pivoted to vaccines. "We realized
that ASOs could boost protein ex-
pression from the wild-type gene
back to almost normal levels, and
that if ASOs were applied at the right
time, they could stop the disease
from progressing.

The TANGO technology is unique,
he explained, because most com-
panies have focused on using ASOs
to inhibit protein expression in
diseases caused by a toxic protein,
such as Huntington'’s. He claimed
that companies that focused on
boosting protein expression primar-
ily targeted diseases where both
functioning copies of a disease have
been lost. In contrast, he empha-
sized, Stoke Therapeutics is focused
on treating diseases caused by hap-
loinsufficiency, the loss of a single
functioning copy of a gene, which
halves protein production.

Stoke Therapeutics currently has
a lead candidate in Phase I/1l stud-
ies for Dravet syndrome, a rare form
of severe, drug-resistant epilepsy.
"Although Dravet has antiseizure
medicines, this is the first disease-
modifying strategy,"Nash asserted.

“It can offer something important

by replacing what's missing in these
children!” Stoke Therapeutics has a
further candidate drug for autosomal
dominant optic atrophy, which the
company plans to move into Phase I/Il
studies in the second half of this year.

Boosting mRNA performance

With mRNA now regarded as a
safe and proven technology, com-
panies are now working to optimize
the dosing and formulation. ReCode
Therapeutics is a genetic medicines
company targeting the underlying
mechanisms of genetic lung dis-
eases, such as cystic fibrosis (CF) and
primary ciliary dyskinesia (PCD).

The company is aiming to en-
code a wild-type version of a
healthy protein that can be incor-
porated into the lung. “We're also
broadening beyond mRNA into
gene correction of the lung," said
Angele Maki, PhD, senior vice presi-
dent and head of business develop-
ment at ReCode. The company, she
detailed, is aiming to make small
corrections to the CF transmem-
brane conductance regulator (CFTR)
gene to help restore lung function
in CF patients.

To advance its program, the com-
pany has licensed a lipid nanoparticle
formulation technology from the
laboratory of Daniel Siegwert, PhD, an
associate professor of biochemistry at
the University of Texas Southwestern
Medical Center.

“Most [lipid nanoparticle] formula-
tions use four components, and [com-
panies] alter the molecules that form
each component,” Maki said.“Ours is a
five-component system, and the last
one can be our choice of lipid”

By choosing whether to use an
ionizable or charged lipid, users of
ReCode’s selective organ-targeting
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RNA Leaders Explore New Frontiers

in MRNA-Based Medications

(SORT) lipid nanoparticle technology can target the lungs,
spleen, or other organs beyond the liver. This differs from tra-
ditional lipid nanoparticles, which are taken up by the low-
density lipoprotein (LDL) receptor in the liver."When lipid
nanoparticles go into the blood, they look like cholesterol,
she explained, “whereas our SORT lipid nanoparticle is taken
up by different receptors on target organs. The company
hopes that its SORT technology can widen the applications
of mMRNA therapeutics and that, as gene therapy technolo-
gies improve, replacing the entire CFTR gene with a cor-
rected copy will be possible.

Replicate Bioscience, meanwhile, has developed a self-
replicating RNA (srRNA) platform with the aim of enhanc-
ing protein expression at lower doses than conventional
MRNA therapeutics. “We think of conventional nonrepli-
cating mRNA as an instruction manual the cell can use,
said Nathaniel Wang, PhD, the CEO of the company.“That
instruction manual falls apart after around two days.

The srRNA delivers a “copying machine” into the cell
along with the instruction manual, Wang explained. It

delivers more protein for a longer time, and how much
protein is produced is uncoupled from what is delivered to
the cell”He added that this leads to a dramatic reduction
in the dose of RNA that's needed—perhaps 1,000-fold or
even 1,000,000-fold compared with a conventional mRNA.

The company, which was founded by srRNA experts,
has addressed challenges unique to the manufacture of
longer srRNAs. According to Wang, Replicate has succeed-
ed through experimentation and the application of analyt-
ics technology, and that the company is confident about
taking its technology into oncology and treating inflam-
matory disease."We got funding only a year ago, and our
pipeline already consists of a half a dozen products and
multiple clinical entities,” he asserted.

