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The role of amyloid j in the pathogenesis

of Alzheimer's disease

Barnabas James Gilbert

ABSTRACT

The amyloid-B peptide (AB) is widely considered to be
the major toxic agent in the pathogenesis of Alzheimer’s
disease, a condition which afflicts approximately 36
million people worldwide. Despite a plethora of studies
stretching back over two decades, identifying the toxic
AB species has proved difficult. Debate has centred on
the AB fibril and oligomer. Despite support from
numerous experimental models, important questions
linger regarding the role of the AB oligomer in
particular. It is likely a huge array of oligomers, rather
than a single species, which cause toxicity. Reappraisal
of the role of the AB fibril points towards a dynamic
relationship with the AB oligomer within an integrated
system, as supported by evidence from microglia.
However, some continue to doubt the pathological role
of amyloid B, instead proposing a protective role. If the
field is to progress, all AB oligomers should be
characterised, the nomenclature revised and a consistent
experimental protocol defined. For this to occur,
collaboration will be required between major research
groups and innovative analytical tools developed. Such
action must surely be taken if amyloid-based therapeutic
endeavour is to progress.

INTRODUCTION
Alzheimer’s disease (AD) accounts for up to 70% of
all diagnosed cases of dementia, an age-related
condition which affects approximately 36 million
people worldwide and will cost the UK economy
over £23 billion in 2013.' AD is characterised
by progressive cognitive decline which classically
affects several cognitive domains including memory,
visuospatial skill and executive function.* ° Later
stage disease is associated with complex behavioural
and psychological needs which often require special-
ist care.® There is marked, selective neuronal degen-
eration and synaptic loss, particularly in the
hippocampus, amygdala and temporal neocortex.”
These changes are accompanied by the formation of
extracellular senile plaques and intraneuronal
neurofibrillary tangles which comprise the cytoskel-
etal T protein.®

Among the many factors involved in AD patho-
genesis, the major toxic agent is thought to be the
amyloid-B peptide (AB).” AB exists within a growing
family of amyloid polypeptides which, following
their misfolding, can interact inappropriately with
specific cell types to invoke degenerative disease.'’
This is the case in Huntington’s, Parkinson’s and
Prion diseases.'® In AD, the 4 kDa Ap monomer is
cleaved from the amyloid precursor protein (APP) in
the neuronal membrane by the secretase complex.'!
The monomer transitions from a random coil or
o helix conformation to a B hairpin. This facilitates

a dynamic nucleation-dependent polymerisation
reaction which forms short, soluble, metastable
intermediates called oligomers. These assemble to
form an oligomeric nucleus which can be rapidly
extended by monomer addition to form curvilinear
protofibrils.  Finally, protofibrils are bundled
together to form the large, insoluble, cross B-sheet
fibrils which accumulate in plaques.'*™”

Despite many studies in recent years, identifying a
true toxic AP species has proved contentious.
Debate has centred on the potential toxicities of the
AP fibril and oligomer, raising the inevitable ques-
tion whether a single or multiple species are toxic.
Hardy and Higgins'® put forward the amyloid
cascade hypothesis of AD more than 20 years ago,
positioning the insoluble AB fibril as the primary
toxic species. More recently, widespread support
has been generated for the toxic AP oligomer
hypothesis which proposes that oligomeric inter-
mediates are toxic from an early stage in AD.'” By
monitoring neurotoxicity in terms of both cell death
and synaptic plasticity, a heterogeneous array of
brain-derived and synthetic oligomers have been
identified as neurotoxic:'® compact dimers and
trimers;*° 2! small, globular Ap-derived ligands;>* >
doughnut-like, annular AB oligomers;** and large
amylospheroids,” to name but a few. Despite
support from numerous experimental paradigms,
important questions linger regarding the role of the
AP oligomer. Reappraisal of the role of the A fibril
has shed new light on how fibrillar and oligomeric
species might integrate to induce toxicity. However,
some continue to doubt the pathological role of
amyloid B, instead proposing a protective role. This
review seeks to critique the current status of the
amyloid hypotheses and to make logical suggestions
which may accelerate the quest for a successful
amyloid-based therapy for AD.

