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ABSTRACT

This literally overview looks into the effectiveness of the current treatments available to patients suffering from Alzheimer’s
disease. There are many factors linked to the pathogenesis of Alzheimer’s disease (AD). Ultimately, AD is caused by the
selective loss of neurons in regions of the brain such as the hippocampus.

The disease process is ‘a kind of reversal of ageing’, with the sufferer losing management function, the ability to make
judgements, evaluate courses of action and their consequences, and undertake multifaceted tasks. The need for a cure is
apparent. Nonetheless, current treatments are not effective enough for sustained treatment of Alzheimer’s.

The article explores the differences in function between acetyl-cholinesterase inhibitor, NMDA receptor antagonist,
y-secretase modulator, anti-Af} antibody and insulin therapy in relation to Alzheimer’s. It has become evident that as of
yet, we have been unable to arrive at a certain cure for this disease. However, we are now able to prescribe to patient’s
drugs that can aid in making their quality of life as an Alzheimer’s patient and the families of the unfortunate more

bearable.
them.

the disease, and which causes the most damage.

Some treatments can help slow the onset of the adverse effects of Alzheimer’s, if spotted early; but not stop

It is hopeful to think that a cure is near. It’s currently unlikely as we still do not fully understand which elements trigger
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INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative disorder
and the most common cause of dementia.! Progressive
loss of memory and cognitive function are hallmarks of
Alzheimer’s?, which eventually results in behavioural and
personality changes. The patient may be apathetic, socially
withdrawn, or disoriented in familiar environments,
and his inhibitions may become so reduced that he acts
bizarrely and inappropriately in public. The disease
process is ‘a kind of reversal of ageing3 with the sufferer
losing executive function, the ability to make decisions,
evaluate courses of action and their consequences, and
undertake complex tasks.* The extensive damage to the
frontal lobes of the brain, thought to be responsible for
complex thought and reasoning is an underlying cause of
Alzheimer’s, and this atrophy results in the devastating
final stages of Alzheimer’s: the patient becomes bed-
bound, unable to communicate, and unable to eat or drink
due to the loss of coordination of muscles that control
swallowing.’ Death results after a period of up to ten years
from diagnosis.

There are many factors linked to the pathogenesis of
Alzheimer’s disease. Ultimately, AD is caused by the
selective loss of neurons in regions of the brain such as
the hippocampus (implicated in memory) and the cerebral
cortex (responsible for reasoning, memory, and language).
Neurons do not get replaced because they remain in
the GO phase® and do not undergo mitosis, therefore, a

neuron must live as long as its host.” It is for this reason
that the adult brain cannot repair itself, although it does
compensate for damage by making new connections
between remaining neurons.®

There is some controversy over which pathway triggers
the series of events that lead to neuronal death, and which
factor is the most important in the pathogenesis of AD.
The amyloid cascade hypothesis is one of the leading
theories. Senile plaques were first observed by Alois
Alzheimer in the brain of a 51 year old woman who
had died after progressive dementia. These plaques are
composed of a dense core of Amyloid-beta (AB) protein,
and their frequent appearance in the brains of AD sufferers
led to the conclusion that the insoluble aggregates caused
the disease.’ Another anomaly observed in the AD brain is
the neurofibrillary tangle (NFT) composed of tau protein.
Tau is a microtubule-associated protein which promotes
tubulin polymerisation and stabilises microtubules;
however, when tau is hyperphosphorylated, its tertiary
structure is altered and it no longer binds to microtubules.'
Hyperphosphorylated tau is the major component of the
paired helical filaments which make up NFTs, and these
NFTs result in the impaired functioning of microtubules.
Microtubules provide structural support to a cell, along
with routes for nutrient transport, so it is theorised that the
build up of tau tangles causes neuronal death by stopping
the transmission of signals and the transportation of vital
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molecules." The amyloid cascade hypothesis states that
the accumulation of AR plaques sets in motion a series
of events (such as tau hyperphosphorylation) that lead to
neuronal death. Studies suggest that every five years after
the age 65, the risk of developing AD doubles. '

The need for a cure is apparent, but in the case of AD, the
definition of ‘cure’ is ambiguous. Because Alzheimer’s
often occurs late in life, it may not be necessary to halt
the progression altogether. Delaying the onset by just
five years could reduce the number of people with AD by
50% by 2050." Therefore, in assessing the effectiveness
of a treatment for AD, therapies that slow the course of
the disease must also be considered. Nevertheless, the
definition of ‘cure’ remains as a treatment which stops
the progression of the disease by interfering with its
mechanism and any therapy which fails to do this is only
palliative. The term ‘effectiveness’ can also be used to
distinguish between treatments that only give symptomatic
relief, and those that have the potential to stop or reverse
AD:; for example, can the treatment delay the onset of AD
by more than five years? Can the treatment normalise A3
and phosphorylated tau levels? And can it stop neuronal
death, or even replenish lost nerve cells? Questions of
this sort will be consulted when trying to ascertain the
effectiveness of a drug or therapy.