Among Replicate’s prospective products is an srRNA
therapy targeted to the mutations that a tumor is likely to
undergo when it is treated with an aromatase inhibitor.
“The tumor,” he explained, “‘can mutate and be destroyed
by the immune system, or it can revert to wild type and fall

prey to the small-molecule drug”  [EEY]
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With mRNA Technology, Vaccines and
Therapeutics Stay on Message  contmuedompage

relates.”Our goal was to develop a delivery system uniquely
focused on facilitating the brain’s uptake of RNA-based drugs.

“Certain proteins are preferentially absorbed by the brain
for its own benefits, O'Dea adds. “That understanding al-
lowed us to attach a ligand to our nanoparticle that is rec-
ognized by the cells requlating entry into the brain. This li-
gand coating of the nanoparticle allows about 60-fold more
of the drug to enter the brain.

nology enables the light-triggered release of molecules
from endosomes. It has been used to enable the release of
up to 50% of an endocytosed protein.

“Since the PCl endosomal release is triggered by illumina-
tion, delivery with PCl can be strictly regulated both in space
and time,"Hagset explains.“Delivery will only be induced in
illuminated areas of the body after illumination occurs. PCl

achieves targeted delivery of

“Our approach provides the
potential to treat Alzheimer’s
disease. MiR-485-3p is also over-
active in Parkinson’s disease and
amyotrophic lateral sclerosis. We

Problems with endosomal
release complicate the
delivery of therapeutics.

therapeutic molecules!

The photosensitizing mol-
ecule, fimaporfin, is designed
to accumulate specifically in
the membrane of endocytic

have shown cognitive improve-

ment in animal models of Alzheimer’s disease, as well as
functional improvement in animal models of Parkinson’s
disease and amyotrophic lateral sclerosis!”

The overexpression of MiR-485-3p occurs in about 90%
of Alzheimer’s patients, leading to inflammation and beta-
amyloid and tau protein overproduction. Biorchestra is not
directly targeting these proteins but rather the process
that causes their overexpression. The company’s approach
targets upstream processes and thereby reduces and clears
both beta-amyloid and tau protein.

“Our central nervous system delivery platform can facili-
tate the work of other companies,’ O'Dea asserts. “We are
open to discussing strategic partnerships to help patients
access life-changing therapeutics more quickly”

Improving delivery

According to Anders Hagset, PhD, chief scientific officer,
PCl Biotech, it is well known that problems with endosomal
release represent a major barrier for the delivery of thera-
peutics, especially nucleic acid therapeutics. Even with the
best systems used today (for example, lipid nanoparticles),
only a few percent of the nucleic acid cargo will be released
from the endocytic vesicles.

The company’s photochemical internalization (PCl) tech-

vesicles. When illuminated, the
fimaporfin molecule will take up energy from the light and
be excited into a high-energy, unstable state.

The energy from this molecule’s unstable state is then
transferred to other molecules, most importantly to oxygen,
to generate reactive oxygen species (ROS). The ROS will react
with other molecules in the endosomal membrane, leading
to membrane permeabilization so that the contents of the
endocytic vesicles will leak into the cytosol.“Importantly,’
Hagset states, “illumination from a suitable light source is di-
rected only at the site that the PCl effect is desired”

PCl Biotech's fimaVacc technology is used for immuno-
therapeutic purposes, especially to deliver antigens into the
cytosol of antigen-presenting cells to increase MCH Class |
antigen presentation and enhance cytotoxic T-cell respons-
es. The antigen can be delivered in the form of peptides,
proteins, or antigen-encoding mRNA molecules.

