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Val lowe, MD

beta-amyloid in  
alzheimer’s Disease
Current and Emerging Implications 
for Diagnosis and Treatment

Global EpidEmioloGy
Alzheimer’s disease (AD) is globally recognized as the 

most common form of dementia.1,2 Several studies have 
projected that by 2050 approximately 105 million patients 
will be diagnosed with AD worldwide. In the United States, 
the current AD population is approaching 5.4 million with 
three times that number, or over 15 million, serving as 
unpaid caregivers.2 The American Alzheimer’s Association 
has suggested that as the US population ages, the annual 
national incidence of AD will triple to 16 million by 2050.2

CurrEnt impaCt in thE unitEd StatES
The burden of care for this patient population is sub-

stantial and will continue to grow. At present, estimated 
annual treatment costs impose a $200 billion drain on the 
national economy.2 Less well characterized are the signifi-
cant secondary costs, ranging from financial burdens relat-
ed to accidents caused by AD patients to the expense of 
secondary psychiatric care for traumatized caregivers. This 
picture is complicated because many early signs of AD, 
including various well-understood risk factors, frequently 
go unrecognized, unreported, or misinterpreted. As 
recently as 2011, Schafer and coworkers noted that about 
50% of AD patients remain undiagnosed and untreated.3,4  
Further, current therapeutic interventions primarily  
treat the symptomatology, rather than the progressive  

neuropathology of AD, and have only modest, transient 
effects on disease progression.5 Finally, few diagnosed 
patients receive appropriate long-term care.2 Clearly, the 
current landscape underscores a need for improved diag-
nostic and treatment modalities.

a pErSiStEnt and proGrESSivE 
nEurodEGEnErativE diSordEr
Clinical Presentation of Alzheimer’s Disease

A National Institute on Aging/Alzheimer’s Association 
(NIA/AA) workgroup has recently published consensus 
reports on improved diagnostic strategies and full-spec-
trum disease characterization.6 In the latter, the gradual 
deterioration of patient function in AD is shown to occur 
in three contiguous phases: preclinical AD (AD-P), mild 
cognitive impairment (MCI), and clinical dementia.7,8 A 
critical aim in establishing these three phases and their 
associated treatment guidelines is to improve physician 
familiarity with novel diagnostic options, a move which 
will enable earliest possible treatment.

AD-P, the first phase of AD, is commonly asymptomatic. 
Distinguishing the condition from the estimated 43% of all 
cognitively normal elderly has been an enduring diagnostic 
challenge. Even when AD-P is suspected because of genetic 
history, the paucity of objective criteria has made the diag-
nosis difficult.9 While the recently developed guidelines by 
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the NIA/AA workgroup identify AD-P as a distinct stage 
of AD, they stop short of establishing diagnostic criteria of 
immediate clinical utility.10 Instead, they highlight devel-
opmental work with biomarkers that can help track the 
onset and progression of AD.11

AD-P is marked by abnormally increased deposition of 
beta-amyloid (Aβ) on cortical neurons.  Aβ elevation directly 
contributes to the appearance of plaques and neurofibril-
lary tangles (NFTs) in several regions throughout the brain.12 

Diagnostic tools currently in development for AD-P rely on 
subtle but measureable signs that reflect Aβ distribution, 
deposition, and synthesis.8,13 Among the most prominent and 
potentially useful biomarkers are changes in cerebrospinal 
fluid (CSF) levels of a 42-amino-acid form of beta-amyloid 
(Aβ42), total tau protein, and phosphorylated tau at residue 
181 (p-tau181). Assessment of these biomarkers has suggested 
that a decline in CSF Aβ42 levels can occur at least 20 years 
prior to clinical dementia.14 Other earlier-stage biomarker 
techniques, such as relative density RNA immunoreactivity 
measurements, have shown an abnormal increase in neuronal 
RNA oxidation in the hippocampus and temporal neocortex, 
which may predict the onset of cognitive impairment.15

As shown in Figure 1, changes associated with early-
stage AD shape the classification schema, ranging from 

cognitively normal patients at-risk for progression to AD, 
per biomarker evidence, to patients presenting with subtle 
cognitive decrements not meeting standardized criteria for 
MCI.10  

MCI, the second phase of AD, affects most AD-P 
patients after a few months or years and is considerably 
easier to identify. Recent efforts by the NIA/AA workgroup 
have focused on enabling clinicians without access to 
sophisticated imaging techniques or CSF analysis to diag-
nose MCI accurately by identifying: 

a. Evidence of a change in cognitive ability, 
b. Impairment in one or more cognitive domains,  

(eg, attention, executive function, memory), 
c. Mild problems performing complex tasks once per-

formed easily, and 
d. No evidence of significant impairment in social or 

occupational functioning.7 
In an independent effort, the International Working 

Group (IWG) for New Research Criteria for the Diagnosis of 
Alzheimer’s Disease has also attempted to reconceptualize 
MCI diagnosis around both a specific pattern of cognitive 
changes and biologic evidence of Alzheimer’s pathology.16 
IWG’s construct—namely, prodromal AD—comprises both 
AD-P and MCI, an approach that underlines the progressive 
nature of the disease.16

