Send Orders for Reprints to reprints@benthamscience.net

372 Current Neuropharmacology, 2022, 20, 372-383

REVIEW ARTICLE

Interleukin-17A in Alzheimer’s Disease: Recent Advances and Controversies

Xin-Zhu Yan', Laijun Lai®, Qiang Ao’, Xiao-Hong Tian"" and Yan-Hui Zhang""

'Department of Tissue Engineering, School of Intelligent Medicine, China Medical University, 77 Puhe Avenue, Shenbei
New District, Shenyang 110122, China; 2Departmem‘ of Allied Health Sciences, University of Connecticut, Storrs, CT,
USA; “Institute of Regulatory Science for Medical Device, National Engineering Research Center for Biomaterials, Si-

chuan University, Chengdu 610064, China

Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disease that mainly affects
older adults. Although the global burden of AD is increasing year by year, the causes of AD remain
largely unknown. Numerous basic and clinical studies have shown that interleukin-17A (IL-17A)
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may play a significant role in the pathogenesis of AD. A comprehensive assessment of the role of

IL-17A in AD would benefit the diagnosis, understanding of etiology and treatment. However, over
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the past decade, controversies remain regarding the expression level and role of IL-17A in AD. We
have incorporated newly published researches and point out that IL-17A expression levels may vary
along with the development of AD, exercising different roles at different stages of AD, although

much more work remains to be done to support the potential role of IL-17A in AD-related patholo-

Dol:
10.2174/1570159X19666210823110004

gy. Here, it is our intention to review the underlying mechanisms of IL-17A in AD and address the

current controversies in an effort to clarify the results of existing research and suggest future studies.
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1. INTRODUCTION

AD is the most common neurodegenerative and inflamma-
tory neurological disease with insidious onset and slow pro-
gression. Different from other neurodegenerative diseases and
inflammatory neurological diseases, AD affects the greatest
number and has become the fifth leading cause of death glob-
ally [1]. Early diagnosing and intervention may help reduce
morbidity and mortality, but that remains a challenge.

Accumulating evidence supports that IL-17A-producing
(Th17) cells and their effector cytokine interleukin-17A (IL-
17A, also called IL-17), are implicated in AD. Specifically,
the evidence from epidemiological studies showed that in the
serum and brain of AD patients, the protein level of IL-17A
increases to about 3 fold of age-matched controls [2]. Corre-
spondingly, a comparable increase of IL-17A was found in
the brain and serum of AD mouse models [3]. Based on the-
se results, IL-17A is supported to be a good biomarker for
distinguishing AD from cognitively healthy control [4, 5],
and a potential contributor to the progression of AD. How-
ever, the level changes and specific role of IL-17A in AD
remains controversial.

In this review, we intend to address these controversies,
initiate discussions to overcome the limitations of existing
research and suggest future studies.
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2. BIOLOGICAL FUNCTIONS OF IL-17A

IL-17A (originally called CTLA-8), cloned in 1993 [6,
71, is a novel type of cytokine that is different from other
known cytokine families. The human IL-17A gene (mapped
to the chromosome location 6p12) product is a protein of 150
amino acids with a molecular weight of 15 kDa, and is se-
creted as a disulfide-linked homodimer of 30-35 kDa glyco-
protein [8, 9]. The cluster of differentiation 4" (CD4") T
helper 17 (Th17) cells was initially considered to be the cel-
lular source of IL-17A [10, 11]. However, with in-depth re-
search, it has been shown that various cell types can produce
IL-17A, including CD8" cells (termed “Tc17”), y8-T cells,
CD3" invariant Natural Killer T (iNKT) cells, Lymphoid-
Tissue inducer (LTi)-like cells, Natural Killer (NK) cells and
myeloid cells [12, 13]. In addition to immune cells, glial
cells residing in the Central Nervous System (CNS) also
express IL-17A under physiological conditions [7, 14].