The company’s fimaNAc technology is used to deliver
various types of nucleic acids in all other therapeutic areas,
such as regenerative medicine and treatment of various skin
conditions.“The therapeutic aim of fimaVacc and fimaNAc is
different,Hagset emphasizes.“Overall, PCl can increase the
efficacy of nucleic acids, reduce their off-target effects, and
achieve targeted, local delivery of therapeutics. We are open
to collaboration in the nucleic acid therapeutic space”  [E31
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New Bead Technology Enables Commercial-Scale

MmRNA Purification

Affinity chromatography beads designed specifically for mMRNA and FPLC
eliminate toxic chemicals and purify tens of grams, removing a key bottleneck

By Gail Dutton

mRNA-based therapies cata-
pulted to the forefront of public
consciousness in the form of vaccines
against the SARS-CoV-2 virus. After that
success, MRNA therapeutics are now
being developed for an ever-growing
number of indications and applications
that include cancer, cystic fibrosis, and
infectious diseases, as well as gene and
stem cell therapies based upon either
gene replacement or gene editing.

However, the purification bottleneck
must be solved before these therapies can be
scaled up and produced in adequate quan-
tities for clinical trials or commercialization.

“Traditionally, small-scale tools and prod-
ucts have been used to purify mRNA, such
as reverse-phase high-performance liquid
chromatography (HPLC), precipitation, and
in some cases, cellulose-based
chromatography,’says Sirat Sikka, field
application scientist at Thermo Fisher
Scientific (Thermo Fisher). Those methods
can be used to purify a few grams of mRNA
and are adequate for bench work and
some applications. Scale-up for clinical trials
and commercialization, however, requires
the ability to purify tens of grams or even
tens of kilograms of mRNA.

"At Thermo Fisher, we understood the
importance of MRNA and knew, even
before the pandemic, that mRNA would
be widely used;’Sikka recalls. Since then,

18 | 2022 | GENengnews.com

scientific and trade journals alike have cited
MRNA therapeutics and vaccines as disrup-
tive advances that can change the future of
medicine and ease of manufacturing, and
the ability to target pathways that otherwise
are undruggable. Industry analyst Research
and Markets predicts the global segment
for mRNA therapeutics will grow from $46.7
billion in 2021 to $101.3 billion by 2026.
That's a compound annual growth rate of
16.8%. (https//www.researchandmarkets.
com/reports/5441159/mrna-therapeutics-
and-global-markets-2021-2026).

Relieving the bottleneck

To be ready for such rapid growth in
MRNA development, Thermo Fisher began
developing a new affinity chromatography
resin to isolate and purify mRNA long before
the technology became a“household word!
The team sought to develop a resin enabling
improved recovery, increased purity, and
enhanced reproducibility.

The POROS™ Oligo (dT)25 Affinity
Resin—the resulting product—is a 50 um
poly(styrene-co-divinylbenzene) cross-
linked porous bead functionalized with
deoxythymidine (dT) strands that bind
to mRNA via the poly-A tail (a chain of
adenine nucleotides) that is on the three-
prime end of all MRNA molecules.

One of the challenges is the size of mRNA.
Itis alarge molecule —20 to 50 nm or greater
in size that varies with construct length and
solution composition—so there can be limita-

tion to diffusion through the chromatography
media and, therefore, hindrance to mass trans-
fer, Sikka explains. Because the POROS™ beads
have large throughpores the surface area
available for interaction between the resin and
mMRNA molecule is increased leading to higher
capacity. The large pores also result in a re-
duced mass transfer resistance, which helps to
improve process efficiency and productivity.

“The POROS Oligo (dT)25 Affinity Resin
minimizes the need to deal with organic sol-
vents that are often used with HPLC systems,’
Sikka continues.”Using organic solvents in
large volumes becomes an issue for manu-
facturing!” She cites safety concerns regard-
ing solvent disposal as well as the need to
retrofit facilities to deal with them.

Instead of using toxic chemicals, after
MRNA synthesis the column is loaded “with
MRNA plus salt (for example, NaCl)! This neu-
tralizes the negative charges on the RNA mol-
ecules so the poly-A tail can bind with the dT
strands on the beads. Then, she says, “Elution
can be performed using a low-conductivity
buffer, or even water in some cases. Impuri-
ties and salt ions are washed away. With the
sodium removed, the negative charges on
poly-dT and the poly-A tail repel each other,
freeing the purified mRNA and generating a
recovery, typically above 90%, depending on
the elution buffer and mRNA construct size.

