Drug Discovery, Development & Delivery

Advancing IBD Management with Targeted Therapies and
Innovative Oral Drug Delivery

While the cause of the disease is not

fully understood, studies indicate that the
inflammation involves a complex interaction
of factors, including the genes the person
has inherited and the presence of foreign
substances (antigens) in the immune system.
These antigens may be the direct cause of
the inflammation, or they may stimulate the
body's defences to produce and sustain an
inflammatory response.

This response is characterised by
hyperactive macrophages, white blood cells
that act as the gatekeepers of balanced
gut immunity. In IBD, macrophages secrete
cytokines with numerous damaging effects
on tissue and other cells around them. Some
of the key cytokines in IBD are TNF alpha, IL-6,
117, 11:23.

In a healthy person, the production
of these pro-inflammatory cytokines is
controlled, in IBD patients it is unbalanced
and leads to persistent inflammation that
causes tissue damage. In addition, anti-
inflammatory cytokines, such as IL-10, are
actively suppressed, leading to a further
immune imbalance in the gut.

Scientific Knowledge Gaps

To better understand and treat IBD, genome-
wide association studies (GWAS) have
identified segments of DNA associated with
the disease at 215 different chromosomal
sites,? yet scientists have only been able to
pinpoint the exact mechanisms involved for
four of them.?

In a recently published paper in Nature
James Lee, a clinician-scientist who runs a
research group at the Francis Crick Institute
in London, and colleagues, used functional

genomics to investigate an intergenic
haplotype on a ‘gene desert’ (swathes of the
genome that initially appeared to contain
nothing of relevance) known as chr21q22,
which has been linked to IBD and other
inflammatory diseases. They identified that
the causal gene, ETS2, is a central regulator
of human inflammatory macrophages and
their inflammatory cytokine status and may
therefore be an appropriate target for future
IBD treatment, with its inhibition potentially
being clinically superior to the inhibition of
single cytokine targets.

Given that the complexity of IBD is
nowhere near fully understood, there is
also a lack of appropriate biomarkers, which
hampers treatment possibilities. Diagnosis
and monitoring of the disease relies heavily
on invasive and expensive endoscopy and
imaging techniques. Several serum biomarkers
have been established as reliable measures
for disease activity in IBD,>® however, many
of them have limitations in terms of their
specificity, sensitivity, responsiveness, and/
or other desirable attributes.’ Because of this,
there is a growing interest in switching from a
single biomarker to a multiple panel approach
specific to IBD and that can enable differential
diagnosis and treatment of Crohn's disease
versus ulcerative colitis.

The identification and effective use of
new biomarkers would improve diagnosis
and help to predict treatment success. It
would also ensure that treatment could
begin before the clinical manifestation of
symptoms, which could significantly improve
the quality of life of patients living with this
chronic disease.

Current Treatment Options

The IBD treatment market globally was worth
$20.4bn in 2023 and is expected to grow by a
CAGR 0f 3.9% to over $27.6bn by 2030,2 driven
by both increased incidences of the disease
and development of new treatments.

Original treatment of IBD was dominated
by aminosalicylates, corticosteroids, and
immunosuppressive agents, although
they produce side effects that can include
depression, osteoporosis, and susceptibility
to infection due to the non-specificity of drug
action.”®" This brings further limitations, such

as non-target site toxicity and limited efficacy
in the complete remission of the severe last
stages of IBD?

Targeted therapeutics, especially
antibody therapeutics, directed to a more
specific mechanism of action have led to
reduced side effects as well as improved
therapeutic efficacy”* These drugs, known as
TNF inhibitors, accounted in 2002 for 45% of
the overall market® and include Infliximab,
Adalimumab and Certolizumab. However,
these biologics are large molecules and
are susceptible to rapid elimination by the
body's systems if administered unprotected.
Furthermore, these antibodies are admini-
stered systematically as they cannot be
taken orally, meaning they lack localised
delivery. So far, the only formulations
approved by regulators are for injectables,
which require intravenous administration at
regular intervals under expert supervision
and therefore lack patient compliance.

siRNA-based Treatments Emerge

As an alternative to systemic antibody
therapeutics, small interfering RNAs (SiRNAs)
directed at silencing proinflammatory
cytokines have gained great attention from
many research groups However, systemic
treatment with injectable siRNA-based
therapeutics also results in non-compliance
and causes unwanted side-effects caused by
the systemic depletion of cytokines.