Current Treatments
One of the first breakthroughs in AD treatment came
in the 1970s when David Bowen discovered that the

Table 1: Current treatment of AD

Treatment How it works

Acetylcholinesterase Inhibits the action of the

inhibitor enzyme  which  breaks
down neurotransmitter
Acetylcholine.

NMDA Receptor Protects against neuronal

antagonist excitotoxic death from over-

activation of the NMDA
receptor by glutamate.

y-secretase modulator Reduces the activity of an
enzyme which cleaves APP

to make the toxic AB3 peptide.

Anti-Af} antibody The antibodies attach to Al
in the brain and the immune
system clears it, breaking

down senile plaques.

Insulin  blocks the toxic
binding of ADDLs,
decreases the intraneuronal
concentration of
AB, and reduces tau
hyperphosphorylation.

Insulin therapy

activity of acetyltransferase, the enzyme which catalyses
acetylcholine synthesis was reduced in the brains of AD
sufferers. Ten years previously it had been demonstrated
that dopamine deficiency causes Parkinson’s disease,
so it was hypothesised that AD occurs as a result of
low concentrations of acetylcholine and a resulting
dysfunction of cholinergic neurons.” It is now well
established that the cholinergic system has a role in AD:
for instance, it is known that anticholinergic agents cause
attention and memory deficits, and that the cholinergic
system modulates memory and learning. Post-mortem
studies also show that the degree of cognitive impairment
in Alzheimer’s patients correlates well with cholinergic
abnormalities."> These observations led to the development
of the ‘cholinergic enhancement treatment approach’,
and the most commonly used drugs of this family are
acetylcholinesterase inhibitors (AChEIs) (Table 1).
Acetylcholine (ACh) is an ester of choline and acetic acid
with the structural formula CH,COOCH,CH/N*(CH,),
(Figure 1).

It is a neurotransmitter released by cholinergic neurons.
When a nerve signal arrives at the axon of a neuron,
vesicles containing ACh fuse with the plasma membrane,
causing its release into the synaptic cleft, where the
neurotransmitter will bind to post-synaptic receptors
and activate a response.'® When ACh binds, the receptor
channel opens, causing an influx of Na* into the cell and
an efflux of K* ions."”

Pros

Can give some symptomatic
relief.

Can reduce neuronal death.
Cheaper, more efficacious,
and has fewer side effects
than AChEISs.

Reduces concentration of

AB.

Reduces concentration of
AB, clears senile plaques.

Interacts with both AB and
tau.

Can completely reverse
tau  hyperphosphorylation,
sparing microtubules from
dissociation.

Blocks the toxic effects
of ADDLs, potentially
preventing neuronal death.

Cons

Expensive and the benefits
are modest: only effective in
half of treated patients.
Some side effects.

Does not slow disease
progression.

Does not interfere with senile
plaques or neurofibrillary
tangles; more symptomatic
than disease modifying.

Recent trials have shown
such drugs to be ineffective in
halting disease progression.

Recent trials have shown that
this approach may not work.
Dangerous side effects have
been associated with these
drugs.

Increases extracellular
concentration of AB.
As yet untested in

Alzheimer’s, and could
prove as disappointing as the
Al vaccine.
Insulin-sensitizing drugs can
have dangerous side effects.
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Figurel: The mechanism for the hydrolytic deactivation
of acetylcholine.

This activity is terminated when ACh is broken down
into acetic acid and choline by ester hydrolysis'®
via the  Acetylcholinesterase  enzyme (AChE).
Acetylcholinesterase inhibitors inhibit AChE, and work
under the assumption that sparing ACh from hydrolytic
deactivation will increase its concentration in the synapse
and therefore improve cognitive function.