IL-17A is a typical cytokine of the IL-17 family, which
contains six structurally related inflammatory cytokines,
including IL-17A, IL-17B, IL17C, IL-17D, IL-17E (IL-25)
and IL-17F [15]. These cytokines adopt a monomer folding
of typical cystine knot growth factors, analogous to Nerve
Growth Factor (NGF) and Platelet-Derived Growth Factor
(PDGF) [7].

IL-17 functions through attaching to the high-affinity lig-
and-receptor IL-17R [16]. The IL-17R is located on different
cell types of the CNS, including neurons, astrocytes, and
microglia [17]. The first reported IL-17-binding receptor (IL-
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17RA) is a single-pass transmembrane protein of approxi-
mately 130 kDa [9]. It contains a 293 amino acid extracellu-
lar domain, a 21 amino acid transmembrane domain, and a
long 525 amino acid cytoplasmic tail [18]. In accordance
with IL-17, IL-17R family also comprises of five subunits,
IL-17RA, IL-17RB, IL-17RC, IL-17RD and IL-17RE, which
share a cytoplasmic motif named ‘‘SEFIR”’. It is far related
to the “Toll/IL-1R” (TIR) domain [15]. The SEFIR domain
plays a crucial role in IL-17 signal transduction. This domain
is also present in Actl,which is a unique cytoplasmic adaptor
required to activate IL-17-dependent signaling pathways
[19]. Hence, Actl (also known as CIKS, connected to kB
kinase and stress-activated kinase) interacts with IL-17RA
and IL-17RC through homotypic SEFIR interactions to initi-
ate signal transduction. Actl additionally contains a TRAF-
binding site, which can associate with TRAF family proteins
to complete IL-17-driven signaling pathways [19]. Firstly,
Actl binds to TRAFG6 to drive the activation of the classical
Nuclear Factor of activated B-cells (NF-kB) pathway
through IkB kinases (IKK) activation and IkBa degradation
[19]. Subsequently, NF-kB involves in the physiological
inflammatory processes of AD by regulating the production
of inflammatory cytokines [20]. On the other hand, TRAF6
also promotes the activation of MAPK pathways, which are
involved in the pathology of a variety of human diseases,
such as AD [21].

In addition, IL-17RA has a non-conserved region at ex-
tending ~100 residues beyond the SEFIR. SEFIR and
SEFEX regions together comprise a single composite struc-
tural motif. SEFIR/SEFEX is needed for IL-17-dependent
signaling [22]. The cytoplasmic tail of IL-17RA also con-
tains a remote domain called “C/EBPf activation domain”
(CBAD), whose function is related to negative regulation of
signals [19]. C/EBP family members are part of the synergis-
tic activation of IL-17A and TNF-o, and these alternative
translations and phosphorylation of C/EBPf are mediated by
the IL-17RA CBAD domain, linking C/EBPB to negative
regulation of IL-17 [23].

Many studies have suggested that IL-17A plays an im-
portant role in inflammatory diseases. More and more evi-
dence has indicated that there is a strong link between IL-
17A and AD.

3. PHYSIOLOGICAL ROLE OF IL-17 IN BRAIN

IL-17A plays protective roles in host defense against ex-
tracellular bacterial and fungal infections [24]. In addition to
its role in immunity, IL-17A also participates in supporting
short-term learning. A new study from Ribeiro et al. pointed
out that IL-17A has an important physiological role in brain
rather than a simply pro-inflammatory factor. IL-17 pro-
duced by the unique population of meningeal-resident yo T
cells can up-regulate Brain-Derived Neurotrophic Factor
(BDNF) levels and support short-term learning [25].