Beyond its behavioral signs and manifestations, MCI 
provides a clear diagnostic target because of its distinctive 
signals on magnetic resonance imaging (MRI) scans.17 In 
cases of confirmed MCI, atrophied gray matter is clearly 
discernable in MRI imaging.18 Nuclear medicine imaging 
techniques including use of 18F-fludeoxyglucose posi-
tron emission tomography (18F-FDG PET) show MCI-
associated physiologic changes such as reduced metabo-
lism in the temporoparietal cortex19 and increased Aβ 
deposition in the precuneus/posterior cingulate cortex.20 
Still, the deficits experienced by these patients generally 
do not compromise executive function nor do they, by 
definition, satisfy diagnostic criteria for clinical dementia.7 
Several attempts have been made to better classify MCI. 
For example, the Quality Standards Subcommittee of the 
American Academy of Neurology recommended qualify-
ing MCI with an appropriate modifier such as “amnes-
tic.”21 Conversion rates from amnestic MCI (MCI-A) to 
AD range from 12% to 15% per year,22-24 suggesting that 
MCI-A is frequently a prodrome to AD or, in fact, its first 
manifestation.25 Nevertheless, the clinical construct of  
MCI remains amorphous, presenting distinct diagnostic 
challenges.

Clinical dementia, the final phase of AD, presents a very 
different picture from the two earlier stages. Its behav-
ioral manifestations are not subtle. Declines in memory, 
cognition, and executive function are readily apparent to 
family, friends, caregivers, and healthcare providers. MRI 

Figure 1: Clinical trajectory of AD. AD-P is indicated in red as 

“preclinical”; a stage that includes presymptomatic autosomal 

dominant mutations, asymptomatic patients at risk for MCI, and 

patients showing subtle cognitive decline surpassing normal 

aging, but do not yet meet criteria for MCI. MCI to AD conversion 

risk varies from 12% to 15% per year. 

AD: Alzheimer’s disease; AD-P: preclinical AD; MCI: mild cognitive 

impairment.

Reproduced with permission from Sperling et al.10
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and robust hippocampal volumetric data have shown pro-
nounced atrophy associated with lower executive func-
tion, general cognitive decline, and poor episodic memory 
performance, especially in medial temporal lobe.26 While 
the latter stages of AD are not examined herein, this 
article focuses on issues related to identifying patients 
at risk for conversion from MCI to AD. Thus, a thorough 
understanding of the biochemistry and neurophysiology 
underpinning this evolutionary sequence is essential in 
establishing a rationale for early diagnosis—and for inves-
tigational disease modification therapies targeting distinct 
disease mechanisms.

Natural History of Aβ and Alzheimer’s Disease 
While the role played by Aβ in human physiology is 

only partially understood, it appears to mediate a variety 
of important functions in healthy subjects.27 Among these 
are activation of enzyme kinases,28 protective influences 
on oxidative stress,29 regulation of cholesterol transport,30 
mediation of synaptic plasticity,31 and an antimicrobial 
function likely linked to pro-inflammatory activity.32 In 
addition to its deposition on neural elements of the brain, 
Aβ is thought to maintain the integrity of cerebral vascular 
membranes. Disruptions in this function underlie cerebral 
amyloid angiopathy.33

The Aβ molecule itself is a free peptide comprising 
between 36 and 43 amino acids, with Aβ40 and Aβ42 
particularly tied to Aβ plaque deposition and AD.12 
Proteolytic cleavage of the Aβ precursor glycoprotein 
(AβPP) is catalyzed by a series of secretase enzymes. 
As illustrated in Figure 2, AβPP first undergoes α- or 
β-secretase cleavage. The α-secretase cleaves AβPP within 
an intracellular region that precludes formation and 
deposition of Aβ. The cleavage of the amyloid precursor 
protein (APP) by β-secretase produces, among other spe-
cies, a cell membrane-bound fragment (C99). Subsequent 
cleavage of this fragment within its transmembrane 
domain by γ-secretase releases the intracellular segment 
of AβPP to produce Aβ (Figure 2).12 Intracellular domain 
fragments are also produced and may contribute to an 
autoregulatory gene expression program implicated in AD  
neuropathology.34

The most common isoforms of Aβ synthesized are Aβ40 
and Aβ42. While the Aβ40 isoform is somewhat more  
common in all patients, Aβ42, a product of “the errant 
amyloid cascade,”35 differentially promotes fiber  
formation (Figure 3) and is thus linked directly with AD 
and other neuropathologies. Numerous studies have  
demonstrated that mutations in AβPP related to early-
onset AD increase the relative production of Aβ42 synthe-
sis.36 Clinical research findings in early-onset patients have 
thus underlined a causal, if still incompletely characterized, 
role for Aβ in AD pathogenesis.

