Review

Chronic peripheral inflammation: a possible contributor
to neurodegenerative diseases

https://doi.org/10.4103/1673-5374.306060

Date of submission: June 17, 2020

Date of decision: September 8, 2020

Date of acceptance: November 6, 2020

Date of web publication: January 25, 2021

Patrick Siip*, Addison J. Lana’, Johannes C. M. Schlachetzki®"

Abstract

The contribution of chronic peripheral inflammation to the pathogenesis of
neurodegenerative diseases is an outstanding question. Sustained activation of the
peripheral innate and adaptive immune systems occurs in the context of a broad array of
disorders ranging from chronic infectious diseases to autoimmune and metabolic diseases.
In addition, progressive systemic inflammation is increasingly recognized during aging.
Peripheral immune cells could potentially modulate the cellular brain environment via the
secretion of soluble molecules. There is an ongoing debate whether peripheral immune
cells have the potential to migrate into the brain under certain permissive circumstances.
In this perspective, we discuss the possible contribution of chronic peripheral inflammation
to the pathogenesis of age-related neurodegenerative diseases with a focus on microglia,

the resident immune cells of the brain parenchyma.
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Introduction

Microglia, the resident innate immune cells of the brain, are
involved in the pathogenesis of neurodegenerative diseases
like Alzheimer’s disease (AD) and Parkinson’s disease (PD), but
the contribution of systemic inflammation to disease risk and
progression of these diseases is ambiguous.

The innate immune system is shaped and modulated by the
interplay between an individual’s genetic background and
environmental factors. Genetic variants linked to AD and PD
have been shown to influence gene regulation in monocytes,
the peripheral blood mononuclear cells of the innate immune
system (Raj et al., 2014). Conditions such as diabetes,
hypertension and infectious disease potentially cause a
sustained, low-level inflammatory activation state. Aging,
the number one risk factor for neurodegenerative diseases,
has been shown to alter the state of the innate immune
system. These changes include alterations in the molecular
signature of monocytes and a reduction in monocytes’ ability
to phagocytose and respond properly to inflammatory stimuli
(Hearps et al., 2012; Bliederhaeuser et al., 2016).

Search Strategy and Selection Criteria

We searched PubMed to find articles on peripheral
inflammation and neurodegeneration that were published
between 2000 and 2020.

Crosstalk between Chronic Peripheral

Inflammation and Microglia

Little is known about how chronic peripheral inflammation
influences the microglia cell compartment. At steady-state,

microglia perform functions including immune surveillance
and phagocytosis. Interestingly, microglia express numerous
genes implicated in AD (Gosselin et al., 2017). It is thought
that microglia may be involved in mediating the activation
of astrocytes, neuronal dysfunction, aberrant removal of
synapses, and eventually cell death via increased production
of cytokines, chemokines and reactive oxygen species when
responding to pathophysiological conditions (Figure 1; Salter
and Stevens, 2017). The precise mechanisms that reprogram
microglia into a dysregulated state are unclear. While studies
aiming at deciphering the pathogenesis of AD and PD have
been primarily conducted in a very brain centric lens, recent
findings suggest an involvement of the peripheral immune
system in neurodegenerative diseases (Figure 2).

Microglia show an immediate yet transient change in
gene expression and secreted factors after peripheral
administration of the bacterial endotoxin lipopolysaccharide
and polyinosinic:polycytidyclic (Poly 1:C), a synthetic stimulator
of viral infections. Lipopolysaccharide and Poly I:C both have
been shown to exacerbate neuropathology in mouse models
of neurodegenerative diseases like AD and PD (Kitazawa et
al., 2005; Krstic et al., 2012). Severe sepsis in humans possibly
increases the risk for profound and sustained cognitive
impairment (Iwashyna et al., 2010). Likewise, acute infections
such as urinary tract infections often lead to the worsening
of motor symptoms in patients with PD (Zheng et al., 2012).
Microglia maintain long-lasting epigenetic modifications and
a conditioned responsiveness to immune stimuli in mice
(Wendeln et al., 2018). The effect of acute inflammatory
stimuli on long-lasting risk for neurodegenerative disorders
has been indicated in humans. For example, individuals who

'Department of Molecular Neurology, Friedrich-Alexander-University Erlangen-Niirnberg, University Hospital Erlangen, Erlangen, Germany; “Department of
Cellular and Molecular Medicine, University of California San Diego, La Jolla, CA, USA
*Correspondence to: Johannes C. M. Schlachetzki, MD, jschlachetzki@health.ucsd.edu.

https://orcid.org/0000-0002-7801-9743 (Johannes C. M. Schlachetzki)

How to cite this article: SiS P, Lana AJ, Schlachetzki JCM (2021) Chronic peripheral inflammation: a possible contributor to neurodegenerative diseases. Neural

Regen Res 16(9):1711-1714.