There are currently four AChEIs approved by the
FDA for the treatment of AD, and of these, tacrine
(tetrahydroaminoacridine) was the first, in the early 1990s.
Tacrine is a reversible non-competitive AChEI with a half
life of 2-4 hr (the half life of a drug is the time taken for
the blood concentration of the drug to decrease by half).
However, tacrine is very toxic, and produces serious side
effects including nausea, abdominal distress, tachycardia,
and liver damage', necessitating a search for second
generation AChEIs with fewer side effects and longer
half lives. Aricept (donepezil hydrochloride) and Exelon
(rivastigmine) were discovered in 1997, closely followed
by Reminyl (galantamine) in 2000.

Galantamine is a competitive AChEI with a long half life
of 7 hr and good bioavailability after oral administration.
Trials have shown that treatment with 30-50mg daily for
13 weeks results in significant improvement in cognitive
performance without the liver toxicity associated with
Tacrine.”® Galantamine is an interesting case because it
has a second mode of attack, it also modulates cholinergic
receptors on neurons to increase ACh release®! due to its
allosteric potentiating ligand properties® (essentially it
activates cholinergic receptors by changing their tertiary

structure). Phenserine is another AChEI with a secondary
proposed mechanism of action. In animal models this
compound is reported to inhibit the formation of AB3, and
this anti AB-activity could alter the actual disease course.
Two recent trials show conflicting results: a phase III trial
showed no significant difference between phenserine and
placebo, but in a later phase IIb trial the drug reduced AB
levels in the cerebrospinal fluid as well as the formation
of AB plaques.'?

The use of AChEIs has been controversial because the
‘treatments are expensive and the benefits of these drugs
are moderate at best. They certainly do not represent a
miracle cure’.® The inhibition of AChE does not modify
the progression of AD or prevent neuronal death, and at
best it only treats symptoms. AChEIs are only effective
in 50% of AD patients, and one third of those treated will
experience deterioration over the first six months.?* As
Dr Bernhardt MD, a neurologist from the University of
Maryland says: ‘if you put a patient on [an AChEI] and
took the same patient in a parallel universe without the
drug, you might see a difference, but not much’.> Along
with the side effects that accompany this treatment
(nausea, vomiting, dizziness, diarrhoea, and anorexia),
these factors make AChEIs ineffective for AD, but
other cholinergic enhancement techniques look more
hopeful. More specific approaches, such as targeting
cholinergic receptors directly, may be efficacious. ACh
interacts with both nicotinic and muscarinic receptors,
which require nicotine and muscarine respectively to
be allosterically activated in order to accommodate
Ach.?® Chemicals which can imitate ACh by binding to
nicotinic or muscarinic receptors and evoking a response
(cholinergic agonists) can improve the attention and
cognition of AD patients.?” Nicotine itself has been shown
to have significant effects on the mood of AD patients®
not observed in non-sufferers, but its toxic effects limit
its safety and relevance. However, several muscarinic
agonists (molecules which activate muscarinic receptors)
based on the structure of ACh have been synthesised.
Many are of little therapeutic value because they cause
a wide range of responses (oxotremorine causes tremors
similar to those in Parkinson’s'?, but xanomeline offers
a possibility for the future. It is a selective muscarinic
agonist which is safe, efficacious, and superior to placebo.
Studies have shown that it promotes ‘robust improvement’
in verbal learning and short term memory formation®, but
due to its unfortunate gastrointestinal side effects, there is
a high drop-out rate in clinical trials.”” Whether these drugs
will prove to be more effective than AChEIs remains to be
seen, but the cholinergic route cannot represent a cure for
AD.

The only drug approved for the treatment of moderate
to severe Alzheimer’s is Memantine, which works on
the N-methyl-D-aspartate (NMDA) receptor of the
central nervous system and modulates synaptic plasticity.
Psychologist Donald Hebb first proposed the idea that a
memory is formed when two neurons interact in a way
that strengthens future signalling through the synapse in
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1949.3° The NMDA receptor (a protein complex found in
the plasma membrane of post synaptic neurons) plays a
pivotal role in synaptic plasticity, as it detects when two
neurons fire simultaneously, hence strengthening the
connection between the pair. It has been demonstrated
that mice lacking NMDA receptors in the hippocampus
show memory deficits, but when the production of NMDA
receptors is increased, mice learn faster and preserve
memories for a longer time.** The NMDA receptor is a
voltage and ligand-gated receptor that allows Ca*" and
Na* to flow into a neuron and K* to flow out when open.
Under resting conditions when membrane potential is
approximately -80mV, Mg?* blocks the ion channel
(Figure 2).

Figure 2: The unopened NMDA receptor at -80mV with
Mg?* ion blocking channel.