4.1IL-17A IN ALZHEIMER’S DISEASE

Although IL-17A serves an important role in host de-
fense and short-term learning, it can also elicit pathophysio-
logical roles (Fig. 1). IL-17A gradually increases in the aging
process and is accompanied by an increase in the proportion
of IL-17-producing cells [26, 27]. Thl17 cells (IL-17-

Current Neuropharmacology, 2022, Vol. 20, No. 2 373

producing T cell) were significantly elevated in AD patients
[28]. The serum IL-17A levels in patients with AD (median
0.2 and interquartile range (0.5-4.7) pg/mL) were also signif-
icantly (P=0.028) higher than those of control (median 0.7
and interquartile range (0.2-1.7) pg/mL) [2]. Furthermore,
the level of IL-17A in cerebrospinal fluid (CSF) in AD pa-
tients was elevated [4, 29]. A significantly increased expres-
sion of IL-17A in AD mouse model brain (3.29 pg/100 pg
protein) was also observed [30]. In old mice, a specific sub-
set of yd T cells strongly expanded in lymph nodes and these
T cells promoted the production of the pro-inflammatory
cytokine IL-17A [31]. The levels of IL-17A in hippocampus,
CSF, and serum of AD rats were also markedly elevated [7,
32]. Taken together, the protein levels of IL-17A in the se-
rum, brain and CSF of AD patients and mouse models were
upregulated (Fig. 1A).

On the other hand, reduced IL-17A level in AD patients
has also been reported in two distinct human cohort studies
[5, 33] (Fig. 1B-1G). The conflicting results may be due to
the small size of the study group, different pharmacological
treatments, and lack of clinical dementia rating. To date,
there is no definitive evidence on how IL-17A altered in AD.
Further studies on the association between IL-17A level and
stages of AD are needed in the future.

In spite of the indefinite IL-17A alteration in AD, in-
creasing evidence has shown that IL-17A plays a role in the
neuronal degeneration of AD. IL-17A is related to olfactory
sensory impairments, cognitive dysfunction, A accumula-
tion, Tau hyperphosphorylation, Blood-Brain Barrier (BBB)
disruption, neuroinflammation, neuronal loss, neural differ-
entiation inhibition, and synaptic plasticity, which can accel-
erate neurodegeneration in AD (Fig. 2).

4.1. IL-17A and Olfactory Sensory Impairments

Olfactory dysfunction has been identified as one of the
earliest clinical symptoms of AD [34]. The exact pathophys-
iological mechanism of olfactory impairment in AD was not
yet elucidated. Current research suggests that IL-17A-
producing cells, Th17 lymphocytes, can drive the physiolog-
ical deficits of the olfactory circuit via reducing the excitato-
ry synapses of the Olfactory Bulb (OB) [35]. Moreover, the
olfactory function can be partially restored in mice lacking
Th17 lymphocytes [35]. Similarly, the neutralization of IL-
17A substantially alleviates olfactory impairment in AD
mouse model [36].

4.2. IL-17A and Cognitive Dysfunction

Cognitive impairment is prominent in AD [37]. The pa-
tients with this devastating disorder lose their ability to en-
code new memories, which are first trivial and then im-
portant details of life. As time goes on, both declarative and
non-declarative memory becomes profoundly impaired, and
the capacities for reasoning, abstraction, and language slip
away.

Disordered IL-17A production promotes cognitive im-
pairment. Tian ef al. reported that the enhanced IL-17A level
in the hippocampus contributed to AP accumulation and thus
declined the cognitive function [38]. Faraco et al. pointed out
that IL-17A impaired cognitive function through the induc-
tion of neurovascular disorders and tau phosphorylation
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Fig. (1). The controversial issues on IL-17A in Alzheimer’s disease. (A, B). Evidence shows that IL-17A and IL-17A-producing Th17 cells
are elevated in AD patients’ brain parenchyma, cerebrospinal fluid, lymph nodes and peripheral blood (A). However, the contrary evidence
exists that IL-17A level is decreased in AD patients’ peripheral blood (B). (C). A diagram of Amyloid Precursor Protein (APP) processing
pathway. APP is first cleaved by B-secretase f-site APP cleaving enzymel (BACEL) to liberate the soluble ectodomain of APP—soluble
APP (s APPB), and the intracellular domain C-Terminal Fragment (CTF) of APP (B-CTF). B-CTF is further processed by y-secretase to re-
lease the APP intracellular domain (AICD) and A peptides. (D). IL-17A induces AP accumulation by promoting A production and impair-
ing AP removal, which are through reducing the ability of microglia and macrophages to remove A accumulation, and upregulating the APP
and BACEL1 expression level. Moreover, the A peptides could bind to Toll-like receptors and activate NF-«B, which further promote IL-17A
production and ultimately aggravate Ap accumulation. (E). The contrary evidence shows that I1-17A could upregulate ATP-binding cassette
subfamily A member 1 (ABCA1) expression to facilitate AP transportation from brain into the blood circulation, thus reducing A} accumula-
tion. (F, G). IL-17A deteriorates cognitive function (F) whereas the controversial evidence support that IL-17A promotes cognition (G). (4
higher resolution/colour version of this figure is available in the electronic copy of the article).
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Fig. (2). Recent understanding of the molecular mechanisms of IL-17A in Alzheimer’s disease and the controversial evidence. (4 higher reso-
lution/colour version of this figure is available in the electronic copy of the article).

