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Introduction

Virus-induced autoimmunity in the brain, an immune-privileged
site, occurs primarily from a breach in thymic selection mechanisms
that constitute peripheral tolerance, culminating in a self-directed, T-
cell-mediated immune response traditionally thought to occur via
molecular or epitope mimicry; immune recognition of novel self-
antigens; bystander activation of autoreactive defensin-specific, T-
lymphocytes (ATLs); and aberrant expression of cytokines in
polyclonically expanded T-cell subsets [1]. Despite robust scientific
evidence calling for an approach regarding the immune components of
virus-related neurodegenerative diseases [2], the relative impact of
defensins, as antiviral and immunomodulatory peptides, remains ill-
defined. A growing body of evidence highlighted crucial, context-
dependent roles of defensins in viral infections [3] and we have
recently proposed several mechanisms by which dysregulation of
defensin expression may trigger neuroinflammatory events in response
to certain bacterial/viral stimuli [4].

Recently, key discoveries describing the presence of a brain-wide
perivascular pathway-designated as the glymphatic system [5]-that
supports, via astroglial intermediaries, cerebrospinal fluid (CSF) re-
circulation and drainage of interstitial solutes. Moreover the existence
of a dedicated dural lymphatic vasculature allows bilateral movement
of immune cells and immunoregulatory molecules between the brain
parenchyma and the periphery [6,7], thereby challenging basic dogmas
of neuroscience. These findings may call for a critical appraisal of basic
concepts in central nervous system (CNS) immune surveillance and
disease.

Herein, we consider recent defensin-related evidence and proposed
novel pathways with a view to further address their involvement in
brain inflammatory cascades that govern virus-induced autoimmune
neuropathology.

Defensin Impact on Blood-Brain Barrier Integrity

Defensins, secreted by activated granulocytes, penetrate the blood-
brain barrier (BBB), gaining access into brain, thereby possibly
contributing to neurodegeneration; host defence peptides induce
recruitment of mast cells involved in the production and release of
inflammatory mediators that, in turn, induce BBB disruption and
neuropathological changes associated with chronic disease conditions
of the CNS involve abnormal expression and regulatory function of
specific antimicrobial peptides (AMPs), including defensins [4]. In line
with perceived vascular contributions to neurodegeneration [8],
impaired expression of defensins by microglia, astrocytes, choroid
plexus and possibly pericytes that create a distinct perivascular space
may impede glymphatic fluid fluxes retaining blood-derived

neurotoxic metabolites and activated T-cells in the brain that impair
BBB integrity and hamper viral clearance; development and
maintenance of the BBB depends on the interaction of cerebral
endothelial cells with pericytes and astrocytes (key components of the
BBB) [9] and alterations of these components result in BBB
dysfunction. In this regard, binding of the endothelial-secreted
platelet-derived growth factor BB (PDGF-BB) to heparin sulfate
proteoglycans (HSPGs) on the BBB basement membrane regulates
pericyte proliferation and recruitment ensuring CNS microvascular
stability [10]. Despite the fact that HSPGs facilitate simultaneous
binding of human B-defensins and viral (HIV) gp120 to epithelial cells
that favors the formation of immunogenic oligomers inside endosomes
thereby reducing virion infectivity [11], cross-competition for shared
receptors may disrupt PDGF-BB/PDGFR-f signalling leading to BBB
vascular mural dysfunction.

Defensin-Related Autoreactivity and Autoimmunity

Blood-brain barrier breakdown results in loss of immune privilege
and the development and/or adoptive transfer of anti-brain antibodies
specifically those directed against non-myelin antigens that are known
to play a significant role in multiple sclerosis-related early events.
Autoimmune regulator (AIRE), a gene expressed in medullary thymic
epithelial cells, is crucial for the induction of central tolerance to
encephalitogenic myelin antigens [12] whereas its absence or
dysfunction results in loss of T-cell negative selection and the
development of polyclonal ATLs [13] that enter circulation and
possibly brain, thereby initiating a dose-dependent CNS inflammatory
response. As a result of further loss of the immunomodulatory effect of
defensins, down-regulation of CD91 and CD91/LRP1 expression
impairs peptide autocrine amplification and receptor-mediated
clearance of amyloid p (Ap) that ultimately favours the formation of
aggregated protein deposits, a hallmark of neurodegenerative diseases
including Alzheimer’s disease, Parkinson’s disease and amyotrophic
lateral sclerosis.

