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1. Introduction

The mammalian CNS relies upon the ancient, innate immune system, to provide defence
against attack by pathogens (virus, bacteria, fungi and parasites) and the clearance of both
neurotoxic proteins and apoptotic cells. The main function(s) of the CNS innate immune
system can be summarised as the detection of “non self”(pathogens) and “ altered self “
(neurotoxic proteins and apoptotic cells), with their subsequent clearance, designed to
facilitate tissue repair and rapid return to normal function. The failure to express an
effective protective response to detect and remove a pathogen (non -self) prolongs the
innate immune response and this is associated with autoimmunity, chronic inflammatory
diseases (Multiple sclerosis) and neuro degeneration (Alzheimer’s and Prion disease)
(Hauwel et al., 2005 Griffiths et al., 2009). The failure to detect and clear apoptotic cells
results in their accumulation and subsequent release of neurotoxic proteins and enzymes,
contributing to excessive tissue damage (Griffiths et al., 2009).

2. The blood brain barrier and immuno privilege

Insects, have a brain lymph barrier, whereas, the vertebrate blood brain barrier (BBB)
evolved 50-100 million years before the appearance of the adaptive immune system (Abbot
1995; Lowenstein 2002). For this reason, the CNS immune response against pathogens relies
upon the ancient and highly conserved innate immune system that first appeared in limited
form in the Agnatha, 500 million years ago and almost 100 million years before the
emergence of the systemic adaptive immune system in bony fish. (Lowenstein 2002). The
vertebrate type BBB, was therefore present, long before the adaptive immune system and
this barrier provide some immunoregulatory control of the CNS response to pathogens
(Abbot 1995; Lowenstein 2002).

Other protective physical barriers, are the choroid plexus between the systemic circulation
and ventricular CSF (cerebro spinal fluid) and the specialized, ciliated ependymal (glia)
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layer, that lines ventricles containing the CSF(Martino et al., 2001). Both these epithelial
layers express highly conserved receptors that are able to detect pathogens in the CSF and
regulate intra CSF inflammation (McMenamin., 1999; Laflamme and Rivest 2001; Canova et
al., 2006; Rivest 2009).

The presence of a BBB composed of endothelial cells linked by tight junctions and
surrounded by astrocyte foot processes (Pachter et al., 2003) contributed to the development
of homeostatic systems to preserve CNS electrolyte and hydrostatic pressure gradients
(Abott 1995). To some extent, this also prevented infiltration into the brain by systemic cells
(Iymphocytes, myeloid related cells) of the more recent adaptive immune system and
provided some evidence of immuno regulatory function. Once the vertebrate BBB had
developed, the brain relied upon the resident glia and neurons (also perivascular cells and
choroid plexus) to deliver the CNS immune response against pathogen invasion
(Lowenstein 2002).

To reflect this function, the resident glial cells have been termed” amateur ”“innate immune
cells, in contrast with the” professional” innate immune system cells such as macrophages,
dendritic cells and natural killer cells (Hauwel et al., 2005).

3. The CNS innate immune response involves detection of “ non self”’ and
clearance of dangerous pathogens, neurotoxic proteins and apoptotic cells

The cells responsible for delivering the CNS innate immune response are microglia,
astrocytes, endothelial cells, ependymal cells and to a lesser extent neurons (Rivest 2009). Of
great importance, is the capacity of these cells to discriminate between” non -self”defined
by pathogens and “altered self “ (apoptotic cells and dangerous proteins)from “self “ (host
cells) (Takeuchi et al., 2010; Elward and Gasque 2003). This discrimination relies upon the
expression by microglia and the other glia of ancient, highly conserved, pattern recognition
receptors PRR (TLR, RLR, NRL) that are localized upon the cell membrane, within
endosomes and also released in soluble form (Jane way 1992; Kawai and Akira 2010).

PRR, are able to detect unique, pathogen associated molecular patterns or PAMPs as
represented by bacterial cell wall constituents, such as lipopolysaccharide (LPS). (Medzithov
and Janeway 200). This property of the PRR is important for the danger theory as proposed
by Matzinger; that while the immune system distinguishes between “self “and “non -selt”,
it also must discriminate dangerous from non -dangerous signals (Matzinger 1994).
Endogenous molecules such as S-100 proteins (Foell et al., 2007) and high mobility box
group I (HMBGT1) (Bianchi 2007; Castiglioni et al., 2011) are released during non -apoptotic
cell injury and initiate host tissue inflammation: they are regarded as either “alarmins” or
”danger signals “and are identified by the PRR of the innate immune system, because they
express, damage associated molecular patterns or DAMPs (Klune et al., 2008; Biannchi
2007).

Apoptotic cells express a range of “altered self “molecules on their surface, so called apoptotic
cell associated molecular patterns or ACAMPs (Elward and Gasque 2003; Gregory and Devitt
2004; Griffiths et al., 2009). The detection of “ altered self” by PRR as defined by DAMPS and
ACAMPs, results in the activation of signalling pathways composed of intra cellular adaptor
proteins regulating the expression of pro inflammatory cytokines such as the interferons
(INFo/B ), interleukins (IL) and tumour necrosis factor (TNFa) (Griffiths et al 2009).
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Scavenger receptors (SR), Mannose macrophage receptor (MMR), CD14, CD36, CD91(a2
macroglobulin or LRP low density lipoprotein receptor) and phosphatidylserine recepotor
(PRS) are present on the host cell membrane or intracellular endosomes. These receptors are
multifunctional because they detect PAMPS, ACAMPs and DAMPs to initiate engulfment
and phagocytosis of pathogens or apoptotic cells (Stahl and Ezekowitz., 1998. Fadok et al.,
2000 and b, Hanayama et al., 2002; Gregory and Devitt 2004; Mukhopadhyay et al., 2004.)

The resident cells of the CNS express two of the three complement pathways(CP) the
classical and alternative, but not the lectin activated pathway (Gasque P et al., 2000; Morgan
and Gasque 1996). The first complement component, Clq, functions as a PRR, a property
shared with a wide range of other C lectins including, mannan binding protein (MBL) and
the pentraxins; all these molecules are able to function as both opsonins and PRR capable of
detecting PAMPS and ACAMPs. (Tenner AJ 1999; Lu et al., 2002; Thielens et al 2002; Ogden
et al., 2005).

After binding to either an apoptotic cell (by detecting ACAMPS) or bacteria (through
PAMPS), the opsonins provide a signal on a phagocytic cell that enhances phagcoytosis,
either through activation of the complement C pathway or facilitating binding to a PRR such
as the B2 integrin, CR3/CR4, receptors (Ehlers et al., 2000; Gasque et al 2000; Gasque 2004).
Phagocytosis of opsonized pathogens, neurotoxic proteins and apoptotic cells by microglia
and macrophages will promote a reduction in local inflammation (non -phlogistic response)
stimulating the recruitment of stem cells from a distance niche and assisting tissue repair
(Griffiths et al., 2009).

4. Regulatory pathways prevent an uncontrolled innate immune response;
the Neuro immuno-regulatory molecules (NIRegs)

The uncontrolled activation of the innate immune response results in the production of
neurotoxic factors and unregulated inflammatory cytokine release. These two factors
contribute to any indiscriminate bystander damage and the amplification of underlying
disease state. For this reason, the innate immune response must be regulated in order to
prevent bystander neuron loss and an uncontrolled inflammatory response. There is now
evidence of a group of neuro immuno regulatory (NIRegs) molecules, that by analogy are
similar to T reg lymphocytes (Griffiths al., 2007; Hoarau et al., 2011). These T cells are
responsible for regulating /controlling the innate immune response and for shaping the
resident cells towards a protective phenotype. Several NIRegs, CD47 and CD 200, are
capable of acting as “don’t eat me “signals allowing host cells to evade detection and
phagocytosis by microglia and macrophages (Elward and Gasque 2003; Barclay et al.,
2002; Brown and Frazier., 2001; Hoek et al., 2000). The Siglecs, a family of lectins, also
detect cells expressing “don’t eat me” signals in the form of sialic acid containing
molecules (Crocker and Varki 2005). Pathogens do not generally express sialic acid
residues and the absence of sialic acids provides a “ non -self “ signal, sometimes referred
to as an “eat me signal “and this is detected by lectins, including Siglecs, and complement
proteins.

The CP is also strictly regulated by a series of complement regulatory proteins CRP (FH,
CD55, CD46) preventing inappropriate activation and host destruction (Elward et al., 2005;
Griffiths et al., 2009; Zipfel et al., 2009). Furthermore, components of the CP including C3a,
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are also capable of recruiting stem cells into areas of tissue damage and increasing growth
factor expression, both facilitating tissue repair (Griffiths et al., 2010).

5. Toll like receptors (TLRs) are PRR with multiple roles in infection including
pathogen detection and inflammatory response

The TLR are an ancient, highly conserved family of PRR, which belong to the type-1 trans
membrane receptors. They are characterized by a cytosolic C-terminal signalling domain -
Toll/interleukin -1receptor (TIR) required for intracellular signal transduction and terminal
LRR(leucine rich repeats) domain that mediates the recognition of PAMPs (Kawai and Akira
2010). This family of PRR are vital for the detection of PAMPs, including cell wall
lipoproteins and nucleic acids, derived from bacteria, viruses, parasites and fungi (Iwaski
and Medhitov 2010).