[39, 40]. In addition, neutralization of IL-17A resulted in
substantial functional recovery of AB-induced memory im-
pairment [36] (Fig. 1F). In contrast, Yang et al. reported that
the mice overexpressed IL-17A showed a significant im-
provement in learning deficits but not long-term memory
[25] (Fig. 1G).

4.3. IL-17A Related Ap Accumulation and Tau Hyper-
phosphorylation

The main pathological characteristics of AD are the pres-
ence of extracellular AB deposition and intracellular hyper-
phosphorylated tau accumulation in the affected areas of the
brain [41]. The abnormal AP deposition is mainly due to
excessive production and impaired clearance. AP is a 36-43
amino acid peptide generated by the amyloidogenic process
of Amyloid Precursor Protein (APP) [42]. Multiple alternate
pathways exist for APP proteolysis, but the most canonical
processing pathways are non-amyloidogenic pathway and
amyloidogenic pathway. The amyloidogenic pathway leads
to the generation of AP peptide, but the non-amyloidogenic
pathway does not. In amyloidogenic pathway, APP is first
cleaved by p-secretase [-site APP cleaving enzymel
(BACEY1) to release soluble ectodomain of APP-soluble AP-
PB (s APPB), and the intracellular domain C-Terminal Frag-
ment (CTF) of APP consisting of 99 amino acids (C99 or f3-
CTF)[43]. B-CTF is further processed by y-secretase to re-
lease the APP intracellular domain (AICD) and AP peptides
[44] (Fig. 1C). The reason for the AP overload can be the
overproduction and the clearance failure.

IL-17A signals dominantly mediate A4, accumulation
in AD mouse model. Tian et al. reported that an enhanced
level of IL-17A in the hippocampus led to the load of neo-

cortical AP by promoting APP synthesis [38]. Conversely,
IL-17A antibody treatment effectively reduced AP accumu-
lation [36, 45], and the possible mechanism is that IL-17A
antibody-induced BACE1 and inhibited APP expression
[45]. Studies also revealed that AP could be recognized by
immune receptors such as Toll-Like Receptor 4 (TLR4) and
Toll-Like Receptor 2 (TLR2), and the interactions led to
activation of IL-17A-related transcription factors, such as
NF-xB, which lead to upregulation of IL-17A in AD patients
[46-48]. Consequently, high amounts of IL-17A promote Af}
deposition. Thus, the vicious circle in vivo will further ag-
gravate the pathological process of AD (Fig. 1D).

In addition to mediating AP production, more and more
evidence shows that IL-17A can impair AP clearance. The
key mechanisms of AP clearance include removal of AP into
the peripheral blood and lymphatic systems and AP degrada-
tion within the CNS tissues. Recent reports suggest that IL-
17A decreases AP clearance in a dose-dependent manner
through impairing the amyloid clearing capacity of macro-
phage and microglia, and this effect can be blocked by IL-17
antibody [49] (Fig. 1D). In contrast, Yang et al. reported that
overexpressed IL-17A in AD model mice reduced soluble
AR levels in the hippocampus and cerebrospinal fluid by up-
regulating of ATP-binding cassette subfamily A member 1
(ABCA1), which facilitate AP transportation from brain into
the blood circulation [50] (Fig. 1E).

