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Alzheimer’s disease (AD) is a degenerative brain disease and the most common type of dementia. It is characterized by a decline in memory, language, problem-solving and other cognitive skills that affect a person’s ability to perform
everyday activities. This decline occurs because of the loss of neurons (particularly pyramidal cells) in regions of the brain involved in cognitive function. Eventually, the disease affects parts of the brain that enable a person to carry out
basic bodily functions such as walking and swallowing. People in the final stages of the disease are bed-bound and require around-the-clock care.
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On the left is a normal healthy brain and on the right is a brain with advanced Alzheimer's disease
(AD). The AD brain exhibits extreme shrinkage of the neocortex, severely enlarged ventricles and
shrinkage of the hippocampus (a region that plays a critical role in memory). This atrophy reflects
the loss of vulnerable neurons, principally pyramidal, cholinergic, noradrenergic and serotonergic
neurons. Two key hallmarks of AD are the formation of (i) dystrophic neurites around a central core
of amyloid (plaques), and (ii) abnormal filaments (neurofibrillary tangles) made up of a highly
phosphorylated form of the microtubule-associated protein tau in the perikaryia of certain neurons,
accompanied by neuropil threads in axons and nerve terminals.
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Normal Memory Processing

In a normal brain, memory is the process by which
knowledge of the world is encoded, stored, and later
retrieved. It can be divided into short-term and
long-term memory. Short-term (or working memory)
allows recall for a period of several seconds to a
minute without rehearsal, and has a limited capacity.
By contrast, long-term memory can store much larger
quantities of information for a period that can be

as long as a lifetime. Long-term memory can be
subdivided into explicit (conscious) and implicit
(unconscious) memory. Explicit memory can be
subdivided into semantic (facts and general
knowledge) and episodic (personally experienced
events). Implicit memory can be subdivided

into classical conditioning, priming (enhanced
identification of objects or words) and procedural
(cognitive and motor skills) memory. Semantic
memory is mediated by the brain region responsible
for the particular semantic task, e.g. the concept of
tools resides in the motor cortex. Episodic memory is
mediated by the entorhinal cortex and hippocampus.
Both episodic and semantic memory are affected
early in the course of AD. As the disease progresses
these deficits become progressively worse and are
accompanied by impairments in implicit (unconscious)
conceptual memory; implicit perceptual memory
seems to be preserved.
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Abbreviations: AR — amyloid beta; APP — amyloid precursor protein;
Cdkb — cyclin-dependent kinase 5; GSK-3 — glycogen synthase kinase
3B; NFT — neurofibrillary tangles; PP2A — protein phosphatase 2A.

The major goal for AD drug discovery is a compound that slows or
stops the cascade of neurodegenerative change that characterizes
this disease. In addition to the enzyme targets shown on the

a major focus. These efforts are critically dependent on ... S
understanding the pathogenesis of AD. Two major breakthroughs
came with the discoveries that (i) deposits of A, a peptide
sub-fragment of APP, are present in both diffuse and neuritic
plagues, and (ii), mutations in both APP and enzymes involved
in its metabolism cause most cases of familial AD. This led to
the formation of the amyloid hypothesis, which postulates that
deposits of AP peptide, are responsible for the pathophysiological
changes associated with AD. AP peptides are produced through
the sequential action of two cleaving enzymes (f3- and
y-secretase) on APP and can be 38, 40 or 42 amino acids

in length. It is the largest form (AB42) that appears to be
critical, through its accumulation and oligomerization. Tau,

the main component of NFTs, has become an increasingly
popular alternative to AR as a target for AD drug discovery.
Hyperphosphorylated tau interacts with other tau threads

and forms NFTs inside neurons, principally pyramidal cells.
Hyperphosphorylated tau also destabilizes microtubules which
are integral in maintaining the shape and function of neurons.
Drug discovery efforts have focused on inhibitors of tau
phosphorylation and tau aggregation, along with compounds
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Progression of Alzheimer’s Disease

Currently, a definitive diagnosis of AD can
only be made on the basis of a postmortem
examination of the brain. The disease begins
about 15 years before symptoms appear and
starts to emerge in a prodromal form (amnesic
mild cognitive impairment). It then evolves
through six stages based on the presence of
neurofibrillary tangles in distinct brain regions.
The entorhinal cortex is affected first, leading
to impairments in episodic memory. With

the disease spreading to other areas of the
neocortex, additional domains of cognitive
function become impaired and the syndrome
of dementia becomes evident.