TLR 4, or heterodimers TLR2-TLR1, TLR2-TLR6 and TLR5 (but notTLR3) binds to a ligand
such as a PAMP or DAMP, the complex is internailized within the endosome and this
triggers intracellular transduction pathways by recruiting the TIR interaction domain that
forms multimers with, a number of adaptor proteins such as myeloid differentiation
primary response protein, My D88, My D88 adaptor like (Mal, also TIR domain containing
adaptor protein, TIRAP), TIR domain containing adaptor inducing IFN-y(TRIF) and TRIF -
related adaptor molecule TRAM. Activation of TLR by PAMPS recruits one of the above
adaptor molecules and activates the My D 88 dependent pathway with NF- kB activation.
An alternative signalling pathway following TLR binding to a ligand involves the activation
of the TRIF -dependent pathway, with the induction of the type I interferon (anti -virus)
response, with the expression of IFNP and inflammatory cytokines (Netea et al., 2004
Creagh and O Neill 2006).

Mice deficient in the individual TRL negative regulatory proteins, such as zinc finger
proteins, autophagy related molecules and ubiquitin are unable to regulate the
inflammatory response subsequent to TLR ligand binding. This uncontrolled inflammatory
response results in multi organ inflammation such as, chronic inflammatory bowel disease
and auto immune arthritis. Conversly, MyD 88 deficiency reduces inflammation (Kwai and
Akira 2010 for detailed discussion).

A detailed review of the intra cellular signalling pathways linked to TLR activation by viral
nucleic acids, bacterial lipo proteins and other ligands, with subsequent inflammatory
cytokine synthesis is outside the scope of this review, but see Takeuchi and Akira 2007;
Iwaski and Medhitov 2010; Kawai and Akira 2010)

5.1 TLR act in combination with other PRRs and not always alone

Interestingly, TLR2, forms hetero dimers with TLR-1 and this combination is able to detect
Gram negative bacteria, whereas the heterodimer TLR-2-TLR-6 combination recognizes
Gram positive organisms. Further cooperation between TLR -4 and the SR co -receptors,
CD14 and CD36, together with the C lectin receptor, dendritic cell -specific intercellular
molecule -3 grabbing non -integrin (DC -SIGN), detects glucuronoxylmannans found on the
cell wall of fungi (Kumar et al 2010).
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5.2 TLR distribution in the CNS

Ten functional TLRs have been identified in humans, of these, nine are conserved in both
humans and mice. In the human and mouse CNS, TLR 3,, TLR 7 and TLR 8 are located on
the cell surface of neurons (Bisibi et al., 2002; Prehaud et al., 2005; Jackson et al., 2006),
microglia (Alexopoulou et al., 2001; Olson et al., 2004; Jack 2005), astrocytes (Bsibi et al.,
2001; Bisibi et al 2006 Farina et al., 2005; Rivieccio et al., 2006; Carpentier et al., 2007)
ependyma and oligodendrocytes (Bsibi 2002). TLR 7 and 8 on microglia (Olson et al., 2004),
astrocytes (Buchiet al., 2008) neurons (Ma et al., 2006), TLR 9 on microglia (Mc Kimme et al.,
2006). Cells of the meninges, choroid plexus and circum ventricular organs are all exposed
to the systemic circulation and express TLR 2 and TLR 4 (Lafalamme and Rivest 2001;
Bowman et al., 2003; Laflamme et al., 2003;) see tablel

TLR, 3 TLR7, TLR8 and TLR 9 are distributed within intracellular organelles, endoplasmic
reticulum, lysosomes and endolysosomes so they are strategically placed to detect intra
cytoplasmic viral nucleic acids, both RNA and DNA (Griffin 2003; Kumar et al., 2011).
Conversly, TLR2, TLR5 and TLR 6, are present on the cell surface and detect various
bacterial components (Kumar et al., 2011; Iwasaki and Medzhitov 2010)

TLRs11-13 have been described in neurons, astrocytes, ependymal and endothelial
cells(Mishra er al., 2008). see table 1

5.3 TLRs; Innate immune response to bacterial infection

TLRs are expressed by glial and choroid plexus cells following bacterial infection (Bowman
et al., 2003 Carpentier et al., 2008). TLR- 4 forms a complex with MD2 on the host cell surface
and they provide the main Lipopolysaccharide (LPS), binding site. Further interaction
between LPS binding protein with CD14, a glycophosphatidylinositol protein (GPI) with
leucine repeat protein, delivers LPS to the TLR4-MD2 complex, this is internalized into
endosomes and through the My88 protein intracellular signalling pathway eventually
results in cytokine expression. TLR4 also detects virus envelope proteins and Streptococcus
pneumoniae pneumolysin (Kwai and Akira 2010. Akira and Uematas., 2006).

TLR2, is able to detect a wide range of bacterial wall PAMPS, including peptidoglycan,
Mycobacteria (lipoarabinomannan mycobcateria), fungal (zymosan), haemagluttin on
influenza virus, together with mucin molecules from Trypanosoma cruzei. The glucans are a
main constituent of the fungal cell wall and in association with dectins -1(a C type -
lectin)are detected by the TLR2 receptor and internalized to produce a protective
inflammatory response (Netea et al., 2004). TLR2 is not able to detect viral nucleic acids.

TLR5 and TLRY detect a different range of bacterial constituents; TLR5 recognizes the
flagellin protein expressed by flagellated bacteria, whereas TLR9, detects bacterial and viral
DNA, especially CpG DNA motifs, that are rarely found in mammalian cells (Kawai and
Akira 2010). (see table 1). TRL 11, recognizes bacteria found in the genitourinary tract as
well as a profilin, a molecule expressed by Toxoplasmosis gondii (Yarovinsky et al., 2005), and
also neurocysticercosis (Mishra er al 2008).

5.4 TLR; virus detection and the anti virus response

TLR3 detects double stranded (ds) RNA formed during replication of RNAand DNA viruses
(Alexopoulou et al., 2001; Wang T et al., 2004; Daffis et al., 2008) the viral nucleic acid binds
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to N and C terminal sites on the TLR3 ectodomain activating the TRIF and NF- kB
dependent pathways to produce an interferon type 1 anti- virus (IFN type -1) response (Paul
et al., 2007)

Conversly, TLR7 and TLR 9 detect single stranded viral (ss)RNA and DNA respectively, and
signal through the adaptor protein (MyD88) to initiate intracellular signalling by activating
transcription factors NF-kB and the interferon regulatory factors (IRFs).

IRFs are translocated to the host cell nucleus where they regulate inflammatory cytokine
synthesis and stimulate IFN type I interferon synthesis(IFNo/p expression) resulting in a
protective response in adjacent cells, uninfected with a virus (Katze et al., 2002; Paul et al
2007). IFNa/Bbinds to the IFN surface receptor (IFNAR) on an uninfected host cell leading to
the activation of Janus kinases (JAK) with phosphorylation of transcription factors Signal
Transducer and Activation of Signal (STAT1 and STAT2). These two proteins enter the host
nucleus to drive the expression of IFN stimulated genes (ISGs)to intiate the anti virus host
response.

Many of the emerging RNA viruses responsible for encephalitis express viral proteins that
inhibit the host’s innate anti -virus response by inhibiting specific steps in the pathway for
IFN o/p synthesis, namely the ISGs and several anti -virus proteins blocking the hosts anti
virus response (Type 1 interferon) (Griffin 2003; Paul et al., 2007) Examples of viruses and
their individual proteins that block the host’s IFN expression include, West Nile Fever
(Envelope protein E), Influenza (Non Structual protein -1), Ebola (VP 24, VP35) Rabies
(Rabies virus phosphoprotein), Enterovirus (structural protein 3C).

5.5 TLR detection of DAMPs in the absence of infection promotes inflammation

Necrotic cells release a range of endogenous proteins such as, heat shock proteins (HSP), S -
100, High mobility group box 1 Interleukin (HMGB1), ATP and mitochondrial proteins that
are all regarded as DAMPS, because they can initiate an inflammatory response. (Roth et al.,
2003; Lotze et al 2005; Krysko et al., 2010).

Several PRR including TLR-3, TLR-7 and TLR-9 function as sensors of tissue necrosis
(Cavassani et al., 2008, Marshak- Rothstein and Rifkin 2007). Chromatin -DNA and
ribonucleoprotein complexes all of which contain “self”nucleotides that activate the
intracellular PRRs, TLR 7and TLR 9, resulting in an autoimmune disease(Tian et al 2010).
Self nucleic acids are usually unable to activate the innate immune system, but after
degradation by serum nucleases they are detected by TLRs in endolysosomes resulting in
a further inflammatory response (Cavassani et al., 2008) In Systemic lupus erythematosus
SLE, (a chronic inflammatory multi-organ disease charachterized by antibody production
against self antigens such as DNA). On this basis SLE is regarded as a typical autoimmune
disease because serum auto antibodies bind to “ self” nucleic acids and are internalized by
FcyR IIla receptors on DC. These complexes are detected by TLR7 and 9, leading to
interferon type I response and persistent autoimmune inflammation (Marshak- Rothstein
and Rifkin 2007).