The accumulation of hyperphosphorylated Tau is also
implicated in the development of AD [51]. The mechanism
of how the abnormal IL-17A affects Tau phosphorylation
and mislocalization in AD has not been elucidated, but clini-
cal data showed that the IL-17A expression level in CSF is
significantly positively correlated with Tau, which can be
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used for the identification of tau pathology [4]. In addition, a
new study proposed that IL-17A might contribute to tau
phosphorylation by increasing calpain and Cyclin-Dependent
Kinase 5 (CDKY) activity, promoting p35 cleavage, and the-
se reactions may derive from the IL-17A induced reduction
of nitric oxide production and neuronal calpain nitrosylation
[40]. Remarkably, IL-17A has also been proved to play a
critical role in MAPK (p38, ERK and JNK) activation, which
are key kinases for tau phosphorylation [6, 52]. However,
further studies are needed to confirm the relation between
IL-17A and Tau hyperphosphorylation.

In summary, the dual role of IL-17A in the regulation of
AP and Tau might be closely associated with the stage and
processes of AD. In the initial stage of AD, the elevated IL-
17A may induce moderate glia activation, thereby promoting
the clearance of AP and Tau aggregation. Along with the
disease development, the infiltrated neutrophils and over-
activated glia secret excessive IL-17A in brain and CSF,
which aggravate the production but disrupt the clearance of
AP and Tau, leading to neuronal loss and further episodes.
However, more studies regarding how IL-17A regulates Af
and Tau in AD patients are needed.

4.4. IL-17A and Blood Brain Barrier Disruption

BBB is a highly selective semipermeable structural barri-
er, which is composed of brain microvascular endothelial
cells, pericytes, and astrocytes. Tight Junctions (TJ) are large
multiprotein complexes that form a continuous, circumferen-
tial, and belt-like structure at the end of the lumen of the
intercellular space to limit the paracellular flux of solutes
[53], thereby maintaining homeostasis and environment for
the neurons. A dysfunctional BBB has been implicated in the
pathogenesis of AD. Recent neuroimaging studies have re-
vealed that patients with Mild Cognitive Impairment (MCI)
and early AD have significant BBB breakdown in the hippo-
campus and several gray and white matter regions [54-56].
Correspondingly, transgenic mouse AD models have also
been shown to have BBB TJ loss [57]. IL-17A can disrupt
BBB integrity in both human brain endothelial cells and mu-
rine brain endothelial cell lines [58, 59]. According to re-
ports, the endothelial cells of BBB (BBB-ECs) express IL-
17A receptors, and the binding of IL-17A to the receptors
causes the disruption of BBB tight junctions [60]. Blockade
of IL-17A by genetic deletion or neutralization can reduce
the BBB disruption [59, 61, 62]. The underlying mechanisms
implicated may be related to TJ molecules reduction and
oxidant-antioxidant imbalance [59]. IL-17A can down-
regulate the level of TJ molecules (occluding, claudin-5, and
zonula occludens-1) to break BBB integrity [59], whereas
blocking IL-17A can reverse the decrease of occluding and
claudin-5 [61]. In addition, studies have also shown that IL-
17A disrupts BBB by directly disrupt the oxidant-antioxidant
balance by stimulating NO, reactive oxygen and nitrogen
species (ROS/RNS) formation in endothelial cells of BBB,
which primarily via activating ROS-producing enzymes
(NAD(P)H and xanthine oxidase), and phosphorylating en-
dothelial NO synthase at Ser1177 site [59, 63].

Once the BBB integrity is disrupted, more Th17 cells and
neutrophils will migrate into brain parenchyma, which pro-
duce more IL-17A and induce irreversible neuronal dysfunc-
tion [64, 65]. This synergy between the peripheral and cen-

Yan et al.

tral systems aggravates neuroinflammation and exacerbates
neurodegeneration of AD (Fig. 3).