EARLY EVIDENCE OF FIBRILLAR TOXICITY
As early as 1959, the long (>200 nm) and narrow
(6-10 nm) structure of the amyloid fibril was
revealed by electron microscopy.”® x-Ray diffrac-
tion studies later showed a highly ordered, cross
B-sheet arrangement which was stabilised by hydro-
gen bonds between polypeptide backbones.>” *®
Fibril-containing plaques were identified by histo-
pathological studies in the affected tissues of
various amyloid diseases, including AD.*’
Following the original formulation of Hardy and
Higgins'® of the amyloid cascade hypothesis in
the early 1990s, a wide body of in vitro evidence
began to suggest that the AB fibril might be toxic.
In a landmark study in 1993, Carl Cotman and col-
leagues found that synthetic Ap preparations which
‘exhibited significant aggregation’ were toxic to rat
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hippocampal neurones in culture.>® This was quantified using a
cell viability assay which monitored the morphological appear-
ance of photographed cells.>® When the aggregation state of Ap
was partially reversed, toxicity fell. These findings were
strengthened by the observations of Bruce Yankner and cowor-
kers*! who noted dystrophic neurite formation occurring prior
to neuronal death when AP was applied to these neurones.
Lorenzo and Yankner’? showed that synthetic AB fibrils were
toxic to hippocampal neurones, while amorphous, non-
amyloidogenic AP aggregates were not. Moreover, toxicity
could be attenuated by Congo red, a dye known to inhibit fibril
formation.>? Markedly, this was the first study to overtly state
that these effects were mediated by the AB fibril.

Crucially, much of this early in vitro evidence failed to
exclude the possibility of oligomeric toxicity. Lorenzo and
Yankner®?> had noted that solutions containing only the AB
monomer were innocuous, but always considered the aggrega-
tion process in terms of its end product, the A fibril, without
considering that an intermediate species might be toxic. These
early investigators failed to account for the artificial air—water
interface present in vitro, which is now known to induce con-
formational changes in Ap which promote fibrillogenesis.>* Cell
culture experiments also lack the macromolecular crowding
present in vivo and poorly replicate the cell-cell and synaptic
interactions present in the AD brain.” 3*

For those who maintained that the culprit of AD toxicity had
been found, there remained several unavoidable conundrums.
First, plaque load and distribution correlated poorly with
symptom severity in the AD patient.>* Second, in various APP
transgenic mouse models, neuronal loss and associated behav-
ioural abnormalities were shown to occur prior to plaque for-
mation.>¢3° Third, A fibrils derived from the AD brain lacked
consistent toxic effects in rat and human neurones in vitro.*® As
pressure continued to mount, new evidence of a toxic A oligo-
mer began to emerge.

THE TOXIC OLIGOMER HYPOTHESIS

Interest in the AP oligomer originated from a study conducted
by Dennis Selkoe’s group in 1995.*' Selkoe showed that
Chinese hamster ovary cells expressing a mutant form of the
human APP gene could secrete small AB oligomers in culture.
These were shown by immunoprecipitation assay to weigh 6, 8
and 12 kDa, alongside the established 4 kDa monomer.
Rigorous controls were performed to prove that these cell-
derived AP species had not arisen during immunoprecipitation.
However, the oligomeric bands were detected at lower levels
than the monomer, causing the investigators to use high
APP-expressing cell lines in subsequent experiments.

Researchers soon began to conduct studies in models which
more closely mimicked the environment of the AD brain. One
such model is the human APP (hAPP) transgenic mouse,>®~>°
engineered to overexpress various mutant forms of APP asso-
ciated with familial AD. hAPP mice develop plaques with much
of the associated neuropathology of human AD. Lesné et al*®
found that a dodecameric 56 kDa A species (AB*56) generated
from a Swedish-mutated hAPP could strongly disturb memory
in Tg2576 mice expressing the peptide. This effect was main-
tained when AB*56 was purified from the brains of Tg2576
mice and injected into the brains of young rats. Similar results
have since been attained in the J20 and 3xTg-AD transgenic
mouse models.*? 2

However, the study of Lesné et al*® highlights various issues
facing oligomeric research. Not only is the nomenclature highly
nuanced, often varying according to laboratory preference, but

investigating a single species could prove ineffective if multiple
species are in fact toxic. The hAPP transgenic mouse model is
also limited; foremost, neuronal loss and atrophy tend to be
slight compared with the overwhelming cell loss seen in the AD
brain.** Performance in rodent behavioural tests such as the
Morris water maze can be affected by many factors, including
age, handling and sleep cycle,** any of which could affect the
potential memory or cognitive effects of the AB species under
investigation.

In order to reduce the use of live animals, investigators began
to probe oligomeric toxicity using semi-in vivo organotypic
brain slice cultures.*> These slices are developed from the neo-
natal brain tissue of mice or rats and maintain the anatomical
relations and synaptic qualities of the rodent brain.** The
regionally selective toxicity of AP oligomers in mouse cerebral
slices was found to mirror the degenerative patterns common
in AD.*® Live-dead toxicity assays also revealed marked atrophy
in the entorhinal cortex and hippocampal CA1 region, with
sparing of cerebellar neurones.*®