In the early stages of AD, one of the first physiologic 
abnormalities is increased Aβ deposition in the neocor-
tex. As AD progresses, plaques comprising extraneuronal 
Aβ deposits accumulate and are distributed as sheet-like 
structures at several neocortical foci such as the prefrontal, 

Figure 2: AβPP malprocessing. The top section shows the APP 

region comprising the transmembrane sequence (underlined, 

bold) and the sequences of D1–V40 and D1–A42 peptides. Below 

these sequences is an illustration of AβPP with the residues  

targeted by secretase cleavage. Panel A shows the non-

amyloidogenic α-secretase pathway. Panel B represents the 

amyloidogenic pathway in which β- and γ-secretase cleavage of 

AβPP is followed by release of the Aβ peptides found in plaque 

deposits. 

Aβ: beta-amyloid; AβPP: amyloid beta precursor glycoprotein; 

APP: amyloid precursor protein; sAβPP: soluble amyloid beta 

precursor protein.

Reproduced with permission from Frisardi et al.12

Figure 3: Three-dimensional structure of Aβ42 synthesized from 

the transmembrane APP.  Transmembrane sequences are shown 

in heavy green. Long-range Nuclear Overhauser Effect (NOE)  

constraints are shown in red in the free peptide image.

Aβ42: beta-amyloid 42; APP: amyloid precursor protein; sAβPP: 

soluble amyloid beta precursor protein.

Reproduced with permission from J. Brender (unpublished). Sigma Aldrich Web 

site. http://ebookbrowse.com/slide-43-ppt-d345709056. Accessed July 7, 2012.
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bilateral superior/medial frontal, and lateral temporal cor-
tex (Figure 4).37 Frequently visualized postmortem along 
with microvascular elements and neuronal structures, 
neurotoxic Aβ plaques are distributed in increasingly 
dense patterns during each of the defined phases of AD. 
Aβ is now known to accumulate during a very long pro-
dromal period; in many cases, deposition begins decades 
before clinical symptoms of neuropathology are evident.38 
Increases in plaque density and distribution are accompa-
nied by atrophic changes, reduced central nervous system 
(CNS) metabolism, neural degeneration, synaptic deficits/
impaired connectivity, and reduced hippocampal-cortical 
volume.39-41

The heterogeneous distribution of pathologic Aβ is a 
consistent finding of AD. Abnormalities in discrete regions 
such as the medial temporal cortex and hippocampus 
appear to be characteristic of AD-P and MCI patients41-43 
and may be linked to ultimate progression to clinical 
dementia.44,45 In the early MCI stage of AD, for instance, 
subtle memory deficits are related to Aβ deposition pri-
marily in the temporal neocortex.46 Likewise, in clinically 
evident MCI, 18F-FDG PET imaging shows reduced glucose 
metabolism in the temporoparietal cortex19 and increased 
Aβ deposition in the precuneus/posterior cingulate cortex,20 

regions associated with processing speed, verbal fluency, 
fluid reasoning, and behavioral coordination.20,47 Finally, 
the density and presence of Aβ aggregates are remarkably 
pronounced in progressive MCI (P-MCI) patients com-
pared with stable MCI (S-MCI) patients who do not prog-
ress to clinical dementia.48-50 

These and related data support a causal role for neuro-
toxic Aβ deposition in the onset and rate of AD progres-
sion.51 Nevertheless, the relationship between regional 
deposition and the appearance of cognitive deficits char-
acteristic of the earliest stages of AD is still incompletely 
understood. Abnormal Aβ deposition has, for example, 
been observed in over 30% of asymptomatic elderly via 
imaging using 11C-Pittsburgh Compound-B (PiB) posi-
tron emission tomography (PET). While not necessarily 
an indication of an incipient pathologic state or AD in 
these individuals, the increases in Aβ density probably 
mirror accelerated regional neural atrophy.46,52 While Aβ 
deposition in the posterior cortex appears to correlate 
well with cognitive deficits,41,53,54 a high Aβ burden in the 
frontal cortex appears not to compromise cortical meta-
bolic activity.55 For studies in which both MRI data and 
11C-PiB-PET scans were collected from several subgroups 
of elderly individuals (cognitively normal elderly patients 
with MCI and overtly normal elderly with high neocorti-
cal Aβ), global Aβ deposition could not be independently 
correlated with episodic memory deficits. Further, memory 
deficits that did correlate with Aβ deposition were inde-
pendent of hippocampal atrophy in all groups studied.52 

Figure 5: Interaction between phosphorylated and non-phos-

phorylated tau and Aβ at neuronal dendrites, axon, and soma in 

the earliest phases of Alzheimer’s disease. Yellow bolts indicate 

areas of neuronal malfunction. 

Aβ: beta-amyloid. 