HMBGIL is an important DAMP, because it can bind to self DNA and pathogens. The
receptor for activated glycation endproducts (RAGE) is also a PRR, and binds with HMBG1
to form a complex. This is delivered to endosomes containing TLR9, activating both DC and
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B lymphocytes, with an up regulation of inflammatory cytokines (Tian et al., 2007). The
regulation of HMGBI is clearly an important factor contributing to reducing DAMP initiated
inflammation. One regulator of this interaction is Thrombomodulin (CD141); it is expressed
by microglia and has been shown to bind to HMBG before it can form a complex with
RAGE, to prevent this complex being detected by TLR and promoting an inflammatory
response. (Abeyama et al 2005).

Heat shock proteins (HSP) and S-100, are important DAMPs and also interact with TLR 2-4
/CD91 and the RAGE receptor. This complex also signals through the NF-kB pathway to
activate proinflammatory cytokine expression (Foell et al., 2007, Yu et al, 2006). The
regulation of DAMP initiated inflammation is not well understood; however two
macrophage (and possibly microglial) related lectins, MINCL and Clec9A, both bind to
ribonucleoproteins, SAP 130, released by necrotic cells preventing DAMPS binding to TLR,
with a down regulation of cytokine expression (Sancho et al 2009).

6. Non-TLR PRRs in pathogen detection

6.1 RIG like receptor; RIG -1 and MDAS receptors detect intracellular viral nucleic
acids and initiate interferon synthesis

Retinoic acid inducible agent -1 and melanoma differentiation associated gene 5 (MDADJ) are
both RIG-1 -like receptors (RLRs) , are helicases and signal through the adaptor molecule
IPS-1 (Yoneyama et al., 2004; Kato et al 2006; Kwaki and Akiar 2010). They are expressed by
microglia and astrocytes, and are located in the cytosol (Miranada et al., 2009). RLRs detect
mainly virus RNA, both short and long ds and ss RNA (. Fur et al., 2008; Yoshida et al.,
2007) RIG-1 detects short double stranded RNA; negative sense single strand, Influenza A
and Ebola viruses and positive sense single strand RNA, Japanese encephalitis and Hepatitis
C (Yoneyama et al., 2004; Fuijita et al 2007., Mohamadzadeh et al., 2007) whereas, MDA-5
detects cytoplasmic positive sense RNA, for example Poliovirus. (Griffin 2003; Kato et al
2008)

6.2 RiG-1 and MDA-5 anti virus response

RIG-1 and MDA-5 contain caspase recruitment domains (CARDS) essential for down stream
signalling and an intermediate DEeD/H-box RNA Helicase domain, essential for ligand
binding and recognition. (Parisien et al., 2003) The interaction between the RIG-1 and MDA-
5 with nucleic acid from a pathogen activates the CARD containing adaptor (IPS-1) known
as Cardif, MAVS and VISA, resulting in the up regulation of interleukins and a range of anti
-virus proteins (Kumar et al 2010: Kato 2006) promoting the IFN type I response, capable of
inhibiting viral replication(Paul et al 2007). See table 1.

6.3 ND LR receptors; roles in the innate response against infection

The NDLR (nucleotide -binding domain leucine rich repeat) are a group of highly
conserved proteins found in diverse species, including sea urchins and humans. They
(twenty two have been identified in humans and thirty four in mice) are a family of
intracellular cytoplasmic PRR that represent sensors for detecting Gram negative and Gram
positive bacteria, mycobacteria and DAMPs (Karaparakis et al 2007: ; Ting et al., 2010;
Kumar et al., 2011).
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These receptors are characterized by an N -terminal effector domain caspase recruitment
domain (CARD), a centrally located nucleoside binding domain NACHT (or NOD) domain
for nucleotide binding and a C terminal of leucine rich (LRR) mediating PAMP ligand
recognition, e. g peptioglycan and flagellin in the bacterial cell wall (Sterka and Marriott
2006: Kaparakis et al., 2007 Proell et al 2008).

The actual process wherby an NLR detects either a PAMP or DAMP, is not understood.
However, the C terminal LRR region recognizes PAMPS, but the crucial step in NLR
activation is the oligomerization of NACHT domain and this permits binding to a series of
intracellular adaptor proteins and eventually the intiation of IFN synthesis as the
inflammatory response. (Proel2008)Further information about potential homo and
heterotypical interactions between NLR s is needed to determine whether or not different
combinations of NLRS demonstrate functional differences. Mutations in the genes encoding
individual NLR have been linked to several chronic inflammatory disorders (such as
Crohn’s disease and asthma) underlying the potential importance of NLR in human disease
(Tinget al 2010).

The expression of the NLR in the CNS is not clearly defined, although NOD 2 is expressed
by monocytes, microglia and astrocytes (Chauhan et al; 2009)

NOD1 and 2 are cytosol proteins, they are able to detect major components of bacteria cell
walls, g -D glutamyl -meso -diaminopimelic acid (iE- DAP) present in numerous organisms
including Listeria Bacillus subtilis, Shigella Flexneri, Campylobacter jejuni and, Helicobacter
pylori; NOD-2 detects murmayl dipepetide from Salmonella Typhimurium, Mycobacteria
tuberculosis, Listeria monocytogenes, Saphylococcus aureus and Neiseeria menigitidis
(Sterka et al., 2006) Kumar et al 2011). Uncontrolled NOD-2 activation can, however, result
in demyelinization, representing the detrimental effects of unregulated activation of the
innate immune system against pathogen invasion. (Proell et al., 2008).

NLR3, is a key component of NLR- 3 inflammosome (NLR 3, ASC and procaspase -1)
because it is able to detect a wide range of PAMPs including viruses (adeno and
influenzaviruses), bacteria (Staphylococcus aureus) and fungi (Candida albicans) (Osawa et
al,, 2010) and various DAMPs (HSP and BCL-2)(Schroder 2010). Of interest, is the
association between a mutation in the nucleotide -binding oligomerization domain gene
2(NOD2) and Crohn’s disease, an inflammatory bowel disease (Rehaume et al; ., 2010; Ting
et al., 2010).

The explanation for the role of NOD2 in some forms of bowel inflammation (Crohn’s
disease) provides several insights into the more general immuno regulatory roles for NOD -
2. Firstly, as an activator of the transcription factor NF-kB, to increase cytokine synthesis, or
as a negative regulator of the host TLR response to pathogens, thirdly, a capacity to increase
host defence by up regulating the expression of small molecular weight (18-45 amino acids)
molecules called the o defensins in Paneth cells. The defensins assist with the intracellular
lysis of phagocytosed bacteria, therfore regulating the severity of inflammation in the
intestine wall (Rehaume et al., 2010).

The precise mechanism by which intra cellular sensing of PAMPs, such as bacterial
peptidoglycan derived molecules, meso -diaminopimelic acid and muramyl dipeptide is
carried out is as yet, not known (Ting et al 2010). Once a PAMP or DAMP is detected by the
NLR this activates the inflammasome pathway (a complex composed of NLR, the adaptor
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ASC (apoptotic speck-containing protein) with a CARD and procaspase -1 increasing the
expression of proinflammatory cytokines IL-B and IL-18. (Royet et al., 2007; Hoarau et al.,
2011).

The involvement of NLR in virus infection requires the mitochondrial located anti virus
signalling protein, MAVS (also Cardif, IPS-1, VISA), that is responsible for type I interferon
response. An NLR protein family member, NLRX1, regulates the interferon type 1 response
by inhibiting the interaction between RIG-1 and MAVS, whereas NOD 2, also inhibits RNA
virus production through its interaction with the anti- viral protein, 2-5 oligodenylate
synthase type 2 (OAS2) (Ting et al 2010). see table 1.

7. Scavenger Receptors (SR) detect pathogens, apoptotic cells and
endogenous proteins; vital components of the innate immune response

7.1 CD14, CD36 and SCARB

CD14 is expressed by microglia and is both a membrane anchored
glycophosphatidylinositol protein (GPI) and soluble PRR. It has a co-operative interaction
with TLR- 4 to facilitate bacterial LPS detection and it interacts with apoptotic lymphocytes,
via the intercellular adhesion molecule(ICAM-3) to facilitate their phagocytosis (Gregory
2000). Clearance of apoptotic cells by CD14, depends upon detection of ACAMPS and this is
also an anti -inflammatory response, reducing tissue damage, because the soluble form
CD14 switches off activated T cells (Pender 2001).