The receptor requires two molecules of co-agonists
glutamate (an amino acid and the major excitatory
neurotransmitter in the brain)'* and glycine to bind, along
with Mg?" dissociation caused by a wave of membrane
depolarisation, in order to open.’! The influx of Ca?* ions
results in the activation of signalling pathways responsible
for long-term cellular changes (Figure 3).

o
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Figure 3: The opened NMDA receptor after membrane
depolarisation, Mg?** dissociation, and binding of
coagonists glycine and glutamate. Sodium and calcium
ions flow into the cell, potassium flows out.

Glutamergic neurotransmission is an event that occurs
as a result of a pre synaptic release of glutamate into
the synaptic cleft, where it can then binds to the NMDA
receptor and provokes a response. This glutamergic
system has been implicated in memory and learning, but
high levels of glutamate can also be neurotoxic®, and
may be involved in AD pathogenesis via excitotoxicity:
a chronic overstimulation of NMDA receptors which
leads to excessive Ca*" influx and consequential osmotic
disturbances and inappropriate activation of enzymatic
pathways, ultimately resulting in neuronal death.*® This
can result in a chain reaction when dying neurons release
huge quantities of glutamate that stimulate apoptosis in
other cells.® Therefore, antagonising NMDA receptors
offers a legitimate approach for treating AD; however,
because glutamate can both enhance learning and cause
excitotoxicity, any such treatment has to be carefully
balanced. For example, although high affinity NMDA
receptor antagonists powerfully block the ion channel
and give excellent protection from excitotoxic cell death,
they are accompanied by severe side effects such as
memory loss, hallucinations, and ataxia (the gross loss
of muscle coordination).’ These side effects are due to
the high affinity, slow unblocking rate, and insensitivity
to membrane potential changes that characterise these
drugs, which prevent the normal levels of NMDA receptor
activity required for learning and memory formation.*
On the other hand, lower affinity NMDA receptor
antagonists can selectively allow normal receptor function
while inhibiting over activation. Memantine is one such
drug has low to moderate affinity, uncompetitive and
voltage-sensitive binding properties, and a fast unblocking
rate.> The Memantine molecule essentially plays the same
role as Mg?* ions in blocking the ion channel, but binds
with a higher affinity than Mg? (Figure 4).

Figure 4: Memantine acting as a NMDA receptor
antagonist. It blocks the ion channel, stopping the toxic
influx of calcium ions.

It effectively protects against excitotoxic cell death
without the side effects of higher affinity NMDA receptor
antagonists. The efficacy and safety of Memantine have
been demonstrated in several clinical trials. A28 week trial
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in 2003 showed that the side effects caused by Memantine
occurred at similar rates in patients treated with placebo,
and when the trial ended, patients taken off Memantine
treatment showed significant functional and cognitive
decline.* Another 24 week US trial in 2004 compared the
effects of donepezil and Memantine versus Donepezil and
placebo. It was found that the combination of Memantine
and Donepezil was advantageous, and patients given
Memantine showed less functional and global decline
than placebo.>”

Memantine therapy significantly reduces care dependence
in severely demented patients®, and in combination with
AChEIs it slows the rate of decline on key measures of
cognition, global functioning, (a measure of the social,
occupational, and psychological functioning of adults)
and basic activities of daily living, with cumulative effects
over time.* Memantine use also correlates to a reduction
in patient management costs for society and the caregiver*
and it costs on average 20% less than AChEIs.

Despite its efficacy in delaying the onset of AD, Memantine
does not interfere with the build up of A plaques or tau
tangles that appear to drive the disease progression*!, and
so while it plays a more neuroprotective role than AChEIs,
its effects are more symptomatic than disease-modifying.
Altering cholinergic or glutamergic neurotransmission
is not enough to alleviate AD; current treatments do not
offer a cure, and while they are reasonably effective as
palliative solutions, they represent a dead end in research.
Drugs that interact more directly with disease progression
are required in order to combat Alzheimer’s, and there are
many new treatments in the works that aim to do just this.
Drugs under development

The majority of research over the last ten years has
focused primarily on disrupting the aggregation of AB, as
it is believed that this event is central in AD pathogenesis.
Amyloid is the term used to describe an array of fibrillar
aggregates that have a B-pleated-sheet tertiary structure and
share certain characteristics. Amyloid-beta is generated
from the processing of amyloid precursor protein (APP),
a type I transmembrane glycoprotein between 696-770
amino acids long that is naturally produced by many
cells and tissues in the body.* It runs through the plasma
membrane with a long extracellular N-terminal (NH,) and
a shorter cytoplasmic C-terminal (COOH) domain. APP
is processed by three proteases, two of which are putative
enzymes: o- and y-secretase are assumed to exist, and
there is good evidence that they do, but they have yet to be
isolated. There are two main ways in which APP is cut, and
the predominant pathway does not lead to A3 production.
This non-amyloidogenic pathway first involves the action
of a-secretase, which cleaves APP between positions
16-17, leading to the formation of soluble aAPPs and
the harmless C83 fragment (an 83-residue C-terminal
peptide that remains attached to the membrane and is later
degraded by y-secretase)* (Figure 5).