Reproduced with permission from Ittner and Götz.63

Figure 4: Images of both brain FDG-PET (top row) and brain 

AVID-45 PET (bottom row) scans, with the FDG-PET obtained 

at two distinct points in disease progression (MCI to full clinical 

dementia 4 years later). The AVID-45 scan shows diffuse accu-

mulation of amyloid in the cortical regions (colored arrows) and 

little accumulation in the cerebellum (white arrow). 

AVID-45: 18F-AVID Radiopharmaceuticals 45 Tracer; FDG-PET: 

fludeoxyglucose positron emission tomography; MCI: mild cogni-

tive impairment.

Source: K. Mason, C. Geist, D. Silverman. Neuronuclear Imaging Center at 

the University of California, Los Angeles (unpublished).
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These and related issues remain an active area of research 
and promise to elucidate the role of Aβ across the clinical 
spectrum of AD. 

Genetic Insights Into Disease Onset
Several studies have attempted to better and more pre-

cisely define the genetic pathways directly associated with 
the early evolution of AD. First, triplication of chromo-
some 21 and its resident APP gene, as occurs in Down  
syndrome, results in Aβ accumulation and early-onset 
AD.56 Recent findings from the Dominantly-Inherited 
Alzheimer Network (DIAN) investigations have demon-
strated that in select groups of patients with autosomal 
dominant genetic mutations in three key genes—APP and 
presenilin 1 and 2—measurable changes in brain chemis-
try can occur up to 20 years before the expected onset of 
clinical dementia.57 In this group, progressive decreases in 
CSF Aβ42 and accompanying increases in tau protein may 
predict dementia within 3 to 4 years.58 DIAN also found 
that when increased Aβ42 in blood fractions was accompa-
nied by decreasing Aβ42 in CSF, amyloid deposition in the 
brain and incipient AD were considerably more likely.59

Independent genetic studies have demonstrated a 2- to 
3-fold increased lifetime risk of AD in patients of any age 
who possess one copy of the apolipoprotein-E4 (ApoE4) 
gene. Patients homozygous for the gene may have up to a 
10-fold increased risk.43,60,61 That ApoE4 dose-dependently 
increases the risk of AD is now well established, although 
the precise mechanistic basis for this association remains 
obscure.37 ApoE-mediated cholesterol transport is thought 
to play a role in promoting Aβ accumulation.62

Besides Aβ deposition, NFTs, as noted earlier, contrib-
ute to the fundamental neuropathologic manifestations 
of AD. NFTs are aggregates of hyperphosphorylated tau 
proteins found together with cortical neurons and associ-
ated support cells. There is evidence that Aβ drives—and 
interactively facilitates—the tendency of mutated tau to 
aggregate into NFTs. As suggested by the tau-axis hypoth-
esis recently advanced by Ittner and Götz,63 increasing 
levels of CSF tau may make neurons more vulnerable to 
the toxic effects of Aβ, which progressively accumulates on 
neuronal dendrites. During neural transmission, receptor 
activation initiates voltage-gated cellular mechanisms that 
trigger aberrant phosphorylation and aggregation of tau, 
sensitizing the dendrite to further Aβ toxicity (Figure 5).64 
This reaction sequence leads to a self-amplifying aggrega-
tion of tau and Aβ, the eventual loss of synaptic function, 
and subsequent neuronal death.  

EffECtivE intErvEntion rEquirES Early, 
aCCuratE diaGnoSiS

Although more than 50% of clinically evident dementia 
patients are positive for increased Aβ deposition and tau 

hyperphosphorylation, definitive AD diagnosis still remains 
the province of postmortem histology.53,65 Misdiagnoses 
remain common despite widespread use of the mini-
mental state examination (MMSE), the Alzheimer’s Disease 
Assessment Scale-Cognitive (ADAS-Cog), and enhanced 
physician sensitivity to disturbances in cognition and execu-
tive function. Conversely, in a false AD diagnosis, the physi-
cian may miss cerebrovascular accident, grief, depression, 
hypothyroidism, B12 deficiency, brain tumors, and other 
forms of dementia. When these latter conditions are the 
primary diagnosis, they may mask AD as a comorbidity.65 
Today, only about half of all AD patients are correctly diag-
nosed, and most are already in clinical dementia.4 In many 
cases, this late-phase identification results from a missed or 
unaddressed MCI diagnosis. In a recent internet-based sur-
vey of the American Academy of Neurology members, most 
community neurologists recognized the usefulness of MCI 
as a clinical construct—and the benefits of its psychosocial 
treatment—although a significant minority also reported 
difficulties with establishing an MCI diagnosis and needless 
anxiety it may elicit in patients and their caregivers.66

diaGnoStiC StratEGiES
Ahead of cognitive assessment, biomarker analysis, and 

imaging, multiple AD risk factors may be evaluated.61 As 
noted earlier, among the most prominent familial risk fac-
tors detectable by genetic testing are the variant ApoE4 
allele and autosomal dominant genetic mutations in the 
genes coding for APP and presenilin 1 and 2.57,60,67 In all 
these conditions, abnormally low levels of CSF Aβ42 con-
comitant with increased tau can predict dementia within 
3 to 4 years.58 Family history has predictive value as well: a 
first-degree relative with dementia increases the risk of AD 
by 10% to 30%.68