7.2 Scavenger receptors class A (SRAI, SRABI/Il) and class B, CD36

The best characterised SR is CD36, a multifunctional receptor, expressed by microglia and
astrocytes (Husemann etal., 2002). It is able to bind to phosphatidyl (PS) and oxidized low
density lipoprotein, both present on apoptotic cells (as ACAMPs) as well as neurotoxic
proteins such as AB4 (Ren et al., 1995; Coraci et al., 2002). Macrophage, CD36, co-operates
with the vitronectin receptor avfs (CD51/CD61) to increase phagocytosis, because this
complex recognizes the protein thrombospondin (TSP) located on the surface of apoptotic
cells. (Lamy et al 2007: Fadok et al., 1998).

A further receptor, Scavenger receptor B, SCARB (Lysosomal integral membrane protein II
or CD36b like-2) is expressed by many different tissues and has also been identified as a
receptor for the enterovirus EV7land coxsackie virus A16, although only EV71 is
responsible for encephalitis. SCARB is expressed in most tissues, so it not possible to explain
the neurotophic effect of EV71 as the result of this virus binding this new receptor.
(Yamayoshi et al, 2009).

7.3 CD91; a multi functional PRR

The a2 macroglobulin LRP receptor-related or the lipoprotein low density lipoprotein
receptor (CD91) is expressed by microglia and neurons (Marzolo et al., 2000), and functions
as an entry receptor for both bacteria and viruses. HIV-1 utilizes CD91 as a docking receptor
to enter the CNS via endocytosis; the toxin of the bacterium Pseudomonas is taken up by
CD91 (Herz et al., 2001). Despite this evidence, the contribution made by this SR in
defending against neuro infection is not yet clarified; CD91 is also able to bind toAp4
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amyloid and apoptotic cells (Marzolo et al., 2000). As the result of apoptosis, calreticulin, a
soluble protein located on the endoplasmic reticulum migrates to the cell surface and
becomes a potentially important ligand for phagocyte receptors, including mannan binding
lectin (MBL), the first complement proteinClq and the CD91 complex. (Ogden et al., 2001;
Gardai et al., 2005)

7.4 TREM -2; a new scavenger receptor

Triggering receptor expressed by myeloid cells (TREM-2) and is an SR expressed on
monocyte derived dendritic cells, osteoclasts and microglia (Takahashiet al., 2007). The
TREM-2 receptor is expressed by microglia in conjunction with the receptor DAP-12 that
shares many features with Draper, an ancient phagocytic receptor found in Drosphila. The
microglial, DAP-12 receptor and Draper, both contain ITAM (immuno receptor tyrosine
based activation motifs) and stimulation of this signalling pathway increases microglial
phagocytosis and pro inflammatory cytokine expression. (Linnaetz et al., 2010). In vitro,
microglia expressing TREM -2 demonstrated increased phagocytosis of membrane
fragments from apoptotic neurons. This effect was also reproduced in experimental
autoimmune encephalomyelitis(EAE)following the intravenous administration of TREM-2
in bone marrow precursor cells and was accompanied by a down regulation of tumour
necrosis factor (TNFa). A loss of function mutation in both TREM-2 and Draper proteins are
associated with a chronic neurodegenerative disease, Nasu-Hakola, characterized by the
failure to clear neurotoxic proteins, representing a contributory factor in this form of early
onset dementia (Colonna M et al., 2003). The TREM -2 mediated apoptotic response was
inhibited by inflammatory signals activating the ITIM (immuno receptor tyrosine based
inhibitory motifs) leading to the recruitment src homology 2 (SH) domains of syk protein
kinases, preventing phagocytosis and down regulating both the microglial inflammatory
and anti -pathogen responses.

7.5 Lectins as PRR in the innate immune response to infection and injury

The lectins are a range of carbohydrate binding proteins and glycoproteins, either homo
or hetero oligomers of non -covalently bound, polypeptide units and carbohydrate
recognition domains (CRD) that bind to a sugar molecule in a Ca 2+ dependent manner
(Cambi et al., 2005). One important role for the lectins is to establish tolerance between
bacteria living inside the host through molecular mimicry. Bacteria display surface lectin
molecules similar to those present on host cells so bacterial lectins are detected as ” self “
by the host immune system, allowing them to remain in the gut with mutual benefit to
both host and bacteria.

The innate immune response also includes the C- type lectins (acting as PRRs) to detect
PAMPS (Endo et al., 2006; Geijten beek et al., 2009). The most important families of lectins
are the Pentraxins (extracellular), the Macrophage mannose receptor (MMR) located on the
endoplasmic reticulum)(Stahl and Ezowitz 1998), the non classical C-type lectins, dectins
land 2, expressed by microglia (Brown G et al., 2006) Siglecs (cell membrane)(Crocker and
Varki, 2001) and the newly identified C -type lectin member 4E (Clec4) (Sancho et al., 2009).
The galectins, expressed by cerebral blood vessels, are an increasingly important family of
lectins, functioning as a PRR to detect both intracranial ] PAMPs and DAMPs (Sato et al.,
2009; Vasa, 2009).
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7.6 MMR and DC-SIGN are PRR for “non self”’, complex carbohydrates

Glia, express trans membrane C- type lectins (Burundi et al., 1999) namely MMR (microglia,
astrocytes and peri vascular cells) (Linehan et al.,, 1999) and DC- SIGN receptor that
recognizes “self “intercellular adhesion glycoproteins ICAM. (van Kooyk et al., 2003). The
DC-SIGN receptor is expressed by peri vascular cells and a population of dendritic cells,
both associated with cerebral blood vessels (Mukhtar et al., 2002; Schwartz et al., 2002;
Greter., 2005). MMR and DC- SIGN function as PRRs binding to and internalising viruses by
endocytosis, promoting their degradation and antigen presentation to T cells in association
with MHC (Stahl et al 1998; van Kooyk et al., 2003).

Both, MMR and DC-SIGN, also recognize “non self” molecules containing a high mannose
content (functioning as PAMPs), as found on enveloped viruses. Both MMR and DC-SIGN
receptors provide a pathway for a virus to enter the CNS (le Cabec et al., 2005) and this is
the case for Dengue (Miller et al 2008), HIV, Ebola and Marburg (both ss RNA Filo viruses),
West Nile Fever virus (WNFV), Influenza A, all target MMR (Upham et al 2010.). Whereas,
WNV and Ebola virus target the DC- SIGN receptor (Alvarez et al., 2002; Schwartz et al.,
2002; Mohameazah et al., 2007)

7.7 Pentraxins

The pentraxins are highly conserved proteins with a cyclic multimeric structure and include
the acute phase reactant C protein (CRP) and serum amyloid protein (SAP). Microglia and
neurons express CRP and SAP, both of which are capable of opsonising apoptotic cells with
subsequent binding to the collectin, Clq, the first C pathway protein to stimulate
phagocytosis. (Elward and Gasque 2003; Nauta et al 2003). CRP recognizes apoptotic cells
through binding to phosphorylcholine found in oxidized lipids which are regarded as
ACAMPs (Chang et al., 2002). Pentraxins, as opsonins, also initiate phagocytosis of
apoptotic cells as they are capable of binding directly to microglial Ig (FcyR) receptors and
Clq (Chang et al 2002: Nauta et al., 2003) Despite this evidence, the contribution of the
pentraxins to the removal of apoptotic cells from the CNS in neurodegenerative and
inflammatory disease is yet to be defined.

7.8 Galectins are lectins and PRR with multiple roles

Most galectins are non - glycosylated, soluble proteins, distributed in most mammalian
tissues, including the innate and adaptive immune systems (Sato et al., 2010: Vasta 2010).
Glactins(previously known as S- type lectins) are expressed by cerebral vessel wall
endothelium (Joubert et al., 1998). They are also examples of PRR capable of binding to
viruses, bacteria (Streptococcus pneumonia, Neisseria meningitides, Haemophilus influenza and
fungi Candida albicans, the protozoan Trypanosoma cruzi and parasite Toxoplasmosis gondii.
Glactins are able to prevent Nipah virus entry in to endothelial cells by preventing virus
fusion with ephrin B2 and B3 receptors on endothelial cell surface (Lo et al., 2010; Garner et
al., 2010) However, this protective function of glactein is exploited by the HIV -1 virus,
because it binds to glactin -1 and enters host cells. Organs that represent reservoirs for HIV-
1 infection express abundant glactin -1 on their cell surface, confirming glactins are “ non
self” detecting PRR. (Sato 2009).
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7.9 Defense collagens or collectins (MBL and SPA)

These are soluble molecules expressed by the liver, lungs and astrocytes (Kuraya et al.,
2003; Wagner et al 2003)and include mannose binding lectin (MBL) and Lung surfactant
protein A (SPA). Both these collectins are capable of recognizing carbohydrate patterns
containing large numbers of mannose and fucose molecules characterized as PAMPs, and
found in the cell wall of bacteria and viruses (non self), but not expressed by mammalian
cells (Tenner AJ 1999; Elward Gasque 2003). The globular carboxyl C terminal of the
defence collagen acts as PRR recognizes PAMPs and potentially ACAMPs, whereas the N
-terminal domain links defence collagen to a receptor on phagocytic cells e. g microglia.
MBL binds to Ebola and Marburg envelope gylco proteins, preventing these viruses
gaining “subversive “entry to the host cell through the DC -SIGN receptor (Ji et al 2005).
SPA and MBL are capable of binding to apoptotic cells and neutrophils, functioning as a
bridging molecules, between the apoptotic cell and the phagocyte receptor CD91
(Vandivier et al., 2002).