Specific delivery of siRNA to the desired
inflamed site of the Gl tract is needed and
thus the most efficient route of administration
would be oral, as the treatment would be
released where it is needed most: the gut.
However, there is a lack of oral drug delivery
systems that have a demonstrated ability to
protect siRNA from the harsh environment of
the Gl tract and selectively deliver siRNA to
desired target sites.

Due to the attractiveness of oral
treatments, both for patient compliance and
comfort, as well as their obvious suitability
for a disease of the Gl tract, the oral IBD
treatment segment is expected to be worth
$7bn by 20302 - 25% of the total market.

Orally delivered, small molecule janus
kinase (JAK) inhibitors have recently
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generated interest, with The European
Medical Agency having approved three of
them for treating adults with moderate to
severe Ulcerative Colitis,> However, their lack
of tissue selectivity causes safety issues in
other organs!®

Novel Delivery Systems for Oral IBD
Treatment

Efficient siRNA delivery into the target cells
is a key challenge that's currently hampering
its potential in IBD drug development.
Nanoparticle-based delivery systems may
hold the key to better treatment for sufferers
of IBD.

Nanocarriers composed of lipid
nanoparticles — which are often the first
port of call - are generally biodegradable,
biocompatible, with low or no immunogenicity
and toxicity. However, in some cases, these
nanocarriers are not completely inert,
because some cationic lipids can reduce
mitosis in cells, form vacuoles in the
cytoplasm, and cause detrimental effects on
key cellular proteins such as protein kinase
C. Other notable disadvantages include their
limited stability, their relatively low capacity
to load siRNA, and, occasionally, the possible
interaction and breakdown of pay-loaded
nucleic acids”

Alternative nanoparticles that aim to
address the drawbacks of lipid-based systems
include Nuvec® (N4 Pharma): a non-lipid,
non-viral, silica-based nanoparticle with
targeting capability and nucleic acid payload
protection.

Nuvec nanoparticles are hollow silica
spheres covered in thin silica structures that
are functionalised with polyethyleneimine
(PEI) to enhance binding of macromolecules.
Their unique irregular surface structure
effectively traps and protects siRNA as it
migrates to the target cells (Figure 1).

Aseries of pre-clinical studies have shown
that Nuvec's surface structure protects the
SIRNA (within the spikes on the particles) from
enzyme attack.

At the site of action, the particle enters the
target cell where the SiRNA is released in the
cytosol the siRNAs action results in degradation
of a homologous mRNA sequence in the cell,
resulting in reduction of the relevant protein
and consequent inhibition of cell growth. This
mode of action allows for precise targeting
and the inhibition of identified signalling
pathways with reduced: toxicity; immune
system response; and potential side effects.

Figure 1. Graphic of Nuvec particle

In proof of concept studies in vivo, the
successful oral administration of Nuvec loaded
with a deoxyribonucleic acid (DNA) plasmid
for ovalbumin has been confirmed. The Nuvec
was administered by enteric coated capsule
and the contents, having been released in the
intestinal lumen, were taken up by intestinal
cells, with successful transfection and release
of the newly synthesised ovalbumin. This
work together with studies demonstrating
that Nuvec resists chemical and enzymatic
degradation affirms the potential of Nuvec
as means of oral delivery of oligonucleotides
including SIRNA and MRNA.

The next evolution of siRNA therapies is
likely to be solutions that deliver more than
one molecule intracellularly, rather than
using a formulation containing a mixture
of two different siRNA, with each one being
singularly delivered to a different cell.

In IBD treatment, suppressing the
production of the pro-inflammatory cytokines
and increasing the presence of the anti-
inflammatory cytokines should improve the
condition significantly. N4 Pharma has shown
via in-vitro experiments that it's possible to
load multiple siRNAs onto the same Nuvec
nanoparticle for combination therapies.

Conclusion
Sufferers of IBD currently have no option
other than to make do with current untargeted

treatments that are difficult to take and carry
risks. With the increased investment and
development into nucleic acid-based drugs,
there is now hope that future treatment will
be safer and easier to administer.

The next generation of IBD treatments will
focus on achieving effective oral delivery of
inflammation inhibitors - whose success
depends on improved delivery technologies.
If, at the same time, treatment can help
promote the body's own anti-inflammatory
immune response, IBD sufferers should
benefit from more effective and specific
management of this chronic condition.

As research continues into the causes of
IBD and more biomarkers are discovered,
these targeted treatments provide the
opportunity for early intervention, prior to
symptoms occurring, enhancing quality of
life for IBD sufferers.
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