NEURAL REGENERATION RESEARCH | Vol 16 | No. 9 | September 2021 | 1711



Review

survive an episode of sepsis during their midlife are at an
increased risk of accelerated cognitive decline later in life
(Walker et al., 2019). There are conflicting data, however,
whether in these contexts peripheral immune cells are
able to migrate and integrate into the brain parenchyma
in neurodegenerative diseases and modulate disease
progression or even onset. Under homeostatic conditions, it
seems unlikely that peripheral immune cells enter the brain
(Ajami et al., 2007; Mildner et al., 2007). Whether circulating
monocytes can significantly infiltrate the brain and can be
used as potential vehicles for treatment of neurodegenerative
diseases is an exciting, but controversial line of research
(Koronyo-Hamaoui et al., 2020; Reed-Geaghan et al., 2020).
Recent findings suggest that T cells, although at low numbers,
are present in the brain of patients with AD or PD and may
participate in and modulate disease pathogenesis (Sommer
et al.,, 2019; Gate et al., 2020). Other studies suggest that
also accumulation of neutrophils and platelets occurs in the
vicinity of plaques (Gowert et al., 2014; Zenaro et al., 2015).

Contribution of Chronic Peripheral Inflammation

to Aging and Neurodegenerative Diseases

There are presently limited data studying the effect of chronic
peripheral inflammation on the brain and its contribution to
aging and neurodegenerative disease. Causes for persistent
peripheral inflammation include conditions such as diabetes,
hypertension, and hyperlipidemia. Other chronic inflammatory

Figure 1 | Microglia response to chronic
peripheral inflammation may alter the state of
neighboring cells.

Cells of the innate and adaptive immune system
(e.g., monocytes, dendritic cells, T and B cells) may
directly migrate into the central nervous system and
inflammatory mediators like cytokines (e.g., tumor
necrosis factor alpha (TNFa), interleukin-18, and
interleukin-6) may also indirectly activate endothelial
cells or perivascular macrophages. Changes in the
environment are sensed by microglia. Microglia may
secrete cytokines or reactive oxygen species (ROS)
or reactive nitrogen species (RNS), which affect
nearby astrocytes, oligodendrocytes, endothelial
cells of blood vessels, and neurons. These events
can lead to impaired phagocytosis of protein
aggregates like amyloid plaques and eventually to
neuronal dysfunction, synaptic degeneration, and
neuronal loss. Figure 1 was created using BioRender
(https://biorender.com).

Figure 2 | Chronic peripheral inflammation and
its possible contribution to neurodegenerative and
neuropsychiatric diseases.

Chronic peripheral inflammation may be caused by
infectious, autoimmune, and metabolic diseases
among many others. Inflammatory mediators may
reach the central nervous system (CNS) via the
blood-brain barrier, choroid plexus, leptomeninges
or vagus nerve. This in turn may cause a response
by microglia and thereby contributes to the
pathogenesis of Alzheimer’s disease or Parkinson’s
disease. Figure 2 was created using BioRender
(https://biorender.com).

conditions are autoimmune disorders such as inflammatory
bowel disease (IBD) and rheumatoid arthritis. For example,
midlife diabetes and hypertension have been associated
with a higher prevalence of AD (Barnes and Yaffe, 2011) and
individuals with IBD show an increased risk to develop PD
(Peter et al., 2018). Individuals with rheumatoid arthritis
appear to be at an increased risk to develop AD, however, the
risk seems to be reduced when patients are treated with a
tumor necrosis factor a (TNFa) inhibitor (Chou et al., 2016).