7.10 Siglecs detect sialic residues as markers of “self”

Siglecs (sialic acid -binding immunoglobulin like lectins) are a subgroup of the Ig super
family, type 1 membrane proteins with an amino terminal V -set immunoglobulin domain;
they represent a family of receptors that detect sialylated glycoproteins and glycolipids
(Crocker and Varki 2001 Crocker etal., 2007). Two group of Siglecs can be identified; Siglecs
common to mammals Siglec -1(sialoahesin, CD169) (Delputte et al., 2011), Siglec 2 (CD22),
myelin associated siglec 4 and those Siglecs related to the CD33 family including siglec -10,
11 and 16 (Lock et al., 2009 Mott et al., 2004). Most siglecs, are present on haemopoietic
tissue however, sialoadhesin is expressed only on macrophages as a specific adhesion
molecule, whereas siglec -11 is expressed by microglia (Angata et al., 2002). The CD33
family of siglecs are expressed on most mammalian cells, with each siglec having a unique
specificity for a sialylated ligands (sialic acid), so there is room for overlapping functions
within the family of Siglec receptors (Cao and Crocker 2010). Their main function is the
detection of “self “ indicated by sialic acid residues and the suppression of inappropriate
microglial directed host cell phagocytosis.

7.11 Complement system provides first line defence against pathogens PAMPS,
DAMPs and ACAMPs

The C system is an extremely ancient component of the innate immune system. It is thought
to have evolved 300 million years ago, as part of the coagulation protein pathway. The
complement system comprises of three pathways, the classical, alternative and lectin
activated pathways. (Sjoberg et al., 2008; Gasque 2004; Gasque et al., 2000)

The first component of the classical C pathway, Clq, has a multimeric structure, that
represents a PRR and is expressed by astrocytes and neurons (Gasque et al., 2000). Clq is
able to detect a variety of pathogens, apoptotic cells and neurotoxic misfolded proteins
(mutant Prions, fibrillary amyloid), antigen -antibody complexes and DNA (Nauata et al
2002; Korb et al., 1997). The identity of the Clq receptor is not well defined, but candidates
include, CD93, expressed by microglia or C1qRp (Dean et al 2000 Webster et al., 2002. ;
Elward and Gasque 2003).
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The activation of the classical C pathway generates two anaphylotoxins (C3a, C5a)
responsible for recruiting inflammatory cells into areas of tissue injury, as welll as opsonins
(iC3b and C3) and the cytolytic membrane activation complex (MAC). With regards to
pathogens such as bacteria and fungi, the opsonins (C3b and iC3b) coat the pathogen
making it a more attractive target for microglia expressing the P2 integrin (CR3
/ CR4)receptors (Akiyma and Mc Geer 1990: Ehlers 2000; Reichart et al., 2003). Apoptotic
cells contain activated DNA and this enables Clq to directly bind to apoptotic cells,
activating the classical C pathway with the generation of opsonins C3b and iC3b, again
providing targets for phagocytosis by CR3 and CR4 to reduce host cell damage (Mevorach
et al., 1998; Korb et al., 1997). There is also evidence that the Ficolins (lectins) bind to
ACAMPs expressed by apoptotic cells, activate complement and generate the opsonin C3,
facilitating phagocytosis (Matsushita., 2010)

8. Neurodegeneration; The detection and clearance of Pathogen protein
associated molecular patterns (PPAMPS) and innate immune system
activation

Neurodegeneration produces neuronal loss and is characterized by intra and extra
neuronal accumulation of dangerous(neurotoxic) intrinsic proteins (fibrillary amyloid,
mutant prions, a-synuclein, mutant tau) classified as PPAMPs(pathogen protein
associated molecular patterns) regarded as a sub type of DAMPS. PPAMPs are detected
by a range of PRRs with resulting proinflammatory cytokine expression (Wyss-Coray and
Mucke 2002). During chronic CNS inflammation, the accumulation of endogenous protein
aggregates is perceived by the innate immune system as “stranger” or “danger” signals
(DAMPs). In AD, it has been suggested that a variety of glial related PRR (CD14, TLR,
CD36, CD91) with opsonins(C 1q, iC3b, C3) derived from C activation contribute to the
removal of AB4amyloid fibrils ( Coraci et al., 2002: Elkhoury et al., 2003; Fassbender et al.,
2004; Alarcon et al 2005: Tahara et al., 2006; Landreth et al., 2009)The SR, CD36, facilitates
the assembly of a heteromeric complex composed of CD36, TLR4 and TLR6 following
binding to AP 4 (Stewart et al., 2010).

AP fibrils can activate microglia and astrocytes through TLR4 (together with CD14 and MD2
in microglia), leading to the activation of downstream inflammatory response genes (Reed -
Geaghan et al., 2009; Walter et al., 2007; Chen et al., 2006: Lehnardt et al., 2003, Bamberger et
al., 2003). This explanation is consistent with mice carrying a nonfunctional TLR4 crossed
with a mouse model of AD (APP/PS1 double transgenic mice) having a lower level of
inflammatory cytokines than wild type animals (Walter et al., 2007; Jin et al., 2008). A TLR4
polymorphism was shown to be associated with protection against late-onset AD in an
Italian population, suggesting that theTLR4-mediated innate immune inflammation could
influence AD pathology (Minorettiet al., 2006). TLR2 also may be a sensor for fibrillar AP
(Chen K et al., 2006; Jana et al 2008). Blocking TLR2 signaling with antibody or by
knockdown of the receptor gene in vitro suggested that TLR2 stimulation by AP promotes
neurotoxic inflammation. However, mice lacking TLR2 crossed with APP/PS1 transgenic
AD mice were reported to show a delay in AP deposition and improved behavior on
memory tests (Richard et al., 2008) These apparently contradictory functions of TLR could
be due to differences in the cell types as well as signaling pathways that are engaged by the
amyloid peptides and/or fibrils. (Tahara et al., 2006)
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NOD-like receptors (NLRs) are also involved in AB-induced inflammatory response. In AD,
AP oligomers and fibrils induce lysosomal damage and trigger NALP3, a member of the
NLR family that is expressed in microglia (Halle et al., 2008) NALPs activate downstream
signaling proteins, such as ASC and this will lead to caspase 1 activation and increased
processing of proinflammatory mediators like IL-1p and IL-18.

Fibrillary amyloid and aggregated forms of mutant prion protein are opsonized by
complement components (Clq, C3) to promote clearance by macrophages and microglia
CR3/CR4(Tenner 2001: Kovacs et al., 2004). In AD as the result of Clq binding to fibrillary
Ap4, the C pathway is activated increasing C3 and C5 as part of the protective response
promoting clearance of the amyloid plaque (Mc Geer et al, 1989; Jian et al., 1994;
Eikelenboom et al., 2002); inhibition of the complement cascade increased amyloid plaque
burden (Wyss Coray and Mucke., 2002). However, in the context of acute inflammation,
microglia and astrocytes express complement and it is plausible C activation on myelin/
neuronal debris contributes to secondary brain injury. The formation of the MAC and non-
specific binding to host cells would cause bystander damage.

In Huntington’s disease the expression of Clq, C3, iC3b and C4 is increased on microglia
and astrocytes, C activation is also present in experimental models of ischaemia (van Beek et
al., 2000; van Beek et al., 2001: Singhrao et al., 1999). Interestingly, administration of a Clq
inhibitor C1-INH, resulted in neuron protection after experimental ischaemia, but its
protective effect was interpreted as independent of Clq activation of the complement
pathway (De Simoni et al., 2004).

A further sensing system for A, is provided by RAGE (receptor for advanced glycation
endproducts ) a PRR and trans membrane receptor of the immunoglobulin super family
RAGE is expressed on the surface of microglia, astrocytes, vascular endothelial cells, and
particularly on neurons (Fang F et al 2010). Several reports suggest that AP peptide as well as
AP oligomers bind to RAGE and contributing to the activation of microglia and the production
of proinflammatory mediator (Yan et al., 2006). RAGE is also suggested to play an important
role in the clearance of AB4 and to be involved in cellular processing and signaling (Origlia et
al, 2008; Takuma et al 2009). The role of the SRs, CD36, CD14 and particularly CD91, in AD is
ambiguous; studies indicate that CD91 has the capacity to influence both the production and
the clearance of AB. CD91 is a receptor for APP, apoE, and a2M, which all have been
genetically linked to AD (. Bu, 2006). Clearance of AP complexed to these ligands could
contribute to a reduction in amyloid plaque burden (Herz et al., 2001).