\ o-secretase
\ y-secretase

Figure 5: The non-amyloidogenic cleavage of APP,
resulting in the formation of harmless fragments.

The second (amyloidogenic) pathway is initiated by
(-secretase, a membrane-anchored protease which
cleaves APP to produce soluble BAPPs and a 99-residue
C-terminal fragment that remains membrane-bound and
is known as the C99-BAPP fragment. This product then
becomes the substrate for y-secretase, which generates
two AR peptides — either AB,_,; (40 amino acids long) or
AB, ,, (42 amino acids long) * (Figure 6).

\ B-secretase

\y-secretase

Figure 6: The amyloidogenic cleavage of APP, resulting
in the toxic AB peptide which forms senile plaques.

Ten percent of AR is the 42-residue variety which forms
more rapidly, kills neurons at lower concentrations, and is
one hundred times more toxic than AB, ,.** AB,  disrupts
Ca?" regulation, damages mitochondria leading to ROS
release, and over-activates microglia (the immune cells
of the CNS), causing an inflammatory response*® which
escalates damage and can lead to neuronal death.

There is increasing evidence that soluble, globular
AB complexes (amyloid-derived diffusible ligands or
ADDLs) and not AB plaques are the molecular pathogens
in AD. Clinical studies show a weak correlation between
plaque number and neuron loss*’, whereas soluble Al
levels match more strongly with AD symptoms: seventy
times as many ADDLs are present in the brains of
Alzheimer’s patients than non-sufferers.*® Behavioural
changes occur long before AB plaque appearance, so
it is likely that ADDLs trigger the disease, and plaques
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develop and cause damage later on. Researchers believe
that the overproduction and decreased clearance of AB,
results in oligimerization, a process in which AB links in
globules of 12-24 molecules, forming ADDLs. These
highly toxic ADDLs then bind with high affinity to
neuronal receptors, causing memory impairment, synaptic
loss, and dementia.” Even at highly dilute concentrations,
ADDLs interfere with long-term potentiation®’, a process
essential for learning and memory. Therefore, it may be
more beneficial to direct AB therapy specifically at ADDLs
in the early stages of Alzheimer’s.

Regardless of the key amyloid species involved, the basic
strategies for combating A3 are essentially the same, and
fall into three groups: secretase modulators that inhibit A3
production, immunotherapy which removes A once it has
already been formed, and treatments that aim to nullify the
neurotoxicity of AB. Many pharmaceutical companies are
developing small molecule inhibitors of BB- and y-secretase
that block the ability of these enzymes to cut APP in a way
that releases AB peptides.’' B-secretase is a difficult target
because it has a large active site, necessitating the use of
large molecule inhibitors which are poorly bioavaliable and
cannot cross the blood-brain barrier (BBB).”> However,
y-secretase is a more tenable target. Initially, compounds
such as LY-411-575 seemed promising, but at the dose at
which AB was inhibited, the drug had deleterious effects
on lymphocyte development, with altered B lymphocyte
maturation being observed. In the intestine, LY-411-575
treatment increased goblet cell number and radically
altered tissue structure.® These undesirable effects are
due to the non-APP substrates of y-secretase. Inhibitors
of this enzyme have been shown to block a vital step in
Notch processing (Notch is a receptor protein involved
in cell-fate decisions during development), so targeting
y-secretase for AD treatment may come with the risks of
toxicity caused by reduced Notch signalling.>* However,
it is possible for y-secretase inhibitors to reduce A3 levels
without inducing Notch-mediated toxicity.

For example, a compound known as BMS-299897 has
been demonstrated to be fifteen times more effective at
preventing cleavage of APP than of Notch in vitro, and
in transgenic mice it showed dose dependent reductions
of AB in the brain, cerebrospinal fluid, and plasma.
Unlike other y-secretase inhibitors, BMS-299897 is not
associated with a change in lymphocyte or intestinal goblet
cell maturation®, and it looks to be a good candidate for
clinical trial.