These findings prompted us to ask whether chronic peripheral
inflammation alters the immune compartment of the brain.
If so, does chronic peripheral inflammation cause microglia
heterogeneity and altered gene expression profiles? To
address these questions, we used a rodent model (Tg197),
which overexpresses human TNFa in the periphery. Human
TNFa is not expressed in the brain and cannot enter the brain
via the intact rodent blood-brain barrier. We observed that
increased chronic peripheral immune activation resulted in
an expansion of microglia cells within distinct anatomical
brain regions (SUB et al., 2020). We identified a microglia
subpopulation showing a gene expression profile enriched
for genes involved in cytokine production, complement,
lysosomal function, adenosine triphosphate metabolic
process, and response to interferon gamma. Specifically,
genes involved in complement (C3 and Clpc) and cytokines/
chemokines like Cxcl13, Cxcl16, Ccl2, and Ccl12 were
upregulated, whereas homeostatic markers like Fcrls, P2ry12
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and Cx3crl were decreased. Furthermore, gene expression
of Tyrobp, Ctsb, Fth1, Axl, Apoe, Itgax, Nfkbia, Cd9, and Cd63
were increased. This inflammatory microglia population thus
shows modulated phago-lysosomal activity and oxidative
phosphorylation, resembling a recently identified microglia
population in the context of aging and neurodegeneration
(Keren-Shaul et al., 2017). However, to what extent these
inflammatory phenotypes shown by microglia translate
into human microglia in these disease contexts is unclear.
First data derived from human postmortem brain tissue and
chimeric microglia indicate that human microglia response to
neurodegenerative diseases like AD differ substantially from
murine microglia (Hasselmann et al., 2019; Srinivasan et al.,
2020).

The microglial transcriptomic fingerprints associated with
peripheral inflammation are present in distinct brain regions,
primarily in the cortex, striatum, and thalamus. In contrast, we
did not observe an inflammatory microglia phenotype within
the cerebellum and hippocampus. This finding corroborates
our earlier findings with this mouse model, which showed
that chronic peripheral inflammation does not lead to
depressive behavior and does not affect either inflammation
or neurogenesis in the hippocampus (SUp et al., 2015). The
causes and mechanisms behind this differential brain region
response to chronic peripheral inflammation are unclear.
Perhaps different external cues and differences in ontology
and homeostatic microglia phenotype may result in the
observed altered reactivity. In addition, other factors such
as the composition of the blood-brain barrier, vasculature,
meninges or choroid plexus may direct signals selectively
to certain brain regions (Figure 2). Furthermore, soluble
molecules like cytokines such as interleukins (e.g., interleukin-
17a) and interferons as well as peripherally derived molecules
(e.g., enzymes like GPLD1 derived from the liver) have the
potential to modulate region-specific immune cell activation
in the brain (Alves de Lima et al., 2020; Horowitz et al., 2020).

To see whether patients with known chronic peripheral
inflammation showed brain region specific alterations in
the microglia compartment, we analyzed postmortem brain
tissue samples from individuals with rheumatoid arthritis.
To study microglia in the brain tissue, we stained the frontal
cortex and the cerebellum for the microglial markers IBA-1
and P2RY12. Through these studies, we observed an altered
microglia phenotype in the frontal cortex but not in the
cerebellum, which indicates the presence of a differential
microglial response within the human brain to chronic
peripheral inflammation. Further work will need to be done in
order to identify changes in gene and protein expression and
to see whether this finding extends to other diseases with a
component of chronic peripheral inflammation.

To examine whether microglial inflammation induced by
chronic peripheral inflammation is reversible, we administered
Infliximab, an antibody directed against human TNFa in
the periphery of Tg197 mice. We observed a loss of the
inflammatory microglia transcriptional signature, indicating
that the microglia phenotype can be restored by inhibiting
TNFa in the periphery. Interestingly, a positive association
between serum levels of TNFa and accelerated cognitive
decline has been reported in patients with AD (Holmes et
al., 2009). This has led also to the exploration of TNFa as a
possible target for AD. In mouse models showing increased
deposition of amyloid plaques, reduction of TNFa levels
led to improved cognition accompanied by a reduction in

neuroinflammation and amyloid deposition (MacPherson et
al.,, 2017; Paouri et al,, 2017). In individuals with IBD, TNFa
targeted treatment appears to lower the incidence of PD (Peter
et al.,, 2018).

Prior studies have suggested that chronic intake of non-
steroidal inflammatory drugs may be beneficial for the
prevention of neurodegenerative diseases, but there is
presently no conclusive data supporting this notion. It is
plausible that an efficient treatment of neurodegenerative
diseases may require a combinatorial treatment strategy
aiming at multiple mechanisms, including the clearance of
accumulated toxic substrates, inhibition of inflammation and
oxidative stress, and improvement of neuronal homeostasis.
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