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The functions of the complement system to both innate and adaptive immunity through opsonization, cell lysis, and
inflammatory activities are well known. In contrast, the role of complement in the central nervous system (CNS)
which extends beyond immunity, is only beginning to be recognized as important to neurodevelopment and
neurodegeneration. In addition to protecting the brain against invasive pathogens, appropriate activation of the

complement system is pivotal to the maintenance of normal brain function.

complement astrocytes microglia neurons neurodevelopment neurodegeneration

neuroinflammation

| 1. Introduction

The complement system is foundational to the innate immune response in defending the body against invading
pathogens by phagocytosis or by the activation of the adaptive immune system. In the CNS, however, the
complement system protects the brain from not only pathogens but other potentially harmful stimuli such as
aberrant proteins and cellular debris . Findings from studies presented will show that complement components
are produced by both neurons and glial cells. This local production of complement factors may be a developmental
advantage as it enables a more rapid response than reliance on peripheral production and diffusion through the
blood—brain barrier (BBB). Under normal circumstances, the activation of the complement system in the CNS
consists of over 30 complement factors under tight regulation &, However, when this well-tuned regulatory
machinery malfunctions, aberrant complement factors can exacerbate neurological symptoms of brain conditions
and accelerate the development of aging-related or neurodegenerative diseases B4, Emerging evidence
suggests that higher levels of complement factors are present in developing and degenerating brains and perform
novel functions in neurodevelopment and contribute to the pathophysiology of neurodegenerative diseases [BI6I7]
8 Therefore, an understanding of endogenous complement production and regulation in the brain can provide

insights into aberrant neurodevelopment and the genesis of neurodegeneration (Table 1).

Table 1. Complement expression in the CNS and their role in neurodevelopment and neurodegeneration.
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Complement
Component

Clq

C3

ca

C5

MAC, C5-

C9

CR3

CR4

C3aR

Location

neuron [2IL0]
[11]

microglia 2

astrocyte 22
[23][24][25]

microglia 2

neuron 19
[11][26]

neuron 19
[11][23][24]

astrocyte &
[50]

neuron 19
[L1][26]

astrocyte B9

neuron 19
[11][26]
microglia &
[24]
microglia &
[24]
microglia 8
[24]
neuron [63]

Role(s) in Normal
Neurodevelopment

Synpatic pruning 212

Progenitor proliferation (27,
neuronal migration [28],
Synaptic pruning &

Progenitor proliferation (51
neuronal migration 22

Synaptic pruning [61][62]

Progenitor proliferation [Z2],
neuronal migration 2

Pathophysiological Involvement in
Neurodevelopmental and
Neurodegenerative Diseases

AD: mediates glial activation and promote
synapse loss [131[14]

ASD U181, ms L8ILAIL8] A § [19]20] Hp [21]
ASD: mediates microglia synaptic pruning 29120

AD: mediates microglial synaptic engulfment,

direct neuronal toxicity, and AB clearance [2122]
[33][34][35][36][37]

MS: activates the alternative pathway, mediate
microglia and synaptic engulfment L8I17I[18][38](39]
[40]

ALS [L920141] pp [42][43] Hp [21](44]

PNDs: related to increase microglial activation,
neuronal loss, and BBB disruption 42!

Schizophrenia: each C4 allele increases the risk
(46][47]

ALS 181491 Hp [21]
AD: mediates pro-inflammatory responses [22I24]
55]
ALS: mediates pro-inflammatory responses 58!
[57][58][59]

ASD 29

MS 69 AL s 49

AD: mediates microglial synaptic engulfment 2
[37](63]

PD: mediate microglial activation 4

AD:mediate microglial synaptic engulfment [221(68]
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Pathophysiological Involvement in

Complement Role(s) in Normal

Location Neurodevelopmental and
e — MEIG T T Neurodegenerative Diseases
[66]

asotrycte €7

AD: mediates pro-inflammatory response 221[24]

microglia &
[24](69]
C5aR neuron 63 Progenitor proliferation B, ALS: recruits immune cells including peripheral
[70] neuronal migration (52 cell infiltration BeIEABEI59]

astrocyte 2 . .
y MS: mediates pro-inflammatory response [€2[Z2]

AD: anti-C3 inhibition and promotes AB plague
formation 3

Crry - -
MS: anti-C3 inhibition and prevents
synapse loss 8
astrocyte 24 —
C1INH neuror): 21124] Neuronal migration 52 MS [1€]
MASP1, 2 - Neuronal migration 28] -
astrocyte 24
Factor H microglia Z4l - AD (6]
[75]
[22]
Factor B astro[% © - ALS [
Factor | asotrycte & 5 .
C4BP astrocyte (8] - -

astrocyte &
CD55 [66] - ALS [77]
neuron (21[24]

asotrycte &
CD59 (66l - ALS [77]

[2][24]
neuron IS

system during development and disease. Semin. Immunol. 2019, 45, 101340.

2. Veerhuis, R.; Nielsen, H.M.; Tenner, A.J. Complement in the brain. Mol. Immunol. 2011, 48, 1592—

1603.
MAC: membrane attack complex; AD: Alzheimer’s disease; ALS: amyotrophic lateral sclerosis; MS: multiple
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2021, 16, 277-298.

rza@'@MMImté(ﬁf emwgpﬂrﬂqfdtrpathaygsystem in traumatic brain

injury: Areview. J. Neuroinflamm. 2018, 15, 24.
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