An alternative to secretase inhibition an approach with
limited safety and efficacy is secretase modulation:
changing but not blocking the action of enzymes to produce
areduction in the pathogenic isoform A, , and preferential
formation of lower molecular types of AB.* Current
research is focused on non-steroidal anti inflammatory
drugs, such as Ibuprofen and Curcuminoids®’, which
have been shown to lower A3 levels, possibly by means
of allosteric interaction with y-secretase.”” Unfortunately,
a recent trial of tarenflurbil, a modulator of y-secretase
activity, gave discouraging results. Tarenflurbil prevents

learning and memory deficits, and reduces AB, ,, brain
concentration in mice®®, and an earlier phase II trial of 210
AD patients who were given either 800mg of Tarenflurbil
or placebo showed that those treated with Tarenflurbil had
lower rates of decline in global function.” Despite these
positive results, the phase III randomized, double-blind
and placebo-controlled trial which included 1,684 subjects
with AD showed that Tarenflurbil had no beneficial effect
on primary or secondary outcomes.® It could have been
the case that even 800mg of Tarenflurbil twice daily was
too low a dose, but it is more likely that the reduction of
AB is not enough to prevent neurodegeneration. Perhaps
AB is not the main toxic agent of AD, or perhaps the
cascade of damage becomes independent of amyloid
burden once a chain of events has been set off by AB, _ .%!
Either way, this trial raises doubts about the potential of
secretase modulation as a therapeutic for Alzheimer’s, but
these problems may be overcome once these drugs come
out of their infancy and become more selective in their
inhibition.

A second strategy involves removing the aggregates
of AB by training the immune system to destroy the
misfolded proteins after they appear. Vaccines have been
used to induce the body to produce antibodies that bind
to amyloid and transport it from the brain. It was Dale
Schenk and his colleagues at Elan Pharmaceuticals who
first demonstrated that active immunization exposing
the body to attenuated pathogenic antigens so that it
can generate antibodies to fight a future infection with
a synthetic version of A} prevented the development of
plaques and reduced the extent and development of AD
pathology in APP-transgenic mice.®® This discovery led to
a phase I trial of 80 AD patients who received up to four
injections of the AN-1792 vaccine over a period of twenty
four weeks. Positive antibody response was observed in
almost 60% of treated patients®, and so a phase II trial
was quickly arranged. Unfortunately, the first phase II
trial in 2002% was suddenly terminated because 6% of
the treated sufferers developed meningoencephalitis,
acute inflammation of the brain and the membranes
which envelop the CNS. There is some dispute over the
exact way in which the AN-1792 vaccine worked; at first
it was believed that the antibodies formed crossed the
blood-brain barrier to form a complex with AB, triggering
microglia to destroy senile plaques. This theory seemed
acceptable because the inflammation caused was most
likely a result of T cell and microglial over-activation.
However, antibodies are typically too large to cross the
blood-brain barrier %, with only 0.05% of antibodies in the
blood found in the cerebrospinal fluid too few to activate
microglia. The second theory offered was that the AN-1792
antibodies bound to AB in the blood, causing the blood to
act as a sink for the protein, pulling it from the brain and
shifting the equilibrium in favour of the soluble protein.
Evidence seems to support this idea: after immunization
with AN-1792, mice had one thousand times more A} in
their blood, and antibody-amyloid complexes were found
in their spleens®, indicating that the amyloid was being
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processed by the immune system. After the failed trial,
Elan and Wyeth redesigned the vaccine, and it is currently
being tested in nine phase III trials.

Recent trials have focused on humanized monoclonal
anti-ABantibodiesinstead,aimingtoreduceinflammation
with passive immunization.  Bapineuzumab is a
monoclonal antibody directed against the N-terminus of
AB. In preclinical studies with mice, the antibody bound
to senile plaques, reduced amyloid burden, and reversed
memory deficits.”” However, a recent phase II trial of
Bapineuzumab in which 234 AD patients were randomly
assigned either placebo or Bapineuzumab showed no
significant differences in efficacy, although AB burden
was reduced by Bapineuzumab.®® Because of the varying
doses administered, and the small sample size, the study
was not considered statistically precise enough to support
or condemn the efficacy of Bapineuzumab, so the drug has
been moved into phase III trials. Other groups argue that
the use of antibodies that break up senile plaques could
actually exacerbate the symptoms of AD, because the
resulting release of soluble A3 would inadvertently increase
ADDL levels.® Therefore, more specific ADDL-targeting
antibodies could prove more effective. The monoclonal
antibody NAB61 is capable of causing learning and
memory improvement in mice’”, and it is hypothesised
that such anti-ADDL antibodies bind to neurons and block
the inhibition of long-term potentiation.”! These drugs also
have the potential to reduce tau phosphorylation, showing
great promise as future treatments because of their dual
attack on AD pathology.

