DRUG DISCOVERY/DEVELOPMENT & DELIVERY

Unfolding the Science
of Senescence

The ever-ageing global population
has led to an increasing prevalence
of protein misfolding diseases, which
underlie a number of serious and
chronic  degenerative  conditions.
The misshapened  structures  of
these abnormal proteins make them
aggregation-prone, leading to the
formation of toxic aggregates that
underlie various disease pathologies.
As the details of the science of this
process continue to unfold, new
therapeutic approaches to combat
this  fundamental mechanism  of
senescence are now  emerging.
Pre-eminent amongst the range
of protein misfolding diseases s
Alzheimer’s dementia, which is now
being confronted by a number of new

and potentially disease-modifying
therapies.
Proteins are essential for life

but, as we age, misfolded forms of
proteins can accumulate and then
aggregate together into soluble protein
assemblies. Normal protein folding
is the physical process by which the

Table 1

chains of amino acids fold into their
characteristic and functional three-
dimensional  structure.  Misfolding
occurs when this process fails. A
variety of seemingly unrelated chronic
degenerative diseases have all been
linked to a fundamental pathogenic
process of protein aggregation of
proteins, resulting from this misfolding
process'® In each case, a specific
protein or peptide aggregates to
form toxic soluble oligomers, formed
from two or more peptides, and
then, ultimately, insoluble amyloid-
like fibres. Toxic soluble oligomers
are widely believed to cause the
progressive degeneration of the cells
associated with these diseases. Table
1 lists some of the misfolded proteins
that underlie diseases resulting from
the toxicity of misfolded proteins.
Amyloid is a protein that can be
particularly prone to misfolding. It is
estimated that diseases resulting from
amyloid toxicity affect over 60 million
people in the developed world, about
half of these suffering from dementia,

AMYLOID PROTEIN

CLINICAL SYNDROME

Amyoid- peptides (1-40, 1-42)

Alzheimer's disease & Inclusion body myositis

Amylin or Islet amyloid polypeptide (IAPP)

Type Il diabetes

2-Microglobulin

Dialysis-related amyloidosis

-Synuclein

Parkinson's disease

Prion protein

Transmissible spongiform encephalopathies
[e.g. Creutzfeldt-Jakob Disease (CJD)]

Tau

Fronto-temporal dementias

Huntingtin (polyQ expansion)

Huntington disease

Superoxide dismutase

Amyotrophic lateral sclerosis

Transthyretin

Senile systemic amyloidosis
Familial amyloidotic polyneuropathy

y-Crystallin Cataract
Lysozyme Lysozyme systemic amyloidosis
Ig light chains Primary systemic amyloidosis

Serum amyloid A

Secondatry systemic amyloidosis
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of which Alzheimer’s disease (AD) is
the most common type. Modulating
the aggregation of misfolded amyloid
species has the potential to fill the
void of unmet medical need resulting
from the current lack of disease-
modifying therapies for the treatment
of AD. Typically, AD is categorised
by the presence of misfolded protein
deposited as plagues in regions of
the brain associated with memory.
These plaques are mostly composed
of amyloid, which is a small protein,
usually in the form of beta-amyloid
or amyloid-beta (Ap). Under normal
circumstances, there are essentially
two forms of the protein, a shorter and
a longer version, comprising 40 and 42
amino acids respectively. In the brains
of AD sufferers, the concentration of
AP rises in the areas surrounding brain
cells. Ap occurs naturally in the body
but, at higher concentrations both
AP and especially the longer version
become neurotoxic. A large number
of studies have confirmed that the
longer Ap42 is the more neurotoxic
form of Af. Oligomers, which are
soluble aggregates of AB, have been
shown to be a toxic species and these

can have subtle, detrimental effects
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oligomers aggregate into Ap fibrils
and thence into plagues. In an overall
process that is commonly referred to
as the ‘AP cascade’®4, the progressive
accumulation of Ap aggregates is
believed to be fundamental to the initial
development of neurodegenerative
pathology and to trigger events such
as neurotoxicity, oxidative damage
and inflammation that contribute to the
progression of AD%6. The combination
of Ap’s damaging effects on the
normal functioning of neurones and
their eventual death underlies the
characteristic decline in cognition,
most notably associated with memory
deficits. The progressive damage
caused by AP sets up a cycle of cell
death that eventually leads to almost
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in our scientific understanding of
misfolded toxic amyloid assemblies
that provides further impetus for this
approach.  Therapeutic  strategies
to date have mainly focused on
antibody-based  approaches,  but
antibodies have significant limitations
with bioavailability and can also have
potential immunogenicity problems
with chronic administration. An early
vaccine (AN-1792) did demonstrate
benefit in neuropsychological test
battery tasks in a 375-patient Phase
Il trial. However, 6% of the patients
developed encephalitis  and the
inflammation caused by the vaccine
would preclude its therapeutic use.
Emphasis has now mostly shifted
towards a passive immunisation
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apineuzumab, a
clonal  antibody
is now in Phase
st advanced of a
/ products in the
»ody approaches,
1 penetration and
lability are issues
solved and could
if such potentially
erapies.
small molecule
inhibitors of Af
been relatively
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compounds claimed to be inhibitors of
A aggregation are often unsuitable in
terms of their overall biological profile.
However, RS-0406 is a non-peptide
small molecule which has been shown
to be an effective inhibitor of Ap toxicity
and is also capable of significantly
inhibiting AR aggregation’. RS-0406
also protects neurones against Ap-
induced cytotoxicity and rescues
synthetic Ap-induced impairment of
electrical activity in rodent brain slices
by specifically inhibiting oligomer
formation®. RS-0406 also arrests
Ap  oligomer-induced  behavioural
deterioration in the rat® and blocks
natural oligomer formation in cells
stably expressing human Alzheimer-
related mutations, but does not appear

to disassemble natural oligomers®.
Consequently, the chemical structure
of RS-0406 has proved to be a suitable
molecular framework from which to
engineer modifications to improve its
potency, specificity and bioavailability
to ultimately provide suitable anti-
amyloid aggregation drug candidates.
Medicinal chemistry techniques have
been exploited to examine the potential
ofRS-0406 analoguesto have improved
potency, as well as removing potential
metabolic and toxicological liabilities
from these molecules. To achieve this,
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been undertaken over a number of
years to improve its drug-like nature.
RS-0406 is a symmetrical molecule
but this feature is unnecessary for
activity, as has been demonstrated
with  early analogues, such as
SEN1186 and SEN1269. Further
medicinal chemistry has focused on
improving the phamacokinetic profile
and gaining CNS penetration with later
generation molecules. These structural
modifications have subsequently led
to the identification of more attractive
analogues, SEN1500 and, latterly,
SEN1576, which are  promising
compounds that have now undergone
extensive pharmacological profiling.

In particular, the in vitro activities
of SEN1500 have demonstrated that
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