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Review of Manocha et al.

Our understanding of the events involved
in the pathophysiology of Alzheimer’s
disease (AD) has undergone significant
revisions during the last few decades. It
has been proposed that accumulation
and deposition in CNS parenchyma of
amyloid-� peptide (A�), either from ex-
cessive amyloidogenic processing of the
�-amyloid precursor protein (APP) or
aberrant elimination of A� peptides, is a
core pathological event in the pathogene-
sis of the illness. Abnormal A� processing
was thought to be followed by intraneuro-
nal aggregation of hyperphosphorylated
tau, a microtubule-associated protein
normally localized in the axon, which
produces neurofibrillary tangles (NFTs)
and neuropil threads. Eventually, the
accumulation of these pathological hall-
marks was thought to be accompanied
by astrogliosis and activation of neuroin-
flammatory processes, leading to neuronal
and synaptic dysfunction and culminat-
ing in cognitive decline (Hardy and Sel-
koe, 2002; Wyss-Coray and Rogers, 2012).

A major assumption in the AD field
has been that neuroinflammation reflects
terminal stages of the disease progression
and a consequence of neurodegeneration

mediated by amyloid and tau pathology.
However, many recent genetic, preclini-
cal, and neuroimaging studies challenge
this notion and suggest that neuroinflam-
matory mechanisms can cause neurode-
generation and exacerbate AD pathology,
setting up a vicious pathophysiological
cycle. In agreement with this, a compel-
ling study by Manocha et al. (2016) in The
Journal of Neuroscience demonstrates that
A� can directly interact with APP to stim-
ulate activation of CNS resident immune
cells known as microglia. These microglial
cells are derived from the developing mes-
enchyme in which myeloid progenitors
produce cells that translocate to the CNS
and proliferate as microglia (Rezaie and
Male, 2002). A� deposits have long been
known to be particularly potent at stimu-
lating microglial activation, as indicated
by the high concentration of microglia
expressing MHCII and other markers of
activation around these deposits in post-
mortem brain samples from patients with
AD (McGeer et al., 1988). Recruitment of
microglia to newly formed A� plaques oc-
curs rapidly, and there appears to be a
dynamic interaction between A� and
immune-related pathways (Bolmont et
al., 2008; Meyer-Luehmann et al., 2008).
However, the exact nature of the interac-
tion between A� and microglia remained
to be elucidated. The studies performed
by Manocha et al. (2016) examine this in-
teraction and offer insight that may rec-
oncile the amyloid cascade hypothesis

and neuroinflammation hypothesis of AD
(Hardy and Selkoe, 2002; Wyss-Coray
and Rogers, 2012).

Using primary microglial cultures de-
rived from wild-type and microglial APP
knock-out (mAPP�/�) mice, Manocha et
al. (2016) investigated the ability of oligo-
meric and fibrillar A� to activate micro-
glia. A� can exist in various aggregation
states, including soluble oligomers as well
as insoluble �-pleated amyloid fibrils that
are the main component of dense-core
plaques, and these states differ in their
ability to prime microglial cells for activa-
tion following a stimulus (Heppner et al.,
2015). The authors discovered that fibril-
lar A� induced upregulation of protein
phosphotyrosine and proinflammatory
cytokine TNF-� in both wild-type and
mAPP�/� cultures. However, oligomeric
A� stimulation of phosphotyrosine and
TNF-� in mAPP�/� cultures were signif-
icantly attenuated in the absence of APP,
although the increases in phosphoty-
rosine and TNF-� were observed in con-
trol cultures.

Using intracerebroventricular infu-
sion of A�, Manocha et al. (2016) reca-
pitulated the in vitro findings that A�
stimulates microglial activation in wild-
type and mAPP�/� microglia in vivo. To-
tal protein phosphotyrosine levels were
elevated across multiple brain areas,
including the frontal cortex, temporal
cortex, hippocampus, and cerebellum.
Furthermore, CD68, a marker for micro-
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gliosis, was elevated across the same brain
regions and levels were correlated with
phosphotyrosine levels. Importantly, A�
administration was associated with a con-
comitant reduction in putative presynap-
tic and postsynaptic markers, including
syntaxin, synaptophysin, and PSD95,
consistent with the enhanced microglio-
sis. The association of microglial activa-
tion with the loss of synaptic markers is
particularly compelling in light of recent
discoveries that support a potential role of
microglia in normal synaptic remodeling
(Nimmerjahn et al., 2005; Wake et al.,
2009).

Using transgenic AD mouse models
harboringAD-linkedmutations(i.e.,APP/
PS1 mutants) that affect the generation
and propensity to aggregate A�, the
authors argue that endogenous APP is
necessary for A� plaque-associated mi-
crogliosis. To test this, the authors created
a new mouse strain by crossing mice with
APP knock-out (mAPP�/�) in microglia
with APP/PS1 mutants, resulting in the
generation of APP/PS1XmAPP�/� mice.
These mice had attenuated microgliosis
compared with APP/PS1 mice, reflected
in lower immunoreactivity for several
markers of microglial activation, includ-
ing CD68, CD11b, and Iba-1, along with
reduced proliferation and chemokine-
stimulated migratory ability. By analyzing
transcript levels for various proinflamma-
tory (e.g., TNF-� and IL-6) and anti-
inflammatory cytokines (e.g., IL-10) by
RT-PCR, the authors found significantly
attenuated expression levels of TNF-� and
IL-6, consistent with reduced microgliosis
in the brain of APP/PS1XmAPP�/� mice.