8.1 Phagocytosis of apoptotic cells (altered self) reduces local inflammation (the non
phlogistic response)

Apoptotic cells result from the consquences of infection, ischaemic infarction and
neurodegeneration; they express a range of apoptotic cell associated molecular patterns or
ACAMPs on their surface. In general phagocytosis of apoptotic cells reduces local tissue
inflammation, as the so called “non pholgistic response”, providing some degree of local
immunoregulation. (Chan et al., 2001: Chang et al., 2001; Magus et al., 2002; Griffith set al.,
2009. The result of clearing apoptotic cells reduces local inflammation (non phlogistic
response) and this is in contrast to the increase inflammatory response, following attempted
clearance of pathogens (phlogistic response). The clearance of apoptotic cells by CD14 is
anti-inflammatory (non phlogistic) as it binds to and switches off T cells (Gold1991), releases
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the anti-inflammatory cytokines TGFP and prostaglandin E2, together with growth factors
such as Vascular endothelial growth factor (VEGEF), all reducing local inflammation and
promoting tissue repair (Griffiths., 2009 et al, Golpon HA et al., 2004, Huynh et al., 2002,
Voll R et al., 1997)

ACAMPs include nucleic acids and sugars, the best characterized ACAMPs are,
phosphatidyl serine (PS) and calreticulin (Fadok et al., 2000: Hoffman et al 2001; Gardai et
al., 2005; Gardai et al., 2006).

Glia and macrophages express PRRs that recognize ACAMPS, including the PS receptor
(PSR), CD14 (in conjunction with ICAM), LRP, CD36, the soluble bridging molecules milk -
fat gobulin (MFG -EGF 8), growth arrest -specific gene 6, and TREM-2 (Prieto et al., 1999,
Gregory 2000; Hanayama et al.,, 2002; Leonardi -Essman et al., 2005 Gardaiet al., 2006).
Thrombospondin, a protein expressed by glia, acts as a bridging molecule between an as yet
undefined ligand on the apoptotic cell and CD36, to promote phagocytic clearance (Lamy et
al., 2007). PS on apoptotic cells and IgM both bind to Clq to activate C pathway and opsonin
(C3b iC3b) synthesis, to provide targets for CR3 and CR4 (Kim et al., 2002).

Animals deficient in C1q accumulate apoptotic cells, resulting in glomerulonephritis and an
(SLE)- like disease, because the accumulated DNA and RNA both function as DAMPs and
trigger autoimmune inflammation (Botto et al 1998). Activated microglial and Kolmer cells
in the choroid plexus (Singhrao et al., 1999) express C3R /CR4 and both detect Clq, C3b,
C3b as well as MBL, underlining the importance of glia for removing apoptotic cells
opsonised with C from the CSF (Mevorach et al., 1998; Reichart et al., 2003). The lectins,
Ficolins and MBL, are capable of interacting with ACAMPs such as calcireticulin, to initiate
clearance of apoptotic cells (Ogden et al., 2001).

Phagocytes involved in apoptotic cell clearance also express, the T cell immunoglobulin
domain mucin domain protein 4 receptor (TIM4) and the TAM receptors (Tyro2, Axland
Mer) which bind to Gas 6 both are expressed by neurons (Lemke and Rothlin 2008). These
receptors regulate the effects of TLR mediated response by inducing the expression of
Suppressor of Cytokine Signalling proteins (SOCS 1 and 3), a family of intracellular
inducible proteins, that inhibit cytokine synthesis. (Baker et al., 2009).

8.2 Neuroimmunoregulatory molecules (NIRegs) regulate the innate immune response
and prevents inappropriate activation

One basic property of the NIRegs is their expression by host cells, but neither by pathogens
nor by apoptotic cells. NIRegs interact with either macrophages or microglia to provide
immuno regulation, promoting a reduction in the severity of inflammation and facilitating
tissue repair (Hoarau et al., 2011).

Examples of NIRegs, include CD200 and CD47; these two molecules both represent “don’t
eat me” signals cells, to prevent un warranted phagocytosis, whereas the Siglecs detect sialic
acid (a “don’t eat me” signal) on host cells resulting in immuno regulation and inhibition of
microglial activation. CRProteins modulate complement activation whereas, the the
CD24/siglec 10 pathway inhibits DAMPs initiated inflammatory response (Chen et al,,
2009). see table 2, for a summary of the current Nlreg s.
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8.3 Complement regulatory proteins (CRP) as NIRegs

To avoid self-destruction, host cells employ a range of regulatory molecules, including the
CRP, which inhibit assembly of either the C3-cleaving enzymes or the formation of the
membrane attack complex (MAC) on host cell surface. As pathogens lack these inhibitors,
activation of the complement cascade can proceed and results in lysis or phagocytosis of
microbial intruders. (Zipfle and Skerka 2009). However, animals deficient in CRP are also
likely to experience severe inflammation, because unregulated activation of the C system
will generate C3a and Cba, both anaphylatoxins(chemotaxis of macrophages and
neutrophils) with uncontrolled activation of MAC.

Similarly, as “self” cells progress to “altered self” (apoptotic cells), there is a down-
regulation of complement inhibitors (including CRP) at the cell surface including a low sialic
acid content and the loss of the CRP, FH(Crocker and Verki 2001). The loss of CRP based
membrane inhibitors, such as CD46, can lead to moderate and limited opsinonisation of
apoptotic cells with the complement proteins (C3b, iC3b) with the promotion of
phagocytosis by CR3/CR4. (Elward et al., 2005)

The soluble C1 inhibitor (C1-INH), C4b-binding protein (C4bp), factor H (fH), factor I (fI), S
protein (Sp) and clusterin are all CRP, expressed by glia and neurons (Gasque 2004). C4bp is
an important NIReg, because it is able to inhibit the DAMP effect of DNA released from
necrotic cells and has been detected upon amyloid plaques in AD, potentially limiting C
activation (Torouw et al., 2007; Torouw et al., 2005).

The other CRP are expressed on the cell membrane and include two trans membrane
proteins CR1, membrane cofactor protein (MCP, CD46) and two GPI-anchored proteins,
Decay Accelerating Factor (DAF, CD55) and CD59 (see comprehensive review Zipel and
Skerka., 2009). Moreover, since CD55 is a ligand for CD97 on macrophages it is tantalizing to
speculate that CD55-CD97 interactions could play an important role regulating phagocytosis
(Hamann et al., 1996).

FH, CD55 and CD59, fulfill the criteria for an NIReg given that they are broadly expressed
and extremely important in the control of complement activation on self-cells. Neurons also
express NIRegs in the form of the CRP, Factor H. This CRP is able to reduce axonal
degeneration (self injury) in a MOG induced EAE model, as the result of inhibiting C
pathway activation. (Griffiths et al., 2009)

8.4 Siglecs are an emerging NiIReg

The Siglecs, are expressed by monocytes, microglia and macrophages; they have a
potentially important immuno regulatory function in the CNS (Linnartz et al., 2010) The
absence of sialic acid expression on micro-organsims or apoptotic cells is detected by siglecs
as a signal of “missing self “and this promotes phagocytosis (Crocker and Virki 2001). To
emphasize the importance of sialic acid residues as a signal of “self”, over twenty,
pathogens have evolved the capacity to synthesize or capture sialic acids, providing
molecular mimics of host (“self “) and thus avoiding detection by their host (Jones et al.,
2003). This possibility is supported by evidence showing Group B Streptocci with siaylated
surface molecules bind to neutrophils expressing siglec 9, with reduction in their killing
response aiding the survival of bacteria (CaoCrocker 2010).
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The CD33 related sub-family of Siglecs (includes human Siglec 10, Siglec 11, Siglec 16) and
the CD22 related Siglecs, both signal through cytosolic ITIM (immuno receptor tyrosine
based inhibitory motifs) that provide inhibitory regulation of receptor pathways (Crocker
and Varki 2003; Lemke and Rothlin 2008). This association strengths the potential NIReg
regulatory role for both CD33 and CD22 siglecs on the basis of their capacity to detect
sialylated glycans (a-2, 6 a—2, 3 and a-2, 8 linked sialic acids) representing markers of” self
“on host cells.

The interaction between CD22 and B cells results in a phosphorylation of ITIMS with the
recruitment of the Src homology 2 domain -containing protein tyrosine phophatases(SHP-1
and SHP-2 proteins) with a down regulation of inflammatory signalling. (Crocker 2007).

Cortical neurons express high levels of CD 22 and on ligation with microglial CD45 it
reduced LPS induced microglial expression of TNF-a acting as a negative regulator of
microglial cytokine release (Mott et al., 2004). Siglec 11, expressing microglia have a reduced
neurotoxic capacity and fail to phagocytose apoptotic material in micro glial- neuron co
culture experiments. (Wang et al., 2010: Toguchi et al 2009).

CD33 related Siglecs inhibit cell proliferation, negatively regulate TLR, increase apoptosis
and reduce IFN production, again through ITIM signalling pathways (Cao and Crocker
2010). The absence of sialic acid in the cell wall of a pathogen will prevent the interaction
with CD22, CD33, resulting in the failure to promote an ITIM related inhibitory response
with an increased host “ protective “ inflammatory response (Crocker 2010). The presence of
sialic acid residues defines host cell as “self” and initiates an inhibitory signal to down
regulate any inflammatory response and prevent inappropriate phagocytosis of host cells. A
further immunoregulatory role for Siglecs is their inhibitory response to TLR signalling
activated by DAMPs.