In order to better understand the memory loss associated
with AD, the Selkoe group used brain slice cultures to monitor
changes in synaptic plasticity.*” By adding AP oligomers
extracted from the cortex of AD patients to rat hippocampal
slices, they showed that the memory-related processes of
long-term potentiation (LTP) and long-term depression can be
attenuated and enhanced, respectively.*” The role of the AP
oligomer in LTP is now known to be intricately related to the
NMDA-type glutamate receptor (NMDA-R). Using an amplicon
vector to knock-down NMDA-Rs in cultured hippocampal neu-
rones, Decker et al*® found that they could avert the oxidative
stress that otherwise arose in the presence of Ap oligomers. This
was likely due to the prevention of upstream changes in calcium
homeostasis.*® Randomised controlled trials have since shown
the NMDA-R antagonist memantine to be reasonably effective
in treating late stage disease.*’ *°

However, even in organotypic slice cultures, individual cells
can be difficult to track, afferent nervous pathways and blood
vessels may be severed, and resistance to ischaemic damage
is low.”" Findings from the postmortem human brain may there-
fore be more reliable and there have been a number of poignant
findings. By using dot blot assays to compare extracts of homo-
genised frontal cortex from five AD patients versus healthy, age-
matched controls, Gong et al°> found that the levels of soluble
APB oligomers could rise as much as 70-fold in the AD brain.
However, postmortem brain tissue is limited in availability and
its extraction and preservation can cause protein degradation.”?

One area of research which continues to strengthen the toxic
oligomer hypothesis and unites many of these experimental para-
digms is the interaction of AP oligomers with the intracellular <
protein. Although t plays a key role in microtubule stabilisation
under physiological conditions,’” the intraneuronal accumulation
of AB oligomers can activate signalling pathways which cause t
hyperphosphorylation and subsequent cytoskeletal changes
resulting in neuronal dysfunction.*? %3¢ Notably, © knockdown
in cultured hippocampal neurones can limit the cytoskeletal
disruption and neuritic dystrophy induced by brain-derived AP
oligomers.>* Further, hippocampal slices from 1 knockout mice
are resistant to the LTP inhibition induced by synthetic AB oligo-
mers,’® although such species are known to correlate poorly with
brain-derived oligomers in toxicity assays.’” Both Ap and t path-
ologies can also be eliminated via intrahippocampal injection of a
specific anti-AB oligomer antibody in 3xTg-AD mice.** It thus
appears that AB oligomers, acting in concert with 1, can increase
the severity of disease.
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REAPPRAISING THE ROLE OF THE AB FIBRIL: AN
INTEGRATIVE MODEL
In light of this assembling evidence for a toxic AP oligomer, the
role of the AB fibril in AD pathogenesis is being reappraised.
Some maintain that the AP fibril is an inert species, representing
only an inactive reservoir of smaller, readily diffusible oligo-
mers; others suggest that the AP fibril, while not inherently
toxic, may induce neurotoxicity indirectly. As the notion of an
amyloid cascade suggests, fibrillogenesis itself may provide a
source of toxic factors, as supported by evidence that fibrillar
growth enhances toxicity.’®

One intriguing line of study in microglia formulates an inte-
grative model in which the A fibril binds to a surface receptor
complex and is endocytosed and targeted to the cell lysosomes,
where it is partially digested by lysosomal enzymes to release
fragmented oligomers.’”** These oligomers act to perturb the
lysosomal membrane and are released into the cytosol where,
among a host of potential interactions, they bind to proteasomes
to cause dysfunction and cell death.®® Sequestered lysosomal
calcium and hydrolase enzymes are released with downstream
apoptotic effects.®* ¢°

These observations are supported by the inflammation
hypothesis of AD which posits active, phagocytic microglia as
the primary cause of toxicity.® This hypothesis proposes that
AP oligomers trigger conversion to a pro-inflammatory pheno-
type in early AD, while AB fibrils induce a later, chronic inflam-
matory state.®® According to this model, AB fibrils invoke a
vicious cycle of cell recruitment and cell death, as dying micro-
glia release many AP species which attack surrounding neurones
and newly recruited inflammatory cells.®®

THE ALTERNATE HYPOTHESIS

Perry and colleagues propose a controversial alternate hypoth-
esis in which AB functions not as an initiator of disease, but
rather as a protective response to neuronal insult.®” According
to this theory, AB attenuates oxidative stress in vivo by acting as
an antioxidant to prevent neuronal apoptosis.®® There is some
supportive evidence: first, the levels of AB and reactive oxygen
species in the AD brain may be negatively correlated;®® second,
AP has been shown to prevent neuronal death following injec-
tion of iron or saline;”® and, third, in the plasma and cerebro-
spinal fluid (CSF), AB has been shown to protect lipoproteins
from oxidation.”" However, the alternate hypothesis remains
controversial. If true, vast swathes of AD research would be dis-
credited and the focus for research should shift to the dominant
upstream processes of oxidative stress and inflammation.