Absent any obvious risk factors, effective early-stage dif-
ferential diagnosis requires: 

a. Recognition of subtle symptoms, 
b. Exclusion of alternate medical/psychiatric pathology, 

and 
c. Sustained commitment to patient and caregiver  

education. 
Clinicians are now in a position to better identify sus-

pected AD patients. In-office techniques may be extended 
to include pointed queries; in particular, determining 
deficits in complex tasks once performed easily, especially 
in the context of social or occupational functioning.66,69 
Examples of approaches familiar to the community neu-
rologist may include the grandmother who can no longer 
use coupons properly or the retired professor who can 
no longer correctly introduce colleagues at seminars. In 
all cases, best practice parameters should encompass the 
new diagnostic criteria for AD developed by the NIA/AA 
and the IWG. These consensus guidelines for practitioners 
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should be used with staging criteria focused on the clinical 
presentations most commonly seen by community neu-
rologists.7,16 Clinical researchers have systematically char-
acterized the spectrum of cognitive symptoms that satisfy 
newly formulated diagnostic criteria. By statistically  
comparing measurements made in their AD patients 
against previously diagnosed cases in large databases, the 
NIA/AA and IWG criteria have established a spectrum 
of AD symptomatology versus normal across all three 
defined phases.70 While diagnostic processes rely to some 
extent on the subjective reasoning and experience of the 
individual clinician, the criteria and associated symptom-
atology can facilitate ongoing efforts to standardize clinical 
diagnosis and treatment. 

Emerging Noninvasive Assessments  
Using Blood Fraction Biomarkers

Clinicians who wish to extend their diagnostic expertise 
beyond cognitive testing may now look forward to new bio-
marker and imaging technologies that go beyond behavioral 

testing and aim for the detection of early and often asymp-
tomatic AD. In its earliest stages, AD may be detectable in 
the CSF. The relative titers of molecular biomarkers found in 
the CSF, such as Aβ42 and tau, can help trace the early prog-
ress of AD.71 While physicians can obtain CSF samples using 
a lumbar puncture or spinal tap, these procedures can be 
difficult and invasive and, as such, not regularly used in early 
diagnostics in community neurology practice. Recently,  
analysis of routinely obtained blood samples has shown 
promise of providing an excellent platform for early AD 
detection and therapeutic monitoring. AD-linked alterations 
in ceramides and sphingomyelins have been postulated 
to play a role in amyloidogenesis and inflammatory stress-
related neuronal apoptosis. Several clinical studies suggest 
that such biomarkers, obtainable from routine office blood 
draws, may have excellent sensitivity and reproducibility 
in assessing early-stage AD.72-74 In addition, Mandas and 
coworkers75 have identified diagnostically useful changes in 
cholesterol metabolism-related gene expression in mono-
nuclear cells obtained from blood draws in AD patients. As 
shown in Figure 6, blood fractions stained with Oil-red-O 
(ORO), a fat soluble lysochrome dye used to identify neutral 
lipids, may discriminate the blood of patients in various 
stages of AD from healthy elderly.

Figure 7: Color-coded statistically significant group differences 

(AD: Alzheimer’s disease; HC: healthy controls; P-MCI: progressive 

mild cognitive impairment; S-MCI: stable mild cognitive impair-

ment) in cortical thickness measurements.  

Reproduced with permission from Wolz et al.50

Figure 6: Freshly isolated peripheral blood mononuclear cells 

stained with ORO for neutral lipids and hematoxylin for nuclei. 

AD: subjects with late-onset probable Alzheimer’s, aged 70-89 

years; C1: healthy subjects lacking cognitive deficit, aged 81-87 

years; C2: healthy subjects lacking cognitive deficit, aged 25-57 

years; FDR-AD: first degree relatives of subjects aged 40-63 

years—1 and 2 indicate early-stage and later-stage AD, respec-

tively; ORO: Oil-red-O.

Reproduced with permission from Mandas et al.75
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Current and Emerging Imaging Technologies
Gross neurodegeneration is easily imaged via MRI and 

PET. However, in clinical practice, the visual inspection of 
scans may not be sufficiently quantifiable to establish an 
AD diagnosis, and sophisticated analysis methods may be 
needed. Nuclear medicine imaging techniques such as  
18F-FDG PET may be used to pinpoint established hall-
marks of AD (eg, reduced regional metabolism).19,20 
Significantly, these imaging findings have generally 
matched patterns of Aβ deposition. At present, while 
11C-PiB-PET remains the most well-known technology 
specific to imaging Aβ deposition in vivo, its short half-life 
limits its utility for clinicians without access to a cyclotron 
and 11C radiochemical expertise. 