4.5. IL-17A and Neuroinflammation

AD is a highly complex neurodegenerative disease, and
its etiology is also complicated, but it is clear that neuroin-
flammation plays a significant role in the progress of AD
[66]. Studies have shown that IL-17A supports the develop-
ment of AD by increasing and spreading pro-inflammatory
responses.

IL-17A up-regulates neuroinflammation by inducing and
maintaining the expression of inflammatory genes or trigger-
ing the migration of neutrophils through the BBB. The un-
balanced production of IL-17A promotes the expression of
various cytokines through activating NF-kB, Mitogen-
Activated Protein Kinases (MAPK), janus kinases (JAKs),
and activators of transcription (STATs) [67-69]. Similarly,
phosphorylated Actl and IL-17A can recruit TRAF2,
TRAFS, HuR, and Arid5a, and then the complex promotes
the pathway of post-transcriptional mRNA stabilization and
up-regulates the expression of inflammatory genes [70].
Other than that, the synergistic effect of IL-17A and TNF-a
also can maintain mRNA stabilization [71].

In addition, the chronic production of IL-17A facilitates
BBB dysfunction and initiates neutrophils into the CNS,
which further promotes AD-like pathology and cognitive
decline in AD mouse model [65]. The infiltrated neutrophils
in the cortex and hippocampus produced IL-17A [65] and
induce the cytokine crosstalk between microglia and astro-
cytes through peripheral immune cells [72, 73]. Then the
stimulated microglia and astrocytes produce pro-
inflammatory cytokines and chemokines, thereby amplifying
the infiltration of neutrophils, which lead to neurodegenera-
tion in AD by enhancing neuroinflammatory response and
detrimental neurotoxic effects [74, 75]. Moreover, a bio-
chemical investigation also revealed that IL-17Ab attenuated
the production of S100B, which is a component of the neu-
roinflammatory cycle that drives the pathogenesis of AD [36,
76].

4.6. IL-17A and Neuronal Loss

Neuronal loss is another critical pathological change in
AD brain. Several studies have shown that IL-17A or Th17
cells accumulated in AD neuronal loss [17]. Studies have
suggested that IL-17A/CD4" Th17 cells have a direct effect
on CNS-resident cells, especially neurons [77]. IL-17A can
induce direct cytotoxicity on neurons through an IL-17-IL-
17R combination [78], which leads to further neuronal injury
via NF-kB activation [79], excessive autophagy and cell cy-
cle dysregulation [80]. Besides, the CD4" Th17 cells can also
induce neuronal cell death by directly contacting with neu-
rons. Studies have shown that Th17 cells formed immune
synapse-like contacts with neurons and resulted in increased
Ca®" concentration, which precedes neuronal damage
through excitotoxicity [64, 81]. Th17 cells can also interact
with neurons through repulsive guidance molecule (RGMa)-
mediated direct contact and Fas/Fas ligand (FasL) interaction
[32]. Th17 cells strongly express RGMa, and the binding of
RGMa to neogenin receptor on neurons induces neurodegen-
eration through the dephosphorylation of Akt [82]. Depletion
of RGMa rescues neural degeneration [82]. In AD
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and Th17 cells would amplify the BBB disruption by secreting more IL-17A. (4 higher resolution/colour version of this figure is available in

the electronic copy of the article).

hippocampus, neurons expressed increased Fas and Thl7
cells expressed FasL, the occupancy of Fas receptor by the
ligand FasL induces apoptosis of neurons (Fig. 4A) [32]. In
addition, IL-17A is sufficient to exert an indirect effect on
neurons through mediating neuroinflammation, ROS produc-
tion, microglia activation, and oxygen-glucose deprivation.
The inflammatory responses heavily contribute to neuronal
death, and IL-17A has been shown to exacerbate neuroin-
flammation through triggering lymphocytes infiltration and
cytokines secretion. Similarly, ROS production and micro-
glia activation can aggravate the toxic effects on neurons. In
addition, neurons are extremely susceptible to changes in
oxygen or blood flow. Studies have shown that IL-17A is
able to elicit neurovascular dysfunction, thus producing neu-
ronal impairment (Fig. 4B) [39]. Studying the detailed
mechanism of IL-17 in neuron loss will shed more light onto
the AD pathology and may have major implications on po-
tential therapeutic intervention.