SUGGESTIONS FOR INVESTIGATORS
If the field is to finalise the nature of the toxic species, logical
steps must be taken to ensure that future experiments are con-
ducted in conditions resembling those in vivo. Investigators
should describe the source and aggregation state of all AP
species used and should characterise the AB species present after
each experiment, since metastable oligomers can associate with
other A species to form new structures which alter the toxicity
of an AB solution over time.”> Of the numerous methods pres-
ently used to characterise AB species, only techniques accessible
to all laboratories should be employed. Further, the use of
natural, brain-derived oligomers should be encouraged and syn-
thetic oligomers, which may lack toxicity,>” should be avoided.
Highly prioritised on the research agenda should be the struc-
tural characterisation and longitudinal profiling of all AB oligo-
mers present in the AD brain, as this may ultimately facilitate

presymptomatic diagnosis of AD. Soluble oligomers could be
isolated from the CSF of at-risk patients via lumbar puncture.”?
Specific CSF oligomers could then be quantified using an analyt-
ical tool such as the NanoMonitor assay designed by Sierks
et al.”* This combines the imaging resolution of atomic force
microscopy with highly selective ‘nanobodies’.”* Another
powerful approach would be to develop widespread, cost-
effective biomarkers which could be used to monitor the AB
load in the live AD brain, using techniques such as positron
emission tomography. Pittsburgh Compound-B is an example of
one such biomarker, although its use is currently limited by its
complex synthesis and short half-life.”> 7®

Due to ambiguity in the current nomenclature, a simplified,
structural basis for naming oligomers might accelerate progress.
A new scheme could adapt the model of Kayed et al,”’ classify-
ing AB oligomers as either spherical ‘prefibrillar’ or rod-like
“fibrillar’ structures, as recognised by conformation-dependent
antibodies. If all oligomers were classified according to these cri-
teria, specific on-pathway species could be subclassified accord-
ing to their number of subunits or molecular weight. Although
presently hindered by a lack of structural differences between
species, the development of a wide panel of oligomer-specific
antibodies would aid this classification process.

Finally, while in vivo experiments should be encouraged,
further in vitro studies should seek to remove the air-water
interface as this accelerates fibrillogenesis. Hydrophilic occlusion
plugs are sufficiently hydrophilic to prevent amyloid peptides
transitioning from the monolayer to the multilayer adsorption
state which otherwise favours aggregation.>?

WHY ARE AMYLOID-BASED CLINICAL TRIALS FAILING?
Clinical trials have examined numerous facets of amyloid
biology: production, aggregation and clearance by immunother-
apy. However, high-profile, late-phase clinical trials continue to
fail. After the AN-1792 vaccine was discontinued in 2002 due
to the occurrence of meningoencephalitis in 6% of subjects,”®
the monoclonal antibody bapineuzumab was designed to resem-
ble the antibody stimulated by the vaccine.”® Although bapineu-
zumab held significant therapeutic promise in early-phase trials,
it failed to show cognitive or behavioural benefits in a major
phase III trial in 2012.7° 8% Solanezumab has also failed to slow
memory decline in patients with mild-to-moderate AD.%°

For the field to progress and the pharmaceutical industry to
keep investing in clinical trials, innovative trial designs are
required which gauge therapeutic efficacy quickly and accurately.
Biomarkers should replace traditional measures of cognitive
function. Since plaque development occurs over many years, the
timing of clinical intervention is important. Several preventative
studies are set to begin in 2013 in patients identified at an
increased risk of AD. For example, the Alzheimer’s Prevention
Initiative will evaluate the effects of crenezumab in subjects with
presenilin 1 gene mutations which are known to cause AD in
middle age.?!

CONCLUSIONS

Although toxic roles have been postulated for numerous poly-
peptides in Alzheimer’s pathogenesis, AB appears to be the dom-
inant neurotoxic peptide. A multitude of studies over the past
two decades have affirmed that the neurotoxic effects of the AB
fibril and oligomer are diverse and complex. Some have even
supported an alternate hypothesis in which amyloid species
mediate a protective response. However, the weight of evidence
presently favours the AB oligomer as the more toxic species. Its
toxicity may relate to a greater capacity for diffusion and larger
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collective surface area for interacting with neurones and glial
cells. The role of the A fibril in Alzheimer’s pathogenesis might
best be considered in terms of its dynamic relationship with the
AP oligomer, rather than as an independent entity. This hypoth-
esis is strengthened by evidence of their integrative function in
microglia.