The longer-lived [(18)F] techniques such as florbetapir-
PET imaging, when confirmed by autopsy histology 
(Bonferroni-ρ, 0.78 [95% CI, 0.58-0.89]; P < 0.001) and 
silver stain plaque score (Bonferroni-ρ, 0.71 [95% CI, 
0.47-0.86]; P < 0.001), have shown good agreement with 
distribution and degree of Aβ pathology.76 In 96% of 
patients tested, visual interpretation of florbetapir-PET 
cortical uptake correlated tightly with actual amyloid-
related lesions (Figure 4).76 Another radiotracer, [(18)
F]-florbetaben-PET, has markedly differentiated AD from 
Parkinson’s disease, patients with frontotemporal lobe 
dementia, and healthy elderly.77

Other Aβ imaging technologies are in early developmen-
tal stages and include the (E)-5-styryl-1H-indole and (E)-6-
styrylquinoline derivatives. These techniques have shown 
intense and specific labeling of plaques with low background 
and may have future utility as potential single-photon emis-
sion computed tomography (SPECT) agents.78 Another 
early-stage approach to AD-P detection uses near-infrared 
fluorescence imaging probes (NIRF) such as the intravenous 
agent THK-265 that binds strongly to cortical Aβ.79 Of inter-
est in discriminating plaque deposition in healthy elderly from 
that seen in AD-P or MCI patients, THK-265 showed a signal 
increase closely correlated with plaque deposition and distri-
bution during AD progression. The study analyzed different 
stages of plaque formation and aggregation levels with NIRF 
signals in Aβ protein precursor of transgenic mice in vivo after 
intravenous application of THK-265.79 And finally, as shown in 
Figure 7, use of sequential imaging key to comparative assess-
ments of the atrophic rate of specific regions (eg, temporal 
neocortex and hippocampus) may help discriminate between 
P-MCI and S-MCI, especially when used with large databases 
of previously diagnosed cases.50,80

Because of the particularly extensive prodromal phase of 
AD, advances in imaging modalities promise to facilitate 
early diagnosis. A key benefit of this earliest possible inter-
vention is the impetus for current research efforts focused 
on treatments capable of halting disease progression before 
irreversible neuronal damage occurs. 

CurrEnt and EmErGinG  
trEatmEnt StratEGiES

It is well established that conventional therapies such as 
the cholinesterase inhibitors (ChEIs) do not exert a disease-
modifying effect or alter disease progression. Rather, effects 
are largely limited to transient improvements in cogni-
tion.81 The primary ChEIs used in community neurologic 
practice include donepezil, galantamine, and rivastigmine, 
all of which improve acetylcholine and glutamate neu-
rotransmitter effectiveness and thereby enhance cognitive 
function.12 At present, only the ChEIs and the N-methyl-
D-aspartic acid (NMDA) receptor antagonist memantine 
have received FDA approval for AD therapy. Nevertheless, 
both drug classes have serious limitations. For example, 
memantine interferes with NMDA receptor-mediated 
ion channels and may curtail synaptic potentiation, a 
process crucial to learning and memory.82 In sum, ChEIs 
only enhance the effectiveness of viable neurotransmitter 
systems, an action of progressively less therapeutic benefit 
as key neuronal circuitries degenerate over the course of 
disease.

Novel approaches to effective treatment require 
improved insights into AD neuroanatomy, physiology, and 
genetics. Investigational treatment approaches discussed 
below all aim to interfere with the errant amyloid cascade. 
Therapies targeting tau are in various stages of clinical 
development as well.83 As shown in the Table, several 
amyloid-based therapies are in late-stage clinical develop-
ment, each designed to fundamentally modify disease 
progression.12,84 Such approaches, in contrast to currently 
approved drugs, may not lead to immediately discern-
ible improvements, but may instead prevent or otherwise 
blunt the progressive deterioration of cognitive function 
that characterizes the disease.84 

Secretase-Targeted Treatments 
The goal of secretase-targeted therapies is to funda-

mentally slow or arrest the enzyme-catalyzed steps that 
drive the formation of pathogenic Aβ species.12,84,85 Several 
novel approaches have been developed to interfere with 
the proteolytic synthesis of Aβ from APP. One promising 
approach involves boosting α-secretase processing of APP. 
This strategy is predicated on the finding that statins in 
some patients may enhance α-secretase activity either by 
altering the biophysical properties of plasma membranes 
or by modulating the function of as yet unidentified pro-
tein kinases.86,87 Interestingly, the α-secretase cleavage  
generates a soluble extracellular N-terminal fragment 
and a C-terminal transmembrane fragment (C83), both 
of which possess potent neuroprotective and memory-
enhancing effects.88

The γ-secretase components, presenilin 1 and 2, assume 
an important role in amyloid pathophysiology because, as 
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Table: TreaTmenTs in clinical developmenT12