Recent dissection of the humoral repertoire elicited during infection
by mainly enveloped viruses has revealed the presence of
autoreactivity/autoimmune phenomena as a collateral effect of anti-
viral immune response [14]. More specifically, preferential over-
production of broadly neutralizing antibodies such as VH1-69-in HIV
infection binding the membrane proximal external region (MPER) of
gp41 is strongly associated with autoimmune patterns [15]. Defensins
have recently been shown to augment mucosal immunogenicity and
exposure of HIV gp41 MPER, possibly due to its rich hydrophobic
residues, in vaccine preparations thereby enhancing autoreactivity
[16]. VH1-69 germline antibodies are being over presented in HCV-
chronically-infected individuals where they act by inhibiting CD81
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receptor binding to HCV E2 glycoprotein-a crucial step in virus
attachment and entry [17]. Nonetheless, as in the case of HIV
infection, VH1-69-related neutralizing potential is often burdened by
the cross-recognition of host cell membrane antigens driving the
formation of cryoglobulins peculiar for type II mixed cryobulinemia-a
HCV-related clinical syndrome with variable neurologic involvement
[18]. Defensin affinity towards HCV surface glycoprotein epitopes may
create a protective barricade that blocks viral fusion [19], thus
displaying adjuvant properties to neutralizing antibodies, albeit at the
expense of autoimmunity.

Implications of Bacteria-Driven Defensin Expression

Recent focus on symbiotic events between microbiota and viruses
able to establish persistent infections is beginning to unveil highly
complex synergies that modulate the thresholds of ATL activation and
initiate a pro-inflammatory milieu able to induce distal signalling
events in the CNS [20].

In this context, co-stimulated defensin expression by specific T-cell
subsets, epithelial cells and perivascular macrophages provides a
mechanistic mode that may induce differentiation and trafficking of
immature, cytokine-expressing dendritic cells, CD4" and CD8* T-cells
and inhibit apoptotic deletion that further fuels mucosal and systemic
inflammation and contributes to the breakdown of self-tolerance.
Contrastively, human p-defensin-3, induces in vitro regulatory T-cell-
specific markers in CD4 (+) CD25 (-) T-cells, shifting those into a
regulatory phenotype with suppressive features [21].

A Potential Impact of Defensins in HCV-Induced
Autoimmunity in the CNS

Only a few evidence supports the hypothesis that neuropathological
changes associated with chronic disease conditions of the CNS involve
abnormal expression and regulatory function of specific AMPs
including defensins. It is proposed that alterations of AMPs exacerbate
proinflammatory conditions within the brain that ultimately potentiate
the neurodegenerative process; for instance, the proposal that AMPs
function within the brain is supported by the cytokine-induced
expression of AMPs by human astrocytes and microglial. On the other
hand, some research studies indicated that HCV RNA has been
associated with CNS tissue, and reports of viral sequence diversity
between brain and liver tissue suggest independent viral evolution in
the CNS and liver. For instance, analysis of human HCV seropositive
cases demonstrated widespread damage to neuronal dendritic
processes and sustained activation of extracellular signal-related kinase
(ERK); HCV core protein neurotoxicity may be mediated by the
sustained activation of ERK/ Signal Transducer and Activator of
Transcription 3-dependent manner dependent on toll-like receptor 2
signaling pathway, thereby providing novel targets for development of
neuroprotective treatments for HCV involvement of the CNS [22].
Moreover, HCV NS3 protein was capable of activating microglia and
the inflammatory response could be controlled by blocking the
transcription nuclear factor-kB, or by treating the microglia with TLR
ligands which likely function via secreting anti-inflammatory
cytokines such as interleukin-10, thereby having therapeutic potential
in controlling HCV mediated neuroinflammation [23].

Viewing such aforementioned data we proposed that inappropriate
expression of defensins may be involved in HCV-induced
autoimmunity in the CNS. Establishing in vivo evidence for the
presence of aforementioned pathways represents a challenging issue

with substantial repercussions in current virus-induced autoimmunity
therapeutic targets.
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