Another line of reasoning for therapeutics was first
investigated because of observations that showed a clear
link between Alzheimer’s and Diabetes Mellitus (DM).
Type 2 diabetics have a significantly increased risk of
dementia’™, and The Rotterdam study, a large population
based study in 1996 showed that, 22.3% of dementia
patients have DM”, and AD may be more frequent in
elderly diabetics. A follow up three years later revealed
that having DM can almost double the risk of developing
Alzheimer’s.” Clinical studies have also shown that
AD sufferers have higher fasting plasma concentrations
and lower cerebrospinal fluid concentrations of insulin”™
results that are indicative of insulin resistance. There is
a possible cause-effect link between decreased insulin
plasma concentrations and the decline of cognitive
function, indicating that insulin plays a key role in the
regulation of brain activity, and might have a role in AD.”
Insulin and insulin receptors (IRs) are present throughout
the brain”’, and insulin is actively transported across the
blood-brain barrier. IRs are distributed unevenly, and
are more abundant in specific brain regions that control
high cognition, such as the hippocampus and cortex,
so they have been implicated in learning and memory
formation.” These transmembrane receptors are located at
the synapse where they regulate neurotransmitter release
and play a potential role in synaptic plasticity. Disrupting
IR function by the use of streptozotocin injections causes
cognitive impairment in rats’®, but insulin injection

improves performance®!, further strengthening the link
between insulin and dementia.

There is also evidence that insulin directly affects two of
the pathological hallmarks of AD: AR accumulation, and
tau phosphorylation. AR and insulin share a number of
properties. Both proteins are amyloidogenic, and because
they are both substrates for insulin-degrading enzyme
(IDE), they share a common sequence recognition motif,
or length of amino acids that interacts with receptors.®* %
AB is also capable of binding to IRs, and it is likely that
this binding involves residues 16-25 of AB, which are
identical to residues 21-30 of the B-chain of insulin the
very section involved in insulin binding.®

Insulin can increase extracellular AB accumulation in
two ways: by promoting its secretion through increased
trafficking of AB and APP from the Golgi apparatus to
the plasma membrane, and by inhibiting its degradation
via IDE. IDE is the major protease involved in the
breakdown of AB, but insulin directly competes with
AB, thus hastening its accretion into senile plaques.®
These facts seem contradictory: insulin leads to more
extracellular A but also improves cognitive function.
However, in accelerating AB secretion, insulin reduces
the concentration of intraneuronal AB3, the accumulation
of which is thought to trigger the AD disease process, as
intracellular beta-amyloid precedes both senile plaques
and neurofibrillary tangles.® Therefore, the increased
secretion of this peptide could actually be beneficial for
AD. Insulin and AB are also linked because they compete
for binding to IRs. Both AB,_, and AB, _, reduce insulin
binding to IRs because they are direct and competitive
inhibitors of insulin binding and action; their inhibition
has been shown to be specific too, as the reverse sequence
AR, does not reduce insulin binding.* This inhibition
is relieved by increasing insulin levels by infusion, and
this approach has been shown to improve memory in
AD patients.’” Because insulin is active as a monomer
(although it is stored as a hexamer), it is likely that the
species of AB which bind to IRs are ADDLs, which
have been shown to induce a loss of IRs from neuronal
dendrites.®® ADDL binding to synapses triggers oxidative
stress, loss of synaptic spines, and the loss of receptors
crucial to plasticity and memory, but insulin is able to
block ADDL toxicity by preventing its binding and the
loss of IRs and synapses which it induces.¥

The insulin signalling pathway also has a profound effect
on tau metabolism. The binding of tau to microtubules is
vital for stabilisation, and is regulated through the action of
several proteinkinases which phosphorylate (add phosphate
groups to) tau.”® When tau is hyperphosphorylated, its
affinity for microtubules is reduced, and it becomes the
major component of neurofibrillary tangles (NFTs); it is
believed that this event is critical in the pathogenesis of
AD, as cognitive defects do not usually occur until NFTs
develop®, and the number of NFTs correlates more strongly
with the severity of the disease than senile plaques.”!
Glycogen synthase kinase-38 (or GSK-3B) is one kinase
that phosphorylates tau in vitro. Its activity is down-
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regulated by both insulin and insulin-like growth factor 1
(IGF-1) through the activation of the PI3-kinase pathway.
Over-expression of GSK-38 has been shown to reduce
the binding of tau to microtubules®, but insulin and IGF-
1 inhibit GSK-38, indirectly dephosphorylating tau and
increasing microtubule binding. Another study showed
that inducing insulin deficiency using Streptozotocin a
drug which is used to produce diabetes causes massive
hyperphosphorylation of tau after forty days, but treatment
with insulin completely prevented phosphorylation,
indicating that changes in tau are attributable to decreased
insulin levels in AD patients.”