The progression of cognitive decline
in Alzheimer’s disease
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Braak and Braak have divided the progression of AD into six stages (I to VI) on the basis

of the pattern and severity of AB deposition (depicted in the brains on the left) and
neurofibrillary changes (depicted in the brains on the right), which are indicated as mild
(stages | to Il), moderate (stages Il to 1V), and severe (stages V to VI). The disease begins in
excitatory amino acid releasing pyramidal neurons in the entorhinal cortex and spreads from
the hippocampus and other limbic structures to affect pyramidal neurons in the neocortex and
ascending cholinergic, noradrenergic, and serotonergic neurons. Degeneration of the pathways
connecting the entorhinal cortex and the hippocampus is an early change in the disease
process. Projections from the nucleus basalis of Meynert, the locus coeruleus, and the raphe
nucleus are lost at the mild/moderate stage. The final stages of the disease are associated
with loss of GABAergic interneurons. The figure below is based on Braak et al. (1998), Palmer
(2002) and Palmer (2011).
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Mild AD

Neuropathology
e Entorhinal cortex

Clinical symptoms

e Impaired episodic memory

e Reduced verbal fluency

e Executive function mildly abnormal

Moderate AD

Neuropathology

e Entorhinal cortex

e Hippocampus

* Neocortex

e Locus coeruleus

e Raphe nucleus

e Nucleus basilis of Meynert

Clinical symptoms

e Impaired episodic memory
e Impaired working memory
e Executive function moderately abnormal

Severe AD

Neuropathology

Same as moderate AD plus:
e Amygdala

e Thalamus

e Neostriatum

Clinical symptoms

Same as moderate AD plus:

e Extensive non-cognitive symptoms
e Executive function severely abnormal

Products available from Tocris

Amyloid B Peptides

Amyloid B-Peptide (1-40) (human),
Amyloid B-Peptide (1-42) (human),
Amyloid B-peptide (1-42) (rat), EGCG,
Ro 90-7501, SEN 1269

y-Secretase

Begacestat, DAPT, L-685,458,
MRK 560, TC-E 5006

Phosphatase

Calyculin A, FK 506, Okadaic acid,
Tautomycetin

Microtubules

Daunorubicin, Doxorubicin, Taxol
Protein O-GIcNAcase

Thiamet G

Histone Deacetylases

Trichostatin A, Tubacin, Valproic acid
Glycogen Synthase Kinase 3

AR-A 014418, BIO, HIR 99021,
SB 216763, SB 415286

Casein Kinase 1
D 4476, (R)-DRF053, PF 670462
Cholinesterases

Cryptotanshinone, Donepezil,
Galanthamine, Physostigmine,
Rivastigmine, Tacrine

Muscarinic M; Receptors
Cevimeline, Xanomeline

NMDA Receptors

D-AP5, Memantine, (+)-MK 801
Nicotinic Receptors

Nicotinic (a4p2) Receptors

A 85380, Desformylflustrabromine,
Dihydro-p-erythroidine, 5-lodo-A-85380,
Varenicline

Nicotinic (a7) Receptors

AR-R 17779, a-Bungarotoxin,
Methyllycaconitine, PHA 543613,
PNU 120596, PNU 282987

5-HT Receptors
5-HT, Receptors
GR 113808, GR 125487
5-HT, Receptors

SB 258585, SB 271046, SB 399885,
ST 1936, WAY 208466

Histamine H; Receptors
BF 2649, JNJ 10181457
Cannabinoid Receptors
CB, Receptors

ACEA, NADA

CB, Receptors

HU 308, JWH 133
Retinoic Acid Receptors
AM 580, BMS 195614
Cyclooxygenase
Celecoxib, NS 398
DYRK

AZ 191, INDY, ProINDY
Antioxidants

Celastrol, Coenzyme Q10, Curcumin,
Idebenone

Fluorescent Probes & Dyes
CRANAD 2, K 114, Methoxy-X04
Nrf2

CDDO Im, NK 252, TAT 14

JNK

CEP 1347

PERK

GSK 2606414
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