It is likely a huge array of oligomers, an ‘Ap soup’,"® which
causes toxicity, rather than a single species. Further progress
may require revision of the oligomeric nomenclature and clarifi-
cation of a consistent experimental protocol. This could be
achieved through online conferences between the heads of
major research groups, as typified by the Alzforum ‘webinar’
model. Perhaps the most crucial area for further progress should
be the development of accurate and accessible analytical tools to
study and to monitor AP species in the AD brain. Such action
must surely be taken if amyloid-based diagnostic and therapeutic
endeavour is to progress.

Key messages

» The amyloid-B peptide (Ap) is thought to be the principal
pathogenic agent in Alzheimer's disease.

» Evidence supports a toxic role for a wide array of AB
oligomers.

» For the field of amyloid-based therapy to progress, all Ap
oligomers should be characterised, the nomenclature revised
and a consistent experimental protocol defined.

» This will necessitate collaborative research effort and the
development of innovative analytical tools.

Acknowledgements The author thanks Dr Letitia Jean for constructive discussions
during the planning stage.

Contributors The author was responsible for the planning, conduct and reporting
of the work described in the article. The author is responsible for the overall content
as the guarantor.

Competing interests None.

Provenance and peer review Not commissioned; internally peer reviewed.

REFERENCES

1 Cacabelos R. Pharmacogenomics and therapeutic prospects in dementia. Eur Arch
Psychiatry Clin Neurosci 2008;258:28-47.

2 Prince M, Bryce R, Ferri CP. World Alzheimer report 2011: the benefits of early
diagnosis and intervention. Alzheimer's Disease International, 2011. http:/www.alz.
co.uk/research/WorldAlzheimerReport2011.pdf (accessed Feb 2013).

3 Dementia 2012: A National Challenge. Alzheimer's Society 2012. http:/www.
alzheimers.org.uk/dementia2012 (accessed Feb 2013).

4 Boeve BF. Mild cognitive impairment associated with underlying Alzheimer's disease
versus Lewy body disease. Parkinsonism Relat Disord 2012;18:541-4.

5 SaF, Pinto P, Cunha C, et al. Differences between early and late-onset Alzheimer's
disease in neuropsychological tests. Front Neuro/ 2012;3:81.

6 Hort J, O'Brien JT, Gainotti G, et al. EFNS guidelines for the diagnosis and
management of Alzheimer’s disease. Eur J Neurol 2010;17:1236-48.

7 Serrano-Pozo A, Frosch MP, Masliah E, et al. Neuropathological alterations in
Alzheimer disease. Cold Spring Harb Perspect Med 2011;1:a006189.

8  Jellinger KA, Bancher C. Neuropathology of Alzheimer's disease: a critical update.
J Neural Transm Suppl 1998;54:77-95.

9 Mohamed A, Cortez L, de Chaves EP. Aggregation state and neurotoxic properties
of Alzheimer beta-amyloid peptide. Curr Protein Pept Sci 2011;12:235-57.

10 Haass C, Selkoe DJ. Soluble protein oligomers in neurodegeneration: lessons from
the Alzheimer's amyloid beta-peptide. Nat Rev Mol Cell Biol 2007;8:101-12.

11 Evin G, Weidemann A. Biogenesis and metabolism of Alzheimer's disease Abeta
amyloid peptides. Peptides 2002;23:1285-97.

12 Cappai R, White AR. Amyloid beta. Int J Biochem Cell Biol 1999;31:885-9.

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Sandberg A, Luheshi LM, Sollvander S, et al. Stabilization of neurotoxic Alzheimer
amyloid-beta oligomers by protein engineering. Proc Natl Acad Sci U S A
2010;107:15595-600.

Hatters DM, Griffin MD. Diagnostics for amyloid fibril formation: where to begin?
Methods Mol Biol 2011;752:121-36.

Lomakin A, Chung DS, Benedek GB, et al. On the nucleation and growth of
amyloid beta-protein fibrils: detection of nuclei and quantitation of rate constants.
Proc Nat/ Acad Sci U S A 1996;93:1125-9.

McLaurin J, Yang D, Yip CM, et al. Review: modulating factors in amyloid-beta fibril
formation. J Struct Biol 2000;130:259-70.

Bitan G, Lomakin A, Teplow DB. Amyloid beta-protein oligomerization:
prenucleation interactions revealed by photo-induced cross-linking of unmodified
proteins. J Biol Chem 2001;276:35176-84.

Hardy JA, Higgins GA. Alzheimer's disease: the amyloid cascade hypothesis. Science
1992;256:184-5.

Benilova I, Karran E, De Strooper B. The toxic AB oligomer and Alzheimer's disease:
an emperor in need of clothes. Nat Neurosci 2012;15:349-57.

Bitan G, Vollers SS, Teplow DB. Elucidation of primary structure elements controlling
early amyloid beta-protein oligomerization. J Biol Chem 2003;278:34882-9.
Cleary JP. Natural oligomers of the amyloid-beta protein specifically disrupt
cognitive function. Nat Neurosci 2005;8:79-84.