8.5 CD24/siglec 10; an NIReg pathway that regulates DAMPS and reduces tissue
injury

The successful resolution of pathogen invasion of the CNS requires the detection of PAMPs
and also DAMPs released by tissue injury. HMBG, S100 and HSP are all examples of a
DAMPand released from cells after injury. The innate immune system can be activated by
DAMPs as a consequence of being detected by a RAGE and TLRs and triggering the TLR -
MyD88 -NFkB pathway (Liu et al., 2009). Of interest, is the relatively low level
inflammatory response elicted by DAMPs, raising the possibility that DAMPS are capable of
regulating the inflammatory response.

One pathway, capable of imunoregulating DAMPS involves, CD24, a heat stable antigen
and GPI anchored protein, that binds to HMBG, reducing the pro inflammatory properties
of this DAMP. Two lines of evidence support the regulatory role of CD24; individuals with
polymorphisms of CD24 appear to at risk of developing so called autoimune disease
involving inflammation and when T cells are introduced into CD24 deficient mice, they
undergo rapid proliferation. Furthermore CD24, is expressed in the developing CNS and by
stem cells; although not fully characterized, it is known to regulate cell proliferation and
neuritic outgrowth (Kleene et al., 2001: Shewan et al., 1996).

CD24 detect s DAMPs, but not PAMPS and the CD24- DAMP complex binds to the Siglec
10, which has an ITIM motif and recruits SHP-1 SHP-2 and SHIP complexes. The presence of
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Siglec 10- SHIP-1 compex inhibits the DAMP-TLR /NLR based activation of the NF-kB
pathway, reducing DAMP activated inflammatory cytokine expression. PAMP activation of
the TLR -MyD88 -Nf-kB pathway remains intact and inflammatory cytokines are
synthesised. This proposed pathway, based upon CD24 binding to DAMPS, but not PAMPS,
allows the host to regulate endogenous protein activation of inflammation following
infection and neuro degeneration, adding a further protective pathway to reduce the
severity of tissue injury.

Mice deficient in the human homologue of siglec 10 have an increased proinflammatory
response to pathogens (Chen et al., 2009). Further evidence, that the CD24/siglec 10
interaction presents an NIReg pathway is the inhibition of the inflammatory response
initiated by the DAMPS, HSP 70 and HSP90 (Liu et al., 2009). The CD24 /Siglec 10 pathway
represent an NIReg pathway capable of regulating endogenous DAMPs released during
injury, neurodegeneration and infection. (Liu et al 2009; Hoarau et al., 20011)

8.6 CD200-200R an NIReg pathway for evasion of phagocytosis

CD200, is a well defined member of the NIRegs family it is expressed by reactive astrocytes;
its counter receptor, C200R is expressed by microglia and perivascular macrophages
(Barclay et al., 2002; Broderick et al., 2002 Lyons et al., 2007). The interaction between CD200
and CD200R results in down regulation of microglial phagcocytosis, preventing “self” attack
(Barclay et al., 2002: Hoek et al., 2000). CD200 is a 41-47kD surface molecule and a member
of the immunoglobulin Ig supergene family, characterized by two IgSF domains (Barclay et
al., 2002; Wright et al., 2001). It is a highly conserved and found in invertebrates and
vertebrates; like many of the glycoproteins containing this molecular arrangement they are
involved with regulation of the immune system.

In the brain CD200, is expressed by microglia, cerebellar and retinal neurons, together with
vascular endothelium. (Broderick et al., 2002). The counter receptor to CD200, CD200R, also
contains two IgSF domains and is expressed by myeloid cells and brain microglia (Koning et
al., 2009; Koning et al., 2007). In CD200 deficient mice, the number of activated microglia
and macrophages were more numerous after an experimental lesion, as compared to wild
type animals, providing evidence that the CD200/CD200R interaction is related to
regulation of microglial activation and regulation of local inflammation (Hoek et al., 2000).
This interpretation is supported by experiments in CD200 -/-mice inoculated with myelin
oligodendrocyte glycoprotein MOG peptide to induce EAE. In these experiments the
severity of the EAE was increased owing to the loss of CD200 regulation of microglial
activity (Hoeket al., 2000). The contribution made by the CD200 (astrocytes)-CD200R
(microglia) interaction on microglia in MS and AD remains to be established, although
evidence for a dysregulation of CD200-CD200R pathway as a contributory factor to increase
the severity of inflammation in MS has been proposed (Koning et al., 2009).

8.7 CD47-C172 an NIReg pathway as a marker of “ self’ or “don’t eat me”.

CD47, is expressed by astrocytes, neurons, macrophages and endothelium. The interaction
between CD47 with the counter receptor CD172a, down regulates microglial activity,
complement activation and cytokine expression, overall reducing the severity of the
inflammatory response (deVries et al., 2002 Reinholdet al., 1995)
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CD47 has five trans membrane regions with alternatively spliced isoforms of CD47 having a
tissue specific expression, form 2 is present in bone marrow, whereas form 4 is highly
expressed in brain (Reinhold et al., 1995). CD47, has two counter receptors; CD172a is
expressed by myeloid cells, microglia and neurons a plasma membrane protein with three
Ig domains in its extracellular component (Brown et al., 2001) and thrombospondin TSP
(Lamy et al., 2007).

The interaction between CD47 with CD172a, recruits tyrosine phosphotases SHP-1 and SHP-
2, with down regulation of macrophage phagocytosis, complement activation and cytokine
synthesis including (Vernon -Wilson et al 2001: Brown et al., 2001: Oldenborg et al., 2001:
Seiffertet al., 2001. The protective activity of CD47 could also be extended to its beneficial
role in supporting neural development and promoting clearance of amyloid fibrils, albeit by
mechanisms that remain ill-characterized (Bamberger et al., 2003).

The interaction between CD47 and CD172a has been shown to reduce neutrophil migration
across endothelium and blocking CD47 induced expression of inflammatory cytokines by
dendritic cells. CD47 is capable of inducing apoptosis in both T cells and cells deficient in
CD47 1i. e. loss of “self” identity, these cells are subsequently cleared rapidly from the
systemic circulation by the spleen. (Oldenborg et al., 2001). The interaction between CD47
and thrombospondin promotes apoptosis of activated T cells, therefore, reducing
inflammation by terminating T cell activation (Lamy et al., 2007: Sarati et al., 2008).

Hence, CD47, represents an important “don’t eat me signal”, preventing inappropriate
phagocytosis of host cells (Elward and Gasque 2003). Apoptotic cells rapidly loose CD47,
reducing its ability to bind and phosphorylate CD172a to recruit inhibitory signals and
increasing their clearance through phagocytosis. The presence of CD47 on neurons and T
cells is capable of promoting apoptosis through the CD95/Fas and caspase independent
pathways (Manna et al., 2005). In MS, CD47, but not CD172a expression, is reduced at the
edge of a chronic plaque, contributing to the loss of immuno regulation of microglia in this
chronic inflammatory disease(Koning et al 2009).

The finding that viable cells are readily ingested if ‘“don’t eat me signals” are disrupted raises
the intriguing possibility that recognition and removal by phagocytosis is a default process
that is actively prevented by inhibitory ligands on viable cells. Whether or not the CD47-
CD172a pathway is capable of regulating microglial activity in disease remains to be
determined. (Hoarau et al., 2011)

9. Emerging NIRegs; semaphorins and suppressor of cytokine signalling
proteins (SOCS)

9.1 Semaphorins and microglia represent a potential pathway to regulate the host
inflammatory response

The semaphorins are a diverse group of highly conserved trans membrane and extra cellular
proteins with an extra cellular, 500 amino acid cysteine rich, semaphorine domains.
Semaphorins bind to a diverse range of receptors; in the brain, plexins and neuropilins
whereas in the immune system, the C -type lectin, CD72 is expressed mainly by T cells, but
also on DC and macrophages. The functional importance of the semaphorins was initially
directed towards control of axon growth, but it is now apparent these molecules are
important immuno regulators in the CNS (Takegahara et al., 2005).
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The interaction between Sema 4D (originally CD100), a trans membrane semaphorine, and
the immune system CD72 results in an increased expression of cytokines by B cells, because
Sema 4D turns off the inhibitory ITIM associated pathway (Suzuki et al., 2008). In the CNS
microglia are activated by Sema 4D binding to plexin B1, rather than the CD72 molecule that
is also expressed by microglia (Okuno et al; 2009)

Interestingly, plexin B1 and Sema 4D deficient mice are resistant to EAE induced by MOG
derived peptide, because of the failure to generate MOG -specific T cells, emphasising the
importance of functional Sema 4D for T cell activation and differentiation within the CNS
(Takegahara et al., 2005). Antibodies raised against Sema 4D reduced inflammation during
EAE, this was explained as the result of blocking T cells expressing Sema 4D interacting
with microglial plexin to promote expression of pro inflammatory cytokines (Okuno et al.,
2009).