From bench to manufacturing

The POROS Oligo (dT)25 Affinity Resin is
designed for scalable purification processes,
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soitis used to pack fast protein liquid chro-
matography (FPLC) columns.“The columns
can be packed to multiple column size ac-
cording to customers'needs, based on their
process development and optimization,’
Sikka says."We also have small-volume pre-
packed columns and Robocolumns. The 1
mL and 5 mL prepacked columns could be
used with HPLC if needed, but that would
only allow customers to purify very small
sample volumes, may require re-plumbing
and is usually not ideal for process develop-
ment, so switching to FPLC is preferred. What
customers mostly are looking for when they
choose this resin is to scale-up purification,
so they use it with FPLC systems!

Sikka says this affinity resin is a good op-
tion for scientists interested in developing a
platform process that can be implemented
for a variety of mRNA constructs. One of the
benefits of using mRNA is that the same
construct backbone could potentially be
used to express different proteins. As a result,
scientists can potentially use a platform pro-
cess for multiple mRNA programs.

While researchers may switch out the gene
of interest, “they could still be working with
mMRNA of comparable sizes,’ Sikka explains.
“For example, depending on the protein they
are trying to express, if the size range of all the
constructs is between 4000 to 6000 bases,
they could use this as the first capture step
and develop a platform process.! Working with
much larger mRNA, such as self-amplifying
could require some additional development.

As a platform technology, the first purifi-
cation step with POROS Oligo (dT)25 would
remove digested DNA template, nucleo-
tides, enzymes, and buffer components.

This could be the only step in the process
before concentration and buffer exchange. If
needed, a second chromatography step can
be developed with POROS™ hydrophobic
interaction chromatography (HIC) or anion
exchange chromatography (AEX) resins to

remove double-stranded RNA and uncapped
or residual incomplete RNA transcripts.

“Starting with this resin during the research
and discovery phase lets scientists continue
using the same purification resin all the way to
commercial manufacturing; she says."This also
eases the process of transitioning from one
mMRNA construct to another of similar size”

As she elaborates,"Once used in a pro-
cess, the resin is already in the system and
accepted by the customer’s quality team”
Additionally, scientists needn't redevelop
their purification steps during each phase of
scale-up, which minimizes the need to on-
board a variety of chemicals and solutions
or develop different buffer compositions,
thus accelerating process development and
reducing time to market. The resins are also
reusable, which reduces the cost of goods.

“Importantly, POROS Oligo (dT)25
Affinity Resin beads are available for GMP
production, and we provide the regulatory
support package; Sikka says.

Transitioning to a new bead

Switching to the POROS Oligo (dT)25
Affinity Resin is just a matter of ordering the pre-

packed columns if customers already use FPLC.

“A lot of our customers, however, are
still at the research scale and are interested
in scaling up;’ Sikka points out."They don't
necessarily have FPLC systems, and are
trying to understand their options”

In those instances, she recommends
ordering loose POROS Oligo (dT)25
Affinity Resin, which can be used in spin col-
umns or microfuge tubes in a batch mode.
If that works well for their purposes, they
may consider investing in an FPLC for further
purification optimization and scale-up.

“Thermo Fisher is very focused on the
modern day," Sikka says, with solutions that
address current and emerging purification
challenges. Today, that means an intense
focus on mRNA purification.

As interest in mRNA therapeutics con-
tinues to increase, the company’s R&D is
focusing on understanding the complexity
associated with purifying self-amplifying
mMRNA, removal of product related impurities
such as double-stranded RNA and abortive
transcripts, and use POROS Oligo (dT)25
Affinity Resin and other technologies to resolve

existing and emerging challenges. [

Before mRNA-based therapeutics can be produced in adequate quantities for clinical trials and
commercial distribution, it will be necessary to remove a key bottleneck: mRNA purification. Exist-
ing methods usually purify just a few grams of mRNA, not the tens of grams or even the tens of
kilograms needed. To improve mRNA purification, Thermo Fisher has developed the POROS Oligo
(dT)25 Affinity Resin. Unlike alternate purification approaches, chromatography with a bead-based
resin has excellent scalability. Notably, the resin selectively captures mRNA via the polyadenylated
tail using simple salt and water purification steps. Artur Plawgo/Getty Images
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