Lambert MP, Barlow AK, Chromy BA, et al. Diffusible, nonfibrillar ligands derived
from Abeta1-42 are potent central nervous system neurotoxins. Proc Nat/ Acad Sci
U S A 1998;95:6448-53.

Wang Z, Chang L, Klein WL, et al. Per-6-substituted-per-6-deoxy beta-cyclodextrins
inhibit the formation of beta-amyloid peptide derived soluble oligomers. J Med
Chem 2004;47:3329-33.

Lashuel HA, Lansbury PT Jr. Are amyloid diseases caused by protein aggregates that
mimic bacterial pore-forming toxins? Q Rev Biophys 2006;39:167-201.

Hoshi M, Sato M, Matsumoto S, et al. Spherical aggregates of beta-amyloid
(amylospheroid) show high neurotoxicity and activate tau protein kinase l/glycogen
synthase kinase-3beta. Proc Natl Acad Sci USA 2003;100:6370-5.

Cohen AS, Calkins E. Electron microscopic observation on a fibrous component in
amyloid of diverse origins. Nature 1959;183:1202-3.

Bonar L, Cohen AS, Skinner MM. Characterization of the amyloid fibril as a
cross-beta protein. Proc Soc Exp Biol Med 1969;131:1373-5.

Gordon DJ, Meredith SC. Probing the role of backbone hydrogen bonding in
beta-amyloid fibrils with inhibitor peptides containing ester bonds at alternate
positions. Biochemistry 2003;42:475-85.

Terry RD, Gonatas NK, Weiss M. Ultrastructural studies in Alzheimer's presenile
dementia. Am J Pathol 1964;44:269-97.

Pike CJ, Burdick D, Walencewicz AJ, et al. Neurodegeneration induced by
beta-amyloid peptides in vitro: the role of peptide assembly state. J Neurosci
1993;13:1676-87.

Yankner BA, Duffy LK, Kirschner DA. Neurotrophic and neurotoxic effects of amyloid
beta protein: reversal by tachykinin neuropeptides. Science 1990;250:279-82.
Lorenzo A, Yankner BA. Beta-amyloid neurotoxicity requires fibril formation and is
inhibited by congo red. Proc Natl Acad Sci U S A 1994;91:12243-7.

Jean L, Lee CF, Lee C, et al. Competing discrete interfacial effects are critical for
amyloidogenesis. FASEB J 2010;24:309-17.

Zhou Z, Fan JB, Zhu HL, et al. Crowded cell-like environment accelerates the
nucleation step of amyloidogenic protein misfolding. J Biol Chem
2009;284:30148-58.

Terry RD, Masliah E, Hansen LA. The neuropathology of Alzheimer disease and the
structural basis of its cognitive alterations. In: Terry RD, Katzman R, Bick KL
Alzheimer disease. 2nd edn. Philadelphia: Lippincott Williams & Wilkins,
1999:187-206.

Mucke L, Masliah E, Yu GQ, et al. High-level neuronal expression of abeta 1-42 in
wild-type human amyloid protein precursor transgenic mice: synaptotoxicity without
plaque formation. J Neurosci 2000;20:4050-8.

Kawarabayashi T, Younkin LH, Saido TC, et al. Age-dependent changes in brain,
CSF, and plasma amyloid (beta) protein in the Tg2576 transgenic mouse model of
Alzheimer's disease. J Neurosci 2001;21:372-81.

Lesné S, Koh MT, Kotilinek L, et al. A specific amyloid-beta protein assembly in the
brain impairs memory. Nature 2006;440:352—7.

Cheng IH, Scearce-Levie K, Legleiter J, et al. Accelerating amyloid-beta fibrillization
reduces oligomer levels and functional deficits in Alzheimer disease mouse models.
J Biol Chem 2007;282:23818-28.

Gschwind M, Huber G. Apoptotic cell death induced by beta-amyloid 1-42 is cell
type dependent. J Neurochem 1995;65:292-300.

Podlisny MB, Ostaszewski BL, Squazzo SL, et al. Aggregation of secreted amyloid
beta-protein into sodium dodecyl sulfate-stable oligomers in cell culture. J Bio/
Chem 1995;270:9564-70.

Oddo S, Caccamo A, Tran L, et al. Temporal profile of amyloid-beta (Abeta)
oligomerization in an in vivo model of Alzheimer disease. A link between Abeta
and tau pathology. J Biol Chem 2006;281:1599-604.

Hardy J. The amyloid hypothesis for Alzheimer's disease: a critical reappraisal.

J Neurochem 2009;110:1129-34.

