BUBBLE-WRAPPED REMEDIES:

HOW LIPID-ENCASED THERAPEUTICS
COULD TRANSFORM INHALATION

In this article, Ethan Miller, PhD, Senior Biophysicist, and Heather Jameson, PhD,
Senior Engineer, both at Springboard, shed light on some of the intricacies that
lipid-encapsulated therapeutics bring to the realm of inhalation therapies, and some
considerations on how the type of inhalation device selected may help to mitigate
issues around formulation stability and efficient delivery to target cells.

In the post-covid-19 era we have witnessed
a notable shift in vaccine development with
the advent of lipid nanoparticle (LNP)
vaccines, representing a groundbreaking
approach to immunisation, opening new
avenues for developing vaccines against
various pathogens and reshaping the
future of preventive medicine. LNPs offer
a means of “bubble-wrapping” therapeutic
cargo, protecting it from degradation and
facilitating its internalisation into cells.
Additionally, RNA-carrying LNPs provide
a unique opportunity to treat respiratory
diseases resulting from inherited anomalies,
using techniques such as gene editing,
silencing or replacement therapies to treat
the root cause of the diseases.!

The systemic delivery of LNP therapies
via intravenous (IV) injection has significant
challenges for pulmonary disorders; the
first being the coating of LNPs with
apolipoprotein E (ApoE) protein in blood
plasma. This ApoE coating causes LNPs
to be preferentially delivered to the liver
rather than desired pulmonary tissues. Such
challenges in IV injection of pulmonary
therapies make inhalation a promising
avenue for LNP delivery.

However, the delivery of lipid-
encapsulated therapies via inhalation is not
without its own challenges, with mucus?
and lung surfactant! impacting the efficacy
of LNP therapeutic delivery to target cells.
Further challenges are presented by the
mechanical or thermal stresses exerted on
LNPs during the aerosolisation or drying
processes. This article will explore some of
the recent developments that are aiming to
overcome these challenges, and unlock the
potential of inhaled LNP therapeutics.

NANO CARGO SHIPS:
WHAT IS LNP ENCAPSULATION?

LNPs are tiny particles typically ranging
from 10 to 200 nanometres in diameter.
These nanoparticles can be designed to target
specific tissues or cells, release their cargo in
response to specific triggers (such as pH or
enzymes), and improve the bioavailability
and efficacy of therapeutic compounds.
LNPs can be used to encapsulate
therapeutic compounds, such as drugs
or genetic material (like RNA or DNA).
The LNP provides a protective shell for
nucleic acids and other therapeutic cargos,
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Figure 1: Simplified illustration of LNP and its constituent components. Based on

illustrations from Albertsen (2022).3
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Figure 2: Methods for nebulisation. (A) Vibrating mesh nebuliser; a flexible mesh mounted on an actuator that stretches and
vibrates to aerosolise the contained liquid. (B) Imping jet nebuliser: two jets collide at a high velocity, breaking up into small
droplets. (C) Rayleigh break-up: fluid is pushed through a thin nanopore membrane at low pressure, creating multiple jets that
subsequently break up in equally sized droplets. Based on illustrations from van Rijn et al (2023).6

as illustrated in Figure 1, preventing
enzymatic degradation until the cargo is
successfully delivered to the target cells.’
The successful delivery of the nucleic acid
cargo into the target cell is known as
“transfection”.

A wide variety of therapeutics can be
delivered via LNP encapsulation, including
small molecule drugs, nucleic acids (such
as DNA, RNA, siRNA), vaccines, proteins,
peptides, imaging agents and gene editing
tools. The approach has applications not
only for drug delivery and gene therapy
but also in diagnostics and imaging. LNP
encapsulation can enable the development
of more effective and targeted therapies for
various diseases and conditions, offering
potentialimprovementsin efficacy, safety and
patient outcomes.

SHEAR BRILLIANCE:
MITIGATING THE IMPACT OF
SHEAR STRESS ON LNPS

Nebulisers and soft-mist inhalers aerosolise
liquid formulations, generating a fine mist
that the patient inhales to achieve direct
delivery of therapeutics to the respiratory
tract. The aerosolisation process may
subject the LNPs to high shear forces,
especially during nebulisation or when
passing through narrow orifices. These
forces can cause structural alterations
or complete rupture of the lipid bilayer,
leading to the premature release of
encapsulated agents and, consequently, a
significant loss of efficacy.*
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"To mitigate the impact of shear forces on LNP rupture
and loss of efficacy, extensive research is underway
Into shear-reducing aerosolisation techniques.”

Nebulisation Mechanisms

To mitigate the impact of shear forces on

LNP rupture and loss of efficacy, extensive

research is underway into shear-reducing

techniques.  Vibrating
(Figure 2A)

to be a more suitable method of gene

aerosolisation

mesh nebulisers appear
therapy delivery compared with jet and
ultrasonic nebulisers.* Conventional jet
nebuliser designs (Figure 2B) often require
a baffle in the aerosolisation mechanism,
creating large shear forces in the aerosolised
product as it exits the nozzle. Instead,
vibrating mesh nebulisers use a microscopic
mesh vibrating at ultrasonic frequencies to
create a fine mist from liquid medications.
of baffles within the
vibrating mesh nebulisers reduces shear
stress and damage to the LNPs and their
cargo.’ Future vibrating mesh nebuliser

The absence

technologies will likely incorporate bespoke
mesh technologies tailored for specific drugs
and therapies, optimising drug delivery
for the particular formulation of LNP
encapsulated therapy.