4.7. Neurogenesis and Neural Differentiation Inhibition

Adult hippocampal neurogenesis is the process in which
newly generated functional neurons incorporate into the
adult Dentate Gyrus (DG) of the hippocampus. This progress
contributes to learning and memory [83]. However, neuro-
genesis declines sharply in AD patients [84].

Several studies have shown that IL-17A acts as a nega-
tive modulator on adult hippocampal neurogenesis and neu-
ronal differentiation [85, 86]. Genetic deletion of IL-17A
increases both adult-born immature and mature neurons in
the DG of hippocampus, and further promotes synaptic func-
tion [85], and the underlying mechanism appears to have two
different aspects. First, IL-17-KO ameliorates the detri-

mental environment for neurogenesis in the DG tissue by
altering the production of cytokines. Second, IL-17-KO re-
duces the differentiation of Neural Stem Cells (NSCs) into
glia through elevating the expression of pro-neural genes and
inhibiting the expression of glial fate genes [87]. Similarly,
studies showed that IL-17A neutralization relieved the inhi-
bition of directional differentiation into astrocytes rather than
neurons [87].

In addition, the Th17 cells have been shown to impair
neurogenesis. Repulsive Guidance Molecule-a (RGMa)
participates in the collapse of axonal growth cones by inter-
acting with the neogenin receptor in CNS and contributes to
the regeneration failure of degenerated axons in AD [88],
which is associated with impaired neurogenesis [89]. Studies
have found that there is an intense RGMa in the amyloid
plaques and glial scar in AD brains [88], and Th17 cells have
been identified to strongly express RGMa. Therefore, the
neuronal network regeneration inhibition and neurogenesis
impairment of AD may be partly related to Th17 cells [90].

4.8. IL-17A and Synaptic Function

Many neurochemical analyses of AD brain tissue re-
vealed that AD represents, at least initially, as an attack on
synapses [91]. A quantitative morphological study of tem-
poral and frontal cortex biopsies was performed in an aver-
age of 2 to 4 years after the onset of clinical AD. The results
revealed that the number density of synapses in the biopsy
AD cortex was reduced by about 25% to 35% (uncountable
in electron micrographs), and the number of synapses per
cortical neuron was reduced by about 15% to 35% [92]. As
mentioned above, synapses may be the initial targets in AD,
and synaptic degeneration and synapse loss are early events
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via binding to IL-17RA which express on the neuron. The IL-17A/IL-17RA interaction induces neuronal damage through NF«B activation,
expressive autophagy and cell cycle dysregulation. Additionally, the IL-17A-producing Th17 cells are able to induce neurodegeneration via
Fas/FasL, RGMa/Neogenin interaction and immune-neuronal synapses formation. (B). The circulating IL-17A deprives oxygen-glucose sup-
ply via reducing cerebral blood flow and insulting endothelial function, which indirectly induces neuronal damage. Additionally, the injury of
endothelial cells, activation of microglial cells and astrocytes, infiltration of neutrophils would amplify the neuronal damage processes via pro-
ducing cytokines and ROS/RNS/NO. (4 higher resolution/colour version of this figure is available in the electronic copy of the article).

in the pathogenesis of patients with early AD and MCI. In
addition, research on Long-Term Potentiation (LTP) has
shown that it is functional, not structural synaptic changes,
which are responsible for the cognitive deficits [93].

However, little is known about the effects of IL-17A on
synapse. Several studies pointed out that deficiency of IL-
17A is associated with synaptic function. In Liu’s study, they
examined baseline synaptic transmission, short synaptic and
LTP in the DG of hippocampus in both IL-17 KO and WT
mice and found that the basic synaptic transmission was sig-
nificantly enhanced in the DG of IL-17 KO mice [85].