Gilbert BJ. J Clin Pathol 2013;66:362-366. doi:10.1136/jclinpath-2013-201515

365


http://www.alz.co.uk/research/WorldAlzheimerReport2011.pdf
http://www.alz.co.uk/research/WorldAlzheimerReport2011.pdf
http://www.alz.co.uk/research/WorldAlzheimerReport2011.pdf
http://www.alzheimers.org.uk/dementia2012
http://www.alzheimers.org.uk/dementia2012
http://www.alzheimers.org.uk/dementia2012
http://jcp.bmj.com/
http://group.bmj.com/

Downloaded from jcp.bmj.com on September 5, 2013 - Published by group.bmj.com

44 Buccafusco JJ. Methods of behavior analysis in neuroscience. 2nd edn. (Frontiers in 62 Majumdar A, Capetillo-Zarate E, Cruz D, et al. Degradation of Alzheimer's amyloid
Neuroscience). Boca Raton, FL: CRC Press, 2009. fibrils by microglia requires delivery of CIC-7 to lysosomes. Mol Biol Cell

45 Noraberg J. Organotypic brain slice cultures: an efficient and reliable method for 2011;22:1664-76.
neurotoxicological screening and mechanistic studies. Altern Lab Anim 63  Sakono M, Zako T, Ueda H, et al. Formation of highly toxic soluble amyloid beta
2004;32:329-37. oligomers by the molecular chaperone prefoldin. FEBS J 2003;275:5982-93.

46 Kim HJ, Chae SC, Lee DK, et al. Selective neuronal degeneration induced by soluble 64  Chinopoulos C, Adam-Vizi V. Calcium, mitochondria and oxidative stress in
oligomeric amyloid beta protein. FASEB J 2003;17:118-20. neuronal pathology. Novel aspects of an enduring theme. FEBS J

47  Shankar GM, Li S, Mehta TH, et al. Amyloid-beta protein dimers isolated directly 2006;273:433-50.
from Alzheimer's brains impair synaptic plasticity and memory. Nat Med 65 Ditaranto K, Tekirian TL, Yang AJ. Lysosomal membrane damage in soluble
2008;14:837-42. Abeta-mediated cell death in Alzheimer's disease. Neurobiol Dis 2001;8:19-31.

48  Decker H, Jiirgensen S, Adrover MF, et al. N-methyl-D-aspartate receptors are 66  Pan XD, Zhu YG, Lin N, et al. Microglial phagocytosis induced by fibrillar B-amyloid
required for synaptic targeting of Alzheimer's toxic amyloid-B peptide oligomers. is attenuated by oligomeric B-amyloid: implications for Alzheimer's disease. Mol
J Neurochem 2010;115:1520-9. Neurodegener 2011;6:45.

49 Hellweg R, Wirth Y, Janetzky W, et al. Efficacy of memantine in delaying clinical 67 Lee HG, Zhu X, Castellani RJ, et al. Amyloid-beta in Alzheimer disease: the null
worsening in Alzheimer's disease (AD): responder analyses of nine clinical trials with versus the alternate hypotheses. J Pharmacol Exp Ther 2007;321:823-9.
patients with moderate to severe AD. Int J Geriatr Psychiatry 2012;27.651-6. 68  Smith MA, Casadesus G, Joseph JA, et al. Amyloid-beta and tau serve

50 Fox C, Crugel M, Maidment |, et al. Efficacy of memantine for agitation in antioxidant functions in the aging and Alzheimer brain. Free Radic Biol Med
Alzheimer's dementia: a randomised double-blind placebo controlled trial. PLoS 2002:33:1194-9.

ONE 2012;7:e35185. 69  Cuajungco MP, Goldstein LE, Nunomura A, et al. Evidence that the beta-amyloid

51  Lossi L, Alasia S, Salio C, et al. Cell death and proliferation in acute slices and plaques of Alzheimer's disease represent the redox-silencing and entombment of
organotypic cultures of mammalian CNS. Prog Neurobiol 2009;88:221-45. abeta by zinc. J Biol Chem 2000;275:19439-42.

52 Gong Y, Chang L, Viola KL, et al. Alzheimer's disease-affected brain: presence of 70  Bishop GM, Robinson SR. Human Abeta1-42 reduces iron-induced toxicity in rat
oligomeric A beta ligands (ADDLs) suggests a molecular basis for reversible memory cerebral cortex. J Neurosci Res 2003;73:316-23.
loss. Proc Natl Acad Sci U S A 2003;100:10417-22. 71 Kontush A. Alzheimer's amyloid-beta as a preventive antioxidant for brain

53  Asaithambi A, Mukherjee S, Thakur MK. Age-dependent degradation of amyloid lipoproteins. Cell Mol Neurobiol 2001;21:299-315.
precursor protein in the post-mortem mouse brain cortex. Mo/ Biol Rep 72 Kuperstein I, Broerson K, Benilova |, et al. Neurotoxicity of Alzheimer's disease AB
1999;26:179-84. peptides is induced by small changes in the AB42 to AB4O0 ratio. EMBO J

54  Panda D, Goode BL, Feinstein SS, et al. Kinetic stabilization of microtubule 2010;29:3408-20.
dynamics at steady state by tau and microtubule-binding domains of tau. 73 Peskind ER, Riekse R, Quinn JF, et al. Safety and acceptability of the research
Biochemistry 1995;34:11117-27. lumbar puncture. Alzheimer Dis Assoc Disord 2005;19:220-5.