In addition to the established nebuliser
aerosolisation mechanisms, two further
mechanisms have been employed in soft-
mist inhalers: impinging jets (Spiriva
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Respimat (Boehringer Ingelheim, Ingelheim
am Rhein, and Rayleigh
(Enschede, the

Netherlands)). A study comparing three

Germany))
break-up (Medspray
nebulisation techniques, including vibrating
mesh, impinging jets (Figure 2B) and a
novel design employing Rayleigh break-up
(Figure 2C), found that reducing the energy
level required to aerosolise the formula
is critical to safeguarding the integrity of
the LNP and cargo.® The Rayleigh break-
up mechanism requires much lower
energy input to aerosolise the formula
(2 J/g verses >20 J/g for other mechanisms),
and hence was found to be the most
successful. However, the nanoscale pores
required may present manufacturing and
maintenance challenges.

Lipid Composition Optimisation

The optimisation of lipid composition for
increased resilience and developing novel
formulations with inherent protective
properties against mechanical stress is also
a strategy under investigation. A recent
study showed optimising LNP composition
could improve mRNA transfection after
aerosolisation via a mesh nebuliser,
by switching the ionisable lipid for a more
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saturated variant. This resulted in the
aerosolised LNP being more effective at
transfecting gene therapies to lung tissues
in mouse models.”
The promising developments in
nebulisation technology and optimisation
of lipid
the challenges

composition  suggest that
associated with the
mechanical stresses of nebulisation are not
insurmountable. Hence, we should expect
that liquid formulations and their associated
inhaler devices will remain relevant
in the future development of inhaled

LNP drugs.®

POWDER PIONEERS:
LNPS IN DRY POWDER INHALERS

In addition to the challenge of shear forces,
formulation in a liquid state increases
the tendency of premature protein drug
degradation during storage. The alternative
to liquid nebulisation is to first formulate
as a dry powder and deliver using a dry
powder inhaler (DPI). DPIs have the benefit
of convenience compared with nebulisers,
being generally smaller and more portable,
as well as cheaper. Compared with
pressurised metered dose inhalers, they do
not require propellant, which would need
to be compatible with the drug.

Drying Techniques
Spray-drying is a common method employed
for producing therapeutics as powders.
The lipid solution containing the API is
atomised into fine droplets using a nozzle.
These droplets are dried rapidly in a heated
chamber, resulting in the formation of solid
LNPs encapsulating the drug, suitable for
pulmonary delivery through DPIs.
Spray-dried LNP formulations have been
shown to be able to achieve low residual
moisture levels (below 0.5%).

"‘Studies have shown
that the optimisation
of the excipient, the
inactive vehicle of the
LNP with the dry
powder formulation,
can significantly
improve formulation
characteristics.”

‘Advances in nanotechnology, such as the development
of functionalised nanoparticles for targeted drug
delivery and imaging, hold promise for synergistic
approaches to disease diagnosis and treatment.”

When inhaled, the dry powders form
particles sized between 1 and 5 pm, which
are ideal for deep inhalation into the lung
and deposition in the alveolar region.
Importantly, recent studies have shown that
spray-dried LNPs retain their capability
for transfection and can be used to deliver
gene therapies.” Advanced drying techniques
are also being developed, with one study
preparing  siRNA-encapsulated  solid
LNPS by thin-film freeze-drying showing
promising results.'’

Excipients

Studies have shown that the optimisation
of the excipient, the inactive vehicle of the
LNP with the dry powder formulation,
can significantly improve formulation
characteristics. The combination of
both mannitol and leucine has been
found to create much smoother and
spherical LNPs when observed through
a scanning electron microscope, and the
addition of ethanol in the inlet feed aided
in reducing the particle size of the dry
powder product.!

Historically, the choice of excipients
approved for inhalation has been limited,
with lactose and magnesium stearate
being, by far, the most widely used
compounds in inhaled drug products.'
Diversification of approved excipient
compounds will aid the future development
of stable inhaled LNP therapeutics.®

PUFFING PROGRESS:
FUTURE CONSIDERATIONS FOR
LNP IN INHALATION DEVICES

LNP therapeutics and inhalers are poised
to drive innovation in pulmonary drug
delivery, enhancing efficacy, safety and the
patient experience. As highlighted in this
article, one method of advancement lies
in the refinement of LNP formulations to
optimise their physicochemical properties
for targeted lung delivery. This involves
tailoring lipid composition, surface
modifications and encapsulation strategies
to improve stability, bioavailability and

cellular uptake within the lungs.
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In parallel, advances in nanotechnology,
such as the development of functionalised
nanoparticles for targeted drug delivery
and imaging, hold promise for synergistic
approaches to disease diagnosis and
combining LNP-based
therapeutics with imaging agents or

treatment. By
nanoparticles,  clinicians can  gain
insights into disease progression, monitor
treatment response and tailor therapy for
optimal outcomes.

The integration of innovative
technologies in the inhalation devices is also
promising, for example, the incorporation
of microfluidics architectures. A recent
study demonstrated a microfluidic system
for producing aerosolised nanoparticles
for inhaled mRNA therapy.!® The particles
were generated by individual microfluidic
nozzles for precise droplet ejection,
allowing for the low shear generation of
droplets with minimal LNP disruption,
aggregation or cargo leakage.

Overall, the future of LNP therapeutics
and inhalers lies in multidisciplinary
collaboration, technological innovation and
a patient-centric approach to respiratory
care. By harnessing the potential of LNPs
and inhalation devices, researchers and
clinicians can revolutionise the management
of lung diseases, improving quality of life and
clinical outcomes for patients worldwide.

ABOUT THE COMPANY

Springboard is an engineering consultancy
that specialises in developing devices from
concept to manufacture for regulated
markets. The company is an expert in
creating innovative yet robust designs and
solving difficult technical problems quickly.
As part of the Sanner Group, Springboard
also has access to expertise in design for
manufacture and mass manufacturing
capabilities to help scale up from
prototyping to full-scale production.
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