CONCLUSION

In this review, we focus on the relationship between IL-
17A and AD from many aspects, such as olfactory impair-

ments, cognitive dysfunction, Af accumulation, Tau hyper-
phosphorylation, BBB leakage, neuronal loss, neurogenesis
and neural differentiation inhibition, synaptic plasticity inju-
ry. Although data from basic studies and clinical trials have
shown that there is a close link between IL-17A and AD,
many questions remain unanswered.

Although accumulating evidence suggests that IL-17A
has the potential to serve as a biomarker for AD, the IL-17A
level detected in AD patients is inconsistent among different
population-based cohort studies. Some results support that
IL-17A level is significantly higher in AD than those of con-
trol [2, 94, 95], but the other reported a reduced IL-17A level
in AD patients [5]. The conflicting results may be due to a
lack of clinical dementia rating as the immune events may
change during the disease course. Therefore, the relation
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Fig. (5). A schematic diagram of IL-17A level changes and action mechanisms at different stages of AD. (A). The IL-17A level in
healthy control and different stages of AD are indicated by the curves, and the red dotted line stands for the IL-17A level in healthy control.
(B). At the early stage of AD, circulating IL-17A and IL-17A-producing cells infiltrate into brain through the disrupted BBB. The brain IL-
17A level increases within a controllable range and lead to moderate activation of glia, which facilitate AP toxic proteins and phosphorylated
tau protein removal and relieve neuronal impairment. The level of ROS/RNS/NO/cytokines release from glia is insufficient to induce neu-
ronal impairment. (C). At the middle stage of AD, the BBB is destroyed seriously, and more IL-17A and IL-17A-producing cells infiltrate
into brain, coupled with the IL-17A from glia and other CNS resident cells, the IL-17A level increased abnormally in AD brain. Subsequent-
ly, the glia is over activated by IL-17A, which leads to failure of glia to phagocytose AP and hyperphosphorylated tau, and high release of
ROS/RNS/NO/cytokines, jointly contribute to neurodegeneration. Additionally, the accumulation of AP and tau would further activate the
glia, which forms a vicious circle. (D). At the late stage of AD, BBB breakdowns and peripheral immune system badly disorders lead to the
impairment of IL-17A-producing cells and reduction of IL-17A secretion, the overall level of IL-17A declines, including brain parenchyma.
The persistent activated glia failed to clear the accumulated A and tau protein, contemporaneously, the toxic protein deposit stimulates the
proliferation of glia and secretion of ROS/RNS/NO/cytokines, which accelerate the neuronal death. (4 higher resolution/colour version of this
figure is available in the electronic copy of the article).

between IL-17A level and AD clinical stages is worthy of
further study.

Based on the previous results, we provide a rational ex-
planation for the controversial issues about the level and role
of IL-17A in AD (Fig. 5). In the early stage of AD, circulat-
ing CD3+CD8—IL-17A+IFNy-Th17 cells are increased [28],
and IL-17A level increases within a controllable range and
leads to moderate activation of glia, which facilitates the
degradation of AP toxic proteins and relieves cognitive im-
pairment. In the middle stage of AD, IL-17A increases ab-
normally in vicious cycles, which accelerates neuronal fail-
ure and speeds the degeneration of AD. IL-17A decreases at

the late stage of AD [96], the persistently activated glia
failed to clear the toxic protein deposit and continuously
released ROS/RNS/NO/cytokines, the neuronal damage ex-
acerbates.

In summary, IL-17A is undoubtedly dysregulated in AD.
We believe that IL-17A level may vary along with the de-
velopment of AD and exert different roles in different stages
of AD, but much more work remains to be done to support
the potential role of IL-17A to AD-related pathology. Un-
covering the definitive relationship between IL-17A and AD
would have the potential to be used in AD early diagnosing
and intervention, such as IL-17A inhibitors.
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