55 lin M, Shepardson N, Yang T, et al. Soluble amyloid beta-protein dimers isolated 74 Sierks MR, Chatterjee G, McGraw C, et al. CSF levels of oligomeric alpha-synuclein
from Alzheimer cortex directly induce tau hyperphosphorylation and neuritic and beta-amyloid as biomarkers for neurodegenerative disease. Integr Biol (Camb)
degeneration. Proc Nat/ Acad Sci U S A 2011;108:5819-24. 2011;3:1188-96.

56  Shipton OA, Leitz JR, Dworzak J, et al. Tau protein is required for amyloid 75  Ferreira LK, Busatto GF. Neuroimaging in Alzheimer’s disease: current role in clinical
{beta}-induced impairment of hippocampal long-term potentiation. J Neurosci practice and potential future applications. Clinics (Sao Paulo) 2011;66:19-24.
2011;31:1688-92. 76  Verdurand M, Bort G, Tadino V, et al. Automated radiosynthesis of the Pittsburg

57  Reed MN, Hofmeister JJ, Jungbauer L, et al. Cognitive effects of cell-derived and compound-B using a commercial synthesizer. Nucl Med Commun 2008;29:920-6.
synthetically derived AB oligomers. Neurobiol Aging 2011;32:1784-94. 77  Kayed R, Head E, Sarsoza F, et al. Fibril specific, conformation dependent

58 Jan A, Adolfsson O, Allaman |, et al. Abetad2 neurotoxicity is mediated by ongoing antibodies recognize a generic epitope common to amyloid fibrils and fibrillar
nucleated polymerization process rather than by discrete Abeta42 species. J Biol oligomers that is absent in prefibrillar oligomers. Mo/ Neurodegener 2007;2:18.
Chem 2011;286:8585-96. 78  Gilman S, Koller M, Black RS, et al. Clinical effects of Abeta immunization

59  Chung H, Brazil M, Soe TT, et al. Uptake, degradation, and release of fibrillar and (AN1792) in patients with AD in an interrupted trial. Neurology 2005;64:1553-62.
soluble forms of Alzheimer's amyloid beta-peptide by microglial cells. J Biol Chem 79  Castellani RJ, Perry G. Pathogenesis and disease-modifying therapy in Alzheimer's
1999;274:32301-8. disease: the flat line of progress. Arch Med Res 2012;43:694-8.

60 Bamberger ME, Harris ME, McDonald DR, et al. A cell surface receptor complex for 80 Grundman M, Dibernardo A, Raghavan N, et a/. 2012: a watershed year for
fibrillar beta-amyloid mediates microglial activation. J Neurosci 2003;23:2665—74. Alzheimer’s disease research. J Nutr Health Aging 2013;17:51-3.

61 Majumdar A, Cruz D, Asamoah N, et al. Activation of microglia acidifies lysosomes 81  Reiman EM, Langbaum JB, Fleisher AS, et al. Alzheimer’s prevention initiative: a
and leads to degradation of Alzheimer amyloid fibrils. Mol Biol Cell plan to accelerate the evaluation of presymptomatic treatments. J Alzheimers Dis
2007;18:1490-6. 2011;3:321-9.

366 Gilbert BJ. J Clin Pathol 2013;66:362—366. doi:10.1136/jclinpath-2013-201515


http://jcp.bmj.com/
http://group.bmj.com/

Downloaded from jcp.bmj.com on September 5, 2013 - Published by group.bmj.com

CP The role of amyloid B in the pathogenesis of
J Alzheimer's disease

Barnabas James Gilbert

J Clin Pathol 2013 66: 362-366 originally published online March 23,
2013

doi: 10.1136/jclinpath-2013-201515

Updated information and services can be found at:
http://jicp.bmj.com/content/66/5/362.full.html

These include:

References This article cites 77 articles, 30 of which can be accessed free at:
http://jicp.bmj.com/content/66/5/362.full.ntml#ref-list-1

Email alerting Receive free email alerts when new articles cite this article. Sign up in
service the box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://jcp.bmj.com/content/66/5/362.full.html
http://jcp.bmj.com/content/66/5/362.full.html#ref-list-1
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://jcp.bmj.com/
http://group.bmj.com/