In contrast to the other NIReg pathways, Sema 4D, increases the host inflammatory
response by upregulating the level of cytokine expression and microglial activation. The
regulation provided by Sema4D ensures the host inflammatory response is approporiate to
counter the effects of pathogens and neurtoxic proteins. Conversly inhibition of the SEMA
4D-plexin pathway represents a potential new target to suppress and regulate neuro
inflammation.

9.2 Suppressor of cytokine signalling proteins (SOCS)

SOCS, are a family of eight intracellular, cytokine inducible proteins, expressed by CNS cells
(microglia, astrocytes and neurons) that inhibit IFN signalling in CNS cells (Baker etal.,
2010). Through activation of STAT transcription factors the C terminal of the SOCS binds to
and inhibits phosphorylated tyrosine residues on Janus kinases (JAK), in addition the of the
N terminus contains a kinase inhibitory region, and this also inhibits INF synthesis and
blocks the NF-kB pathway. In the brain, SOCS1 and 3 are induced by a variety of
inflammatory cytokines including INFyand LPS. Overall, SOCS land 3 are examples of
NIRegs because they block the JAK/STAT pathway regulating glial and neuron
inflammatory cytokine synthesis.

SOCS1 and SOCS3 have potentially important clinical applications. Administration of SOCS-1
to experimental animals prevents EAE by inhibiting JAK-2 mediated phosphorylation
reducing the expression of inflammatory cytokines IL-2, IL -5 and TNFa raising the possibility
that SOCS-1 is a potential therapeutic agent to treat inflammatory mediated demyelination
(Baker et al 2010)Furthermore, the level of SOCS 3 exppressed by T cells in relapsed MS was
less than in remission and this correlated with STAT levels, such that reduced SOCS allowed
STAT to rise increasing inflammatory cytokine levels and increasing the likelihood of relapse.
(Baker et al 2009 for review of clinical studies involving SOCS)

9.3 Loss of immuno surveillance, NIRegs and CNS neoplasia

Glioblastoma (GBM), is the most common primary brain tumour in adults, it is highly
aggressive and infiltrates throughout the brain. These tumours have developed the capacity
to escape immune surveillance by suppressing the host anti -glioma response. Failure to
promote an anti glioma response is associated with an accumulation of immunosuppressive,
CD4-Fox P3+ regulatory T cells, both within and surrounding the tumour (Sonabend et al.,
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2008). Glioma stem cells and macrophages are also capable of inducing immuno supression
in host microglia, because they express the anti -inflammatory cytokines TGF-1 MIC-
Imacrophage inhibitory factor and also inhibit microglial phagocytosis (Wu et al., 2010;
Hussain et al., 2006). A pivotal role in this apparent loss of anti- glioma response is the
inhibition of the JAK/STAT signalling pathway in glioma cells with resulting cell
proliferation, inhibition of both host cell inflammatory response and tumour immuno
surveillance (Brantley et al., 2008). The inhibition of STAT signalling pathway in GBM is
thought to result from an over expression of the NIReg, SOCS -1that inhibits STAT and
function as an immuno-modulatory molecule by blocking IFNf3 and CD40, with the down
regulation of both MHC I and II expression in GBM. However, the function role of the other
SOCS proteins (SCOCS- 3) in GBM remains to be clarified; in vitro SOCS -3 increases the IL-
10 mediated anti-inflammatory response and radio resistance, but therapeutic inhibition of
STATalso promotes microglial recognition of glioma cells (Baker et al., 2009).

Glioma cells express a limited range of TLR and application of various ligands including
LPS and Poly I; C did not have any therapeutic effect, probably due to the failure to
stimulate intra tumour Antigen Presenting Cells. (Grauner et al., 2008. However, the
injection of the TLRY ligand, CpG, an oligonucleotide, resulted in effective anti glioma
response with inhibition of local Tregs, together with an T effector cell mediated anti -
glioma respons. TLR9 is not present in host cells surrounding the glioma, providing an
explanation for the apparent failure of host cell to produce an effective T cell response
(Grauner et al., 2008). The intra tumour injection of ligands such as CpG to selectively
stimulate host expression of TLR is of potential therapeutic importance.

One further protective strategy employed by gliomas to evade imuno surveillance is the
expression of C regulator proteins. Activation of C pathway is potentially able to lyse
tumour cells, but several glioma cells lines have been shown to express complement
regulators CD59, CD55, CD46 and FH on their cell surface, preventing C attack and
generation of lytic MAC(Maenpaa A et al., 1996, Junnikkala S et al., 2000). One possible
therapeutic route is infact, the use of surface CD46, this Creg is very similar to the
adenovirus receptors (adenovirus serotype 3) and provides a target to deliver an adenovirus
containing anti- glioma therapy. (Ulasov et al 2006)

Outside the CNS, squamous cell carcinoma of the skin, leukaemias and myeloma cells up
regulate surface expression of the NIReg, CD200, and this inhibits local immune detection
promoting metastatic potential. After spreading to local lymph nodes, metastatic tumour
cells that are CD200+ interact with local CD200R+ myeloid drived cells such as
macrophages and potentially microglia, enhancing their survival, conversely loss of CD200
reduces metastatic tumour survival. The expression of CD200 is a property of the primary
tumour and this expression did not vary according the type of tissue infiltrated by
metastatic tumour (Stumpova et al., 2010).

10. Conclusion

The host inflammatory reaction is required to counter the detrimental effects of pathogen
invasion (encephalitis and meningitis) and the accumulation of amyloid, mutant prions
(neurodegenerative disease). One consequence of the host’s protective inflammatory
reaction is an inevitable amount of associated tissue injury. The detrimental effects of tissue
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injury have to be to be balanced against the, consequences of not removing a pathogen (or
clearing neurotoxic proteins), usually this leads to peristent inflammation preventing any
tissue repair. This balance between protective and destructive consquences is the so called
“double edged sword”effect, that accompanies brain inflammation (Wyss- Coray and
Mucke 2002). The role of the NIRegs is to modulate the level of the protective inflammatory
response, in order to provide the “appropriate amount “ of inflammation to allow the
efficent clearance of pathogens and neurotoxic proteins from the brain.

The immune response against “non self” (pathogens, neurotoxic protiens) must be critically
regulated in order to provide conditions of tissue repair without excessive destruction of “self
“or host cells. Self (host) must be distinguish from “ non -self “as defined by, pathogens
PAMPs, apoptotic cells ACAMPs and “danger proteins” (HMGB1, HSP and S100) classified as
(DAMPs). Non self (PAMPS, DAMPS), is detected by a range of intracellular and trans
membrane PRR (TLR, RIG, NDLR,) whereas the scavenger receptors CD14, CD36, C lectins
and TREM-2 provide a clerance pathway for apoptotic cells and neurotoxic proteins.
Activation of the complement pathway by pathogens and neurotoxic proteins (Fibrillary
Amyloid and mutant prion protein) results in MAC formation and anaphylotoxins C3a and
Cba, all promoting inflammation and tissue destruction. The C pathway also assists the SR
clear apoptotic cells through opsonins C3 and C4 localization on the surface of apoptotic cells.

To prevent excessive host tissue destruction, (NIRegs) must control the proinflammatory
response and efficiently clear apoptotic cells (non-phlogistic response), before they are able to
release neurotoxic enzymes to increase host tissue destruction. NIRegs, provide cell surface
signals (CD200, CD47, sialic acid, CD46,) to identify “self “ and through interaction with
counter receptors (CD200R, CD172a, FH, Siglecs, CD24 -Siglec,) utilizing ITAM /ITIM
pathways, inhibit microglial activation and phagocytosis of host cells. The C pathway is
regulated by a series of CRP also regarded as NIRegs, because they reduce C activation and
excessive host tissue destruction. The inhibiton of CRPs on tumour cells could provide a
mechanism to increase host anti -tumour cell lysis as well as providing receptors for the
delivery of viruses carrying anti glioma reagents. One emerging pathway controls, microglial
activation as the result of T cells expressing Sema 4D; inhibiton of this pathway resulted in a
down regulation of the severity of inflammation in MOG induced EAE. Similarly, the
contribution made by the SOCS family of intracellular proteins to regulating the innate
immune response in a diverse range of neuroinflammatory conditions requires clarification.

The therapeutic benefit of NIRegs is apparent, but to date, there is only limited evidence for
their influence in clinical examples of neuro-degneration and neuro-inflammation. CD200-
CD200R, CD47 and SOCS have been detected in MS tissue providing evidence for dys
regulation of the host inflammatory response. There is some experimental evidence to show
PAMPS and DAMPs can be distinguished by the host and DAMP initiated inflammation is
regulated by the emerging NIReg, CD24/Siglec, pathway. The cellular localization and
functional importance for each of the NIRegs is summarised in table 2.

It is highly likely the NIRegs provide a range of potentially important therapeutic reagents
that selectively regulate the host immune response and promote tissue repair in a variety of
brain infