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Abstract
Purpose of Review This review provides an updated summary of our current understanding of the role of neuroinflammation in
Alzheimer’s disease (AD). We introduce the main cellular and molecular players in AD-related neuroinflammation, highlight the
latest discovery on how inflammasome participates in the development of AD, and discuss potential neuroimmunomodulation
approaches for AD prevention and therapy.
Recent Findings AD is characterized by the abnormal accumulation or aggregation of proteins such as amyloid β (Aβ) and tau,
which could act as danger-associated molecular patterns that engage pattern-recognition receptors to activate inflammatory
signaling pathways and promote the production and release of a variety of inflammatory mediators. While the role of
neuroinflammatory response in AD is complex and poorly understood, it is generally considered that consistent neuroinflam-
mation has detrimental effects and facilitate the progression of AD. In particular, recent evidence suggests that targeting Nod-like
receptor protein 3 (NLRP3) inflammasome could slow the deposition of Aβ plaques in the brain and improve neurological
outcome in AD patients.
Summary Neuroinflammation plays an important role in AD. Further elucidation of molecular mechanisms underlying AD-
related neuroinflammatory response would help develop novel strategies for the prevention and treatment of AD.
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Introduction

The last decades have witnessed notable increase in our life
span. Consequently, aging has become a new problem to our
society. In particular, aged-related neurodegenerative

disorders significantly impact the quality of life of elder peo-
ple. Alzheimer’s disease (AD) is the most common neurode-
generative disorder, characterized by progressive cognitive
deterioration and behavioral abnormalities [1]. Therefore,
AD is the most prevalent form of dementia in the elderly,
contributing to their vegetative state and ultimately death
[2]. The decline in the cognitive and functional abilities has
been attributed to the widespread loss of synapses and neuro-
nal cell death, which are proposed to be caused by the forma-
tion of amyloid β (Aβ) plaques and tau neurofibrillary tan-
gles, which are two pathological hallmarks of AD [3].

Accumulating evidence has demonstrated that neuroinflam-
mation plays an important role in the pathogenesis of AD [4•,
5]. However, it is still under debate whether neuroinflammation
is a primary or secondary event in AD, and whether inflamma-
tion in the central nervous system has beneficial or deleterious
effects [6, 7]. In this review, we will provide an overview of our
current understanding of the role of neuroinflammation in AD.
We introduce the main cellular and molecular players in AD-
related neuroinflammation, highlight the latest discovery on
how inflammasome participates in the development of AD,
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and discuss potential neuroimmunomodulation approaches for
AD prevention and therapy.

Neuroinflammation

Inflammation is a secondary protective response caused by
trauma or infections. The term Bneuroinflammation^ was pro-
posed to describe inflammatory response originated in the
central nervous system (CNS) after suffering an injury or in-
fection [8]. Notably, the immune and inflammatory reactions
in the CNS are different from those in the rest of the human
body mainly due to the presence of the blood-brain barrier
(BBB), which restricts the infiltration of the leukocytes into
the brain parenchyma. In addition, the interactions of microg-
lia and astrocytes drive most immune/inflammatory responses
in the CNS [9]. Although neuroinflammation evolves as a
protective reaction in response to the injury or infection in
the CNS, inappropriate neuroinflammatory response could
cause neurodegeneration diseases including AD [10•].
Below, we will describe the main cellular and molecular
players in AD-related neuroinflammation.

Cellular Players in Neuroinflammation

Astrocytes

Astrocytes are the most numerous and diverse neuroglial cells
in the CNS and play many essential functions such as neuro-
transmitter uptake and recycling, axon guidance and synaptic
support, and the maintenance of BBB and blood flow [11].
Astrocytes can be distinguished from neurons and other glial
cells by the expression of special surface markers such as glial
fibrillary acidic protein (GFAP), glutamine synthetase, and
calcium-binding protein S100B [12].

Astrocytes are activated and exhibit morphological chang-
es such as hypertrophy and upregulation of GFAP expression
in the brains of AD patients [13]. Impaired calcium signaling
and synaptic plasticity of the astrocytes are involved in AD
[14]. In addition, dysfunction of the astrocytes could promote
neurodegeneration by disrupting glial-neuronal and glial-
vascular interactions [15•].

Microglia

Microglia are considered as the macrophages in the CNS be-
cause they are the main innate immune cells in the CNS.
Microglia are essential to healthy CNS function by remodel-
ing the synapse, clearing the debris, and providing trophic
support for the neurons. More importantly, they are the major
driver of the innate immune response via the recognition of
pathogen-associated molecular patterns (PAMPs) or danger-

associated molecular patterns (DAMPs) [16]. In addition, mi-
croglia are phagocytic cells that ingest and clear Aβ [17].
However, there is conflicting reports on the association of
the activation of microglia in vivo with Aβ plaque burden
[18, 19].

Molecular Players in Neuroinflammation

PAMPs and DAMPs

PAMPs and DAMPs are important inducers and modulators
of neuroinflammation [20••]. PAMPs indicate microbial mol-
ecules that are usually absent in host cells, such as bacterial
flagellin, lipid A, lipoproteins, bacterial DNA, and virus
double-stranded RNA. In contrast, DAMPs are molecules re-
leased by host cells upon stress as endogenous danger signals
to induce and aggravate inflammatory response. Typical
DAMPs include high-mobility group protein B1 (HMGB1),
S100, heat-shock proteins (HSPs), and Aβ. Another class of
DAMPs includes nucleic acids and derivatives, such as mito-
chondrial DNA, nuclear DNA, and adenosine triphosphate
(ATP).

Both PAMPs and DAMPs induce neuroinflammation in
AD. In particular, Aβ induces inflammatory responses via
the activation of the toll-like receptors (TLRs) [21]. On the
other hand, mitochondrial DNA and nuclear DNA released
from the injured cells can enter the blood and act as DAMPs
to induce inflammation and neurodegeneration [22].

Cytokines

Cytokines are known as the key mediators of inflammation. In
the CNS, cytokines are mainly released by glia cells including
astrocytes and microglia upon their activation by inflammato-
ry challenge as described above. Up to now, three cytokines
have been extensively studied due to their involvement in AD
progression.

Interleukin 1β (IL-1β) serum levels are known to increase
in AD patients as well as patients with mild cognitive impair-
ment [23]. In addition, IL-1β polymorphisms have been im-
plicated in the pathogenesis of AD [24].

IL-12 is an important cytokine that plays a role in the reg-
ulation of innate and adaptive immunity. IL-12 level increased
in the cerebrospinal fluid (CSF) of AD patients, and the inhi-
bition of IL-12 signaling could alleviate the pathology and
cognitive defects associated with AD [25]. Recently, IL-12
polymorphism has been shown to be associated with AD in
Han Chinese [26].

Transforming growth factor β (TGFβ) is another key reg-
ulator of inflammation. TGF-β level is high in amyloid
plaques and in the CSF of AD patients. While overexpression
of TGF-β promoted Aβ deposition in cerebral blood vessels,
TGF-β could increase Aβ phagocytosis. Moreover, TGF-β
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could regulate tau protein-associated neurofibrillary tangles.
These results suggest a complex role of TGF-β in neuroin-
flammation [20••].

Chemokines

Chemokines function as chemoattractants to recruit immune
cells from the periphery to the CNS and activate glial cells in
the CNS. Therefore, chemokines are crucial inflammatory
mediators and contribute to neuroinflammation [27].

CX3C chemokine ligand 1 (CX3CL1) and chemokine li-
gand 2 (CCL2) are two chemokines most intensively studied
for their role in the pathogenesis of AD. CX3CL1 is secreted
by neurons and plays an important role in modulating glial
activation in the CNS because its receptor CX3CR1 is pre-
dominantly expressed on microglia. The binding of CX3CL1
and CX3CR1 activates downstream signaling cascades to in-
duce the production of inflammatory factors such as IL-1β
and nitric oxide (NO) by glial cells, leading to neuroinflam-
mation and the progression of AD [28]. CCL2 is a β-
chemokine responsible for the recruitment of myeloid-
lineage such as monocyte-macrophages and microglia during
inflammatory conditions. Increased CCL2 levels have been
observed in the plasma, CSF, and the brain of AD patients.
Aβ stimulates microglia and astrocytes to produce CCL2,
which then binds its receptor CCR2 to activate CCL2/CCR2
signaling and enhance neuroinflammation [29]. However, a
recent study showed that CCL2 deficiency accelerated the
impairments in hippocampal neurogenesis and learning and
memory dysfunction in AD mouse model [30]. Therefore,
further studies are needed to reveal the precise function of
CCL2 in AD pathogenesis.

Other Molecules

In addition, a variety of molecules such as interferons, tumor-
necrosis factors, colony-stimulating factors, growth factors,
cell adhesion molecules, complement molecules, enzymes,
and other inflammatory molecules participate in neuroinflam-
mation and play crucial role in AD progression [31]. We ex-
pect that more molecules involved in neuroinflammation will
be identified and characterized in the near future, which will
facilitate our understanding of complete scenario of
neuroinflammatory process and provide novel biomarkers
and therapeutic targets for AD.

Inflammasome and AD

Themost significant breakthrough in the field of inflammation
is perhaps the discovery of the inflammasome by the group of
Prof. Jürg Tschopp at the University of Lausanne in 2002
[32••]. Four inflammasome complexes (NLRP1, NLRP3,
IPAF, and AIM2) have been identified. The inflammasomes

are multiprotein complex mainly expressed in myeloid cells
and are required for the activation of inflammatory cascade,
from the activation of caspase 1 protease to the downstream
secretion of two of its substrates, proinflammatory cytokines
IL-1β and IL-18 [33]. Inflammasome has attracted great at-
tention of the researchers in the field of AD and it has been
proposed that Aβ activates inflammasomes in neurons and
microglia and induce Alzheimer’s pathology [34]. A recent
study confirmed that the activation of at least two different
in f l ammasome complexes (NLRP3 and NLRP1
inflammasomes), which may explain AD-associated neuroin-
flammation [35].

However, AIM2 is the most dominant inflammasome sen-
sor expressed in the brain. A recent study reported that Aim2
knockout diminished Aβ deposition and microglial activation
in the mice but did not have a beneficial effect on the spatial
memory or inflammatory cytokine expression of the mice,
suggesting that different inflammasomes have distinct role in
different physiological and pathological events [36].

Currently, NLRP3 inflammasome is the most extensively
studied inflammasome among all inflammasome complexes
identified so far and has been shown to be crucially involved
in AD pathogenesis [37]. As shown in Fig. 1, once Aβ mono-
mers form Aβ plaques in the brain, they are sensed by pattern-
recognition receptors such as TLR on the surface of microglia.
Consequently, the innate immune response is activated, leading
to the activation of NF-κB. Next, the activated NF-κB is
translocated into the nucleus where it drives the transcription
of pro-IL-1β and NLRP3. In the cytoplasm, the newly synthe-
sized NLRP3 protein recruits the adaptor protein apoptosis-
associated speck-like protein containing a CARD (ASC) via
direct interaction with the PYD domain of ASC and triggers
the assembly and activation of inflammasome complex. The
activated NLRP3 inflammasome could then process pro-IL-
1β to mature IL-1β, which will then be released into the extra-
cellular space to promote inflammation [38].

Notably, the activation of NLRP3 inflammasome has
been documented in the brains of AD patients and trans-
genic AD mouse models [39•]. Moreover, genetic defi-
ciency in NLRP3 or caspase-1 (both are components of
NLRP3 inflammasome) could protect transgenic AD mice
from Aβ-related pathology and spatial memory impair-
ment as well as cognitive decline [40••]. Taken together,
these results strongly suggest that the activation of
NLRP3 inflammasome contributes to the progression of
AD. However, while it is generally accepted that Aβ olig-
omers activate NLRP3 inflammasome, NLRP3 knockout
mice had significantly reduced Aβ plaque burden, sug-
gesting a reciprocal relationship between Aβ and
NLRP3 [40••]. Indeed, innate immune activation can oc-
cur even before the production of Aβ. A very recent study
reported a surprising discovery that the aggregation of Aβ
depends on the three amino acids in the pyrin domain of
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ASC, which may mediate the direct interaction with Aβ.
In vitro, purified ASC accelerated the aggregation of path-
ogenic forms of Aβ (Aβ1–40 and Aβ1–42). In vivo,
ASC co-immunoprecipitated with Aβ in brain lysates of
AD transgenic mice, but not in brain lysates of wild-type
control mice. Furthermore, immunohistochemical staining
confirmed the co-localization of ASC and Aβ in the
brains of AD transgenic mice even before they showed
AD-like symptoms. Similarly, ASC and Aβ interaction
was demonstrated in the brains of AD patients including
the patients at the early stage of AD, but not in the brains
of patients with other neurodegenerative diseases [41••].
As expected, ASC deficiency in AD mice led to reduced
Aβ plaque formation and improved spatial memory.
Similarly, the injection of an anti-ASC antibody blocked
Aβ plaque formation and the development of AD-like
pathology in AD mice [41••]. Collectively, these striking
findings suggest that upon inflammasome activation, ASC
is released into the extracellular space of microglia to
promote the seeding and aggregation of Aβ, which will
in turn induce the activation of NLRP3 inflammasome,

forming a positive feedback loop and vicious cycle to
accelerate AD pathology (Fig. 1).