Classes of  
Drugs

Compound  
(company/institution)

Mechanisms of Action Side Effects Status 

Passive  
immunotherapy 

Bapineuzumab (Elan/
Wyeth) 

Prevents Aβ deposition and promotes 
Aβ clearance based primarily on eliciting 
a humoral response. Several mecha-
nisms, not mutually exclusive, involved 

Vasogenic edema, particu-
larly in carriers of the ApoE4 
allele

Phase II and III

α-Secretase  
activators 

Bryostatin 1 
(Blanchette Rockefeller 
Neurosciences Institute) 

Increases brain sAαPP concentrations 
and decreases brain Aβ40 levels 

Myalgia, fatigue, nausea, 
headache, vomiting, anorex-
ia, anemia, and lymphope-
nia were most commonly 
reported 

Phase II 

EHT-0202 
(ExonHit) 

Regulates GABA-A receptors, inducing 
amyloid precursor protein production 
and reducing Aβ plaque formation 

Well tolerated Phase II 

β-Secretase  
inhibitors 

CTS-21166 (ASP-1702) 
(CoMentis/Astellas) 

Reduces Aβ concentrations No severe side effects 
reported 

Phase I and II 

γ-Secretase  
inhibitors 

LY450139 Semagacestat 
(Eli Lilly) 

Reduces Aβ concentrations Gastrointestinal problems; 
goblet cell hyperplasia 
in intestinal epithelium; 
changes in the immune sys-
tem with a decrease of lym-
phocytes in the spleen and 
thymus; hair color changes; 
skin rashes; transient period 
of Aβ reduction may be fol-
lowed by elevated Aβ 

Phase II and III 

MK-0752 
(Merck) 

Reduces Aβ1–40 concentrations in the 
CSF of healthy volunteers 

Inhibits Notch cleavage. 
Significant gastrointestinal 
toxicity in humans 

Phase I

E2012 
(Eisai) 

Induces Notch sparing Lenticular opacity in rats Phase I 

BMS-708163 
(Bristol-Myers Squibb) 

Induces Notch sparing. Reduces Aβ 
concentrations in the CSF of healthy 
volunteers 

Well tolerated Phase II 

GSI-953 
(Wyeth) 

Does not reduce Aβ1–40 concentra-
tions in the CSF of healthy volunteers. 
Improves memory in a transgenic mouse 
model of AD 

Well tolerated Phase II

Aβ 
Aggregation 
inhibitors 

PBT-2 
(Prana Biotechnology 
Ltd) 

Inhibits Aβ-metal binding, ie, precipita-
tion of Aβ by zinc and its radicalization 
by copper. 
Reduces CSF Aβ levels with significant 
improvement above baseline in perfor-
mance shown on executive tests 

Headache; dizziness; som-
nolence 

Phase II and III 

Scyllo-cyclohexanehexol 
(AZD-10, ELND005) 
(Transition 
Therapeutics/Elan) 

Reduces accumulation of Aβ and Aβ 
plaques in the brain, and reduces or 
eliminates learning deficits in a leading 
transgenic mouse model of AD 

Well tolerated Phase II 

Aβ: beta-amyloid; ApoE4: apolipoprotein-E4; sAαPP: soluble amyloid precursor protein α-cleaved; CSF: cerebrospinal fluid;  
GABA: γ-aminobutyric acid.
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noted earlier, they are the source of over 150 autosomal 
dominant mutations, many of which cause increased pro-
duction of Aβ42, a species associated with early-onset AD.89 
γ-Secretase activity determines the length of the Aβ pep-
tide and thus the ratio of Aβ42 to Aβ40. Clinical trials of the 
γ-secretase inhibitor LY-450139 are currently underway. In 
one study, LY-450139 significantly decreased Aβ synthesis 
in a dose-dependent fashion, up to 84% over a 12-hour 
period with doses of 100 mg, 140 mg, and 280 mg versus 
placebo. Enzyme-linked immunosorbent assay (ELISA) 
measurements of CSF Aβ levels in this study confirmed a 
48% inhibitory effect at a dose of 280 mg.12,90 Modulation 
of γ-secretase activity by nonsteroidal anti-inflammatory 
drug (NSAID)-like agents has been shown to reduce brain 
Aβ42 concentrations and prevent cognitive deficits in 
animal models of AD. To date, however, several NSAID 
enantiomers like R-flurbiprofen have failed to demonstrate 
clear efficacy in reducing levels of Aβ in clinical trials.5

Inhibition of β-secretase activity is another area of thera-
peutic development. Most recently, the orally bioavailable 
agent CTS-21166 (ASP-1702), a highly selective β-secretase 
inhibitor, reached clinical trials within the last few years.12 
Since regulation of β-secretase endocytosis is known to be 
mediated in part by the ApoE receptor,91 compounds that 
may weaken ApoE receptors in vivo and thereby reduce Aβ 
are now of interest as well.92

Some of the most promising amyloid-targeted disease 
modification techniques in late-stage translational research 
have been designed to inhibit Aβ aggregation, enhance its 
clearance enzymatically, or remove plaques via immuno-
therapy.12,84

Aβ Aggregation Inhibitors 
One of the first aggregation inhibitors, tramiprosate, 

was reported to bind and maintain Aβ monomers in a 
non-fibrillar conformation, preventing the formation 
of neuritic plaques.93,94 A somewhat different approach 
focused on the relationship between trace metals (eg, zinc, 
copper, iron, aluminum) and Aβ pathology.95 Metal pro-
tein attenuating compounds (MPACs) have been known 
for some time to promote the solubilization and clearance 
of Aβ and may influence Aβ production and toxicity via 
a copper-catalyzed tyrosine cross-link.95 Most recently, a 
metallic-protein attenuating molecule, clioquinol (PBT-1), 
proceeded to Phase II trials, where it was shown to be safe 
after 12 weeks and to significantly interfere with amyloid-
based pathology.96 However, absent any significant effect 
on cognition and memory after 36 weeks, the drug has 
now been withdrawn from development.97

 Finally, other entities such as scyllo-cyclohexanehexol 
(AZD-10, ELND005) compete with phosphatidylinositol, 
an intracellular messenger that stimulates Aβ aggregation. 
Studies have shown that scyllo-cyclohexanehexol binds 

to Aβ oligomers, a process that inhibits their aggregation 
and toxicity, reduces plaque deposition, and caps cognitive 
deficits.12,98

Enzymatic Clearance 
Reduction of intracellular tissue plasminogen activation 

inhibitor 1 (PAI-1) reportedly increases plasmin-associated 
Aβ proteolysis,99 providing a basis for Aβ clearance via 
enzyme activation. A variant on this approach appeared 
with the hypothesis that amyloid proteolysis in the brain 
could be less pathogenic if Aβ could be removed to the 
periphery.100 This “peripheral sink” approach was based 
on work showing the active transport of Aβ in and out 
of the CNS across the blood-brain barrier. If the majority 
of antibodies were to remain in the periphery, more Aβ 
would be sequestered in peripheral immune complexes, 
correspondingly lowering the level of free Aβ in the blood. 
This action, in turn, alters the dynamics of amyloid trans-
port across the blood-brain barrier and contributes to a 
net efflux of Aβ out of the CNS.100 Two promising targets 
for this approach are the receptor for advanced glyca-
tion end products (RAGE) and low-density lipoprotein 
receptor-related protein-1 (LRP-1).101,102 Both modulate 
Aβ transport at the blood-brain barrier.101 Recently, one 
study concluded that peripheral administration of anti-
sense oligonucleotides targeting AβPP reverses LRP-1 
overexpression.102 PF-04494700, an oral inhibitor of RAGE, 
is presently in early stage clinical development.103

Beta-Amyloid Immunotherapy  
Multiple immunotherapeutic agents are now in clinical 

trials. The Phase III testing of AN-1791, a vaccine com-
prised of preaggregated Aβ, was designed to elicit a cell-
mediated immune response to Aβ plaque pathology.104 
However, inappropriate immune responses in clinical trials 
leading to meningoencephalitis stopped further develop-
ment of the vaccine. Subsequent studies showed that while 
immunotherapy could attenuate Aβ plaque deposition 
in AD models, it was ineffective if deposition was already 
underway.105 Schenk and coworkers reported that immu-
nization with aggregated Aβ42 attenuated AD pathology 
in animal models,106 consequently spurring development 
of humanized serum immunologics like bapineuzumab, 
solanezumab, and intravenous immunoglobulin-G, specifi-
cally directed against Aβ.90,107-109 The epitope (eg, amino-
terminal, mid-regional, carboxy-terminal) targeted by a 
particular monoclonal immunotherapy may determine 
which Aβ isoforms are cleared, the clinical effectiveness of 
that clearance, and the side-effect profile.110,111

ConCludinG CommEntS
At present, the Alzheimer’s patient faces a long and 

irreversible decline marked by debilitating behavioral 
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symptoms, progressive loss of functional capacities, and 
eventually death. Current symptomatic treatments target 
multiple neurotransmitter systems and have demon-
strated modest and transient improvements in patient 
function, yet they do not address the underlying and pro-
gressive deterioration of nerve cell structure and function. 
Novel imaging modalities are gradually becoming available 
to community neurologists, providing opportunities for 

early diagnosis and raising questions on how best to treat 
patients. Early diagnosis presages discussion of therapeu-
tic strategies that, when applied along a psychometric 
timeline, may blunt or otherwise prevent extensive and 
irreversible neural damage.112-114 If successful, such disease-
modifying treatments may fundamentally change the nat-
ural history of AD. Results from ongoing late-stage studies 
are expected over the next several years. n
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