These effects of insulin make a case for the use of
anti-diabetic drugs for the treatment of Alzheimer’s.
Rosiglitazone, an insulin-sensitizing drug, enhances the
neuroprotective properties of insulin in vitro.® A placebo-
controlled double-blind trial in which thirty patients
were randomly assigned a six month course of either
rosiglitazone or placebo found that patients receiving the
drug had better recall and attention®, so it would be prudent
to test rosiglitazone further in a larger study. However,
rosiglitazone was recently pulled from the UK market
because it is associated with myocardial infarction.*
Another option is troglitazone, an anti-diabetes drug which
doubles up as a PPAR-y receptor agonist. This receptor
is involved in insulin sensitizing and inflammation, and
when activated by troglitazone, it suppresses inflammation
and neurotoxicity caused by A by inhibiting stimulation
of neuronal-death pathways and microglia.”® A recent trial
with troglitazone showed decreased tau phosphorylation
after just twenty four hr, along with modulation of AR
production.”” Clearly, treatment with insulin or anti-DM
drugs in the early stages of Alzheimer’s is a therapeutic
option which should be urgently studied, as such treatment
could prevent the intraneuronal build up of AB which
may trigger the disease, as well as combating the critical
phosphorylation of tau, potentially preventing the disease
altogether.

CONCLUSION

Clearly, current treatments are not effective enough
for sustained treatment of Alzheimer’s disease.
Acetylcholinesterase inhibitors only provide temporary
relief, because they do not completely stop the breakdown
of acetylcholine. Therefore, their symptomatic benefits
only last as long as the neurotransmitter does. NMDA
receptor antagonists may play a more neuroprotective role,
and Memantine has been shown to be far more effective
than AChEIs, but neither of these approved drugs interferes
with amyloid-beta or tau pathology. Although they can
slow disease progression in some cases marginally at best
current treatments cannot stop or reverse it, and drugs that
can do the latter are need for Alzheimer’s: drugs that have
curative potential.

The treatments that are in development seem to be more
efficacious, but actually carry with them some serious side
effects, as well as doubts about whether they will even
work in vivo. Secretase modulators do not seem to be a

viable tool because secretases catalyse a wide range of
reactions therefore, they may not be safe. Recent trials
with y-secretase modulators have given discouraging
results, demonstrating that these drugs are not as
efficacious as hoped. The AB vaccine has also had issues
from the start, with dangerous side effects and limited
success in clinical trials. Passive immunization seems
to be the most elegant approach to AD training the body
to remove AB (as either aggregates or ADDLs) and thus
immunizing the patient for an extended period of time.
However, if AB is not the key pathogenic species, then
neither of these approaches would work. This is where
insulin therapy comes in to play. Insulin regulates both
AB and tau, and has been shown to improve memory in
AD patients, prompting some to dub the disease type 3 or
brain diabetes. However, this route has yet to be tested
rigorously in clinical trials, and it may fall through, as did
the Elan AN-1792 vaccine.

Of the three research options presented here, I believe that
insulin therapy holds the most promise because of its dual
mode of action. Very few treatments work on tau, but
this protein may have to be the next target for treatment
in the light of recent results indicating that efforts to
reduce AR levels are worthless after the peptide sets off
an irreversible cascade of events. There is a great deal
of activity in the AD research community, which makes
the outlook for a cure somewhat more hopeful, but with a
disease as complex as Alzheimer’s it could be a long time
before effective treatment is found. A cure is currently
unlikely because we still do not fully understand which
species triggers the disease, and which causes the most
damage; as Kenneth Kaitin, head of the Tufts Centre for
Study of Drug Development says: ‘companies are shooting
in the dark’.?® Perhaps the best approach for AD will prove
to be a combination therapy similar to that used for AIDS
or leprosy a cocktail of different drugs, each designed
to target a different potential cause. In the meantime
however, Alzheimer’s patients can only be provided with
palliative care, so the importance of further research into a
permanent cure cannot be overemphasised.
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