Neuroimmunomodulation as New Avenue for AD Therapy

Given the crucial role of neuroinflammation in AD pathogen-
esis, neuroimmunomodulation shows good potential to inhibit
neuroinflammation and prevent and block the development of
AD. In the past decades, a variety of anti-inflammatory ap-
proaches have been developed to modulate inflammation in
the CNS in order to delay AD progression. These approaches
include the use of non-steroidal anti-inflammatory drugs
(NSAIDs), TNFα inhibitors, and other anti-inflammatory
drugs such as prednisone, hydroxychloroquine, simvastatin,
and atorvastatin. Although some of them showed certain effi-
cacy in clinical trials, not all of them have produced signifi-
cantly improved cognitive effects in AD patients [20••].

With recent progress in the understanding of the role of
inflammasome in AD progression, inflammasome complex
(in particular NLRP3 inflammasome) has become promising
therapeutic targets for AD [42]. Based on the screening of

Fig. 1 A brief schematic presentation of the crucial role of NLRP3
inflammasome in AD pathogenesis. Aggregated Aβ is recognized by
TLR receptor on the surface of microglia, activating the downstream
inflammatory response. Among a variety of inflammatory pathways,
here, we only present the activation and translocation of NF-κB into the
nucleus, where it drives the transcription of NLRP3 and pro-IL-1β. In the
cytoplasm, the newly synthesized NLRP3 protein recruits the adaptor

protein ASC and triggers the assembly and activation of NLRP3
inflammasome. Next, the activated NLRP3 inflammasome processes
pro-IL-1β to mature IL-1β, which is released into the extracellular space
to promote inflammation. On the other hand, upon inflammasome acti-
vation, ASC is also released into the extracellular space to promote the
seeding and aggregation of Aβ, forming a positive feedback loop and
vicious cycle to accelerate AD pathology
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NSAIDs for the activity on NLRP3 activation in vitro,
fenamate mefenamic acid was identified to selectively inhibit
NLRP3 inflammasome formation and significantly reduce
memory defects in several AD mouse models [43]. As
discussed earlier, targeting ASC, the adaptor of NLRP3
inflammasome, by genetic knockout or antibody could reduce
Aβ plaque burden and memory defects in AD mice [41••].

In addition, several cellular signaling pathways that may
act as the secondary stimuli of inflammasome activation pres-
ent attractive therapeutic targets for AD. Upon cell death, ATP
is released into the extracellular space to activate P2X7 recep-
tor, which will activate NLRP3 inflammasome via K+ efflux.
Aβ-mediated activation of NLRP3 inflammasome is depen-
dent on P2X7 receptor because genetic knockout of P2X7
receptor inhibited the development of AD-like pathology in
ADmice model [44]. These results suggest that pharmacolog-
ical intervention with P2X7 receptor opens a new avenue for
AD therapy.

Currently, several drugs have been shown to inhibit
inflammasome although their mechanisms of action have not
been fully understood. 3,4-methylenedioxy-β-nitrostyrene
(MNS) has been shown to alter cysteines on NLRP3 protein
and disrupt NLRP3-NEK7, NLRP3-NLRP3, or NLRP3-ASC
interaction. MCC950 (CP-456773) is a potent inhibitor of
NLRP3 activation which may act downstream of K+ efflux
but does not affect NLRP3-ASC or ASC-ASC interaction [45].

Perspective

In this review, we attempt to summarize recent advances on
our understanding of the role of neuroinflammation in AD,
with special focus on the NLRP3 inflammasome. It appears
that Aβ and inflammasome utilize each other to amplify neu-
roinflammation, ultimately leading to pathological and clini-
cal aspects of AD patients.

Although the important role of neuroinflammation in AD
pathogenesis has been better appreciated by the researchers in
AD field, there are still many gaps in our current knowledge of
these pathological processes which hinder the development of
successful therapeutics. It is necessary to further elucidate
molecular mechanisms how Aβ mediates neuroinflammation
and how inflammasome activation accelerates Aβ burden in
AD patients. NLRP3 inflammasome is a promising pharma-
cological target because its inhibition would specifically ab-
rogate pathological inflammation without affecting basal mi-
croglia function or increasing the susceptibility to infection in
AD patients. By employing the state-of-art screening and
structure-based molecular modeling techniques, we expect
that continuous effects to develop novel inhibitors of
inflammasome will bring fruit in the coming years. These
inhibitors will not only provide potential immunomodulation
agents for AD prevention and therapy but also equip us with a

diverse set of tools to further understand the role of neuroin-
flammation in AD.
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