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a b s t r a c t

Neurodegenerative diseases share common features, including catastrophic neuronal loss

that leads to cognitive or motor dysfunction. Neuronal injury occurs in an inflammatory

milieu that is populated by resident and sometimes, infiltrating, immune cells � all of

which participate in a complex interplay between secreted inflammatory modulators and

activated immune cell surface receptors. The importance of these immunomodulators is

highlighted by the number of immune factors that have been associated with increased

risk of neurodegeneration in recent genome-wide association studies. One of the more

difficult tasks for designing therapeutic strategies for immune modulation against

neurodegenerative diseases is teasing apart beneficial from harmful signals. In this regard,

learning more about the immune components of these diseases has yielded common

themes. These unifying concepts should eventually enable immune-based therapeutics for
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treatment of Alzheimer's and Parkinson's diseases and amyotrophic lateral sclerosis.

Targeted immune modulation should be possible to temper maladaptive factors, enabling

beneficial immune responses in the context of neurodegenerative diseases.

This article is part of a Special Issue entitled SI: Neuroimmunology in Health And Disease.

& 2014 Elsevier B.V. All rights reserved.
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1. Introduction

1.1. The immune system in neurodegenerative disorders

Neurodegenerative disorders are associated with age-dependent
deposition of aggregated and misfolded proteins, cognitive dis-
turbance, locomotive dysfunction, and neuronal loss (Forman
et al., 2004). Importantly, evolution of these diseases occurs
against a dysregulated neuroinflammatory backdrop (Glass
et al., 2010). It has become clear in genetically modified animal
models and from longitudinal patient studies that neuroinflam-
mation and immune activation in the CNS develop early in the
course of disease, likely prior to large-scale neuronal loss.
Activated microglia, the CNS-resident macrophage population,
are present in nearly all neurodegenerative disorders (Long-
Smith et al., 2009; Prokop et al., 2013; Sargsyan et al., 2005).
In addition to microglia, activated astrocytes and peripheral
monocytes or lymphocytes can be detected in the diseased
CNS under certain conditions. Studies linking immune activa-
tion to poor prognosis in patients are raising a major question:
are all neuroinflammatory pathways detrimental to CNS
health?

A broad view would argue that inflammation in the CNS
creates a neurotoxic environment, and must be sanctioned in
order to prevent disease and to support recovery. In contrast
to this ‘inflammation is strictly damaging’ view of neurode-
generation, several studies in animal models have revealed
that inhibition of anti-inflammatory factors or expression of
pro-inflammatory molecules can improve disease-relevant
outcomes. This dichotomy supports the notion that broad-
based manipulation of the immune system should likely be
switched in favor of targeted immunomodulation of key
effectors. This review will focus on current models of
immune modulators, cytokines, chemokines, and receptors
that are thought to drive immune responses within the CNS.
It is becoming clear that all neurodegenerative diseases have
a dominant inflammatory phenotype, and we will pay parti-
cular attention to advances in understanding immune-based
mechanisms of Alzheimer's disease (AD), amyotrophic lateral
sclerosis (ALS), and Parkinson's disease (PD). It is particularly
striking that recent mechanistic studies into these debilitat-
ing diseases have provided common nodes of innate immune
cell dysfunction, yielding important insight into immune
modulation therapeutic strategies.
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