Using ELISA analysis, the authors
showed that A� oligomers interacted with
APP in a dose-dependent manner, whereas
fibrillar A� was unable to bind to APP. A�
binding was suppressed with an antibody
against cell surface APP receptors, indi-
cating that the interaction was specific.
These findings are consistent with the idea
that, compared with fibrils, A� oligomers
are more prone to induce synaptotoxicity
and impair synaptic plasticity (Hsia et al.,
1999; Mucke et al., 2000; Walsh et al.,
2002).

To investigate the behavioral pheno-
type of APP/PS1XmAPP�/� mice, the
authors used several tests, including the
open-field, light/dark box, and T-maze
tests. The APP/PS1XmAPP�/� mice had
better memory performance, increased
exploratory behavior, and diminished
anxiety-like behavior compared with
APP/PS1 mice, consistent with the bio-

chemical, histological, and molecular
analyses.

In aggregate, Manocha et al. (2016)
identify a novel mechanism by which mi-
croglial APP plays a pivotal role in modu-
lating microglial migratory ability and
inflammatory activation in response to
A� stimulation. The authors posit that A�
secretion might occur from various cells
and affect microglia in a paracrine man-
ner and that A� might also be synthesized
from microglial APP and regulate micro-
glia in an autocrine manner. In conjunc-
tion with other lines of evidence, these
findings reinforce the notion that neuro-
inflammatory processes occupy a central
role in the pathogenesis of AD. The in-
sights gleaned from studies, such as this,
significantly enhance our understanding
of the disease process involved in AD and
offer the promise of delivering novel ther-
apeutic targets and plausible biomarkers
relevant to diagnostics.

These findings are in accord with re-
cent studies suggesting that complement
cascade signaling and microglial activa-
tion mediate early synapse loss and neu-
rite dysfunction in AD mouse models and
that aberrant reactivation of developmen-
tal synaptic pruning pathways might drive
the pathogenesis of the illness (Ketten-
mann et al., 2013; Hong et al., 2016). Res-
ident microglia in adult CNS were found
to phagocytose synapses when exposed to
synaptotoxic A�, and genetic deletion of
downstream complement component C3
ameliorated synapse loss in APP/PS1 mice
(Hong et al., 2016). These studies present
microglia as potential cellular mediators
of synaptic dysregulation, the strongest
correlate of cognitive decline in AD
(DeKosky and Scheff, 1990; Hong et al.,
2016). Indeed, PET, using benzodiazepine
ligands to track activated microglia, has
revealed a robust increase in signal in-
tensity in AD patients compared with
matched healthy control subjects, along
with a negative correlation between mi-
croglial load and cognitive status scores
(Edison et al., 2008). Furthermore, the
ability of using markers of inflammation
as biomarkers for disease progression
is validated by recent clinical trials in
patients with AD, which reported that in-
travenous infusions of antibody-based
immunotherapy known as aducanumab
(BIIB037) against A� reduced soluble A�
oligomers and insoluble A� fibrils, in a
dose- and time-dependent manner (Sevi-
gny et al., 2016). Preclinical mechanistic
studies have shown that aducanumab can
penetrate the blood– brain barrier and
engage A� species with a high degree of

specificity and clear plaque deposits. Im-
portantly, elimination of toxic A� oli-
gomers and fibrils was associated with
enhanced recruitment of microglia and
slowing of cognitive decline in patients
with AD, suggesting that the clinical ben-
efit of the pharmacological agent might
be mediated by the interaction between
A�, microglia, and immune-related path-
ways (Sevigny et al., 2016).

Several studies suggest that innate
immunity receptors in addition to APP
can influence microglial localization and
phagocytosis capabilities. For example,
the receptor for advanced glycation end-
products can directly interact with A� to
modulate microglial proliferation and re-
cruitment to plaques, a phenomenon that
can be reversed by blockade of the recep-
tor for advanced glycation endproducts
with antibodies (Chen et al., 2007). Fi-
nally, it remains to be determined whether
NFTs, which have a stereotypical spatio-
temporal progression that correlates sig-
nificantly with cognitive impairments in
AD patients (Braak and Braak, 1991), can
also induce microglial activation, culmi-
nating eventually in synapse loss and
dysfunction and further exacerbating
AD pathology.

In conclusion, Manocha et al. (2016)
have identified what may be a crucial
pathogenic mechanism in AD: activation
of microglia mediated by A� binding to
APP on microglia. These studies provide
compelling support for dysregulated im-
mune activation in the pathophysiology
of AD. A more nuanced understanding
of the role of neuroinflammation in the
pathogenesis of AD offers the promise
of delivering more effective pharmaco-
therapies in the treatment of debilitat-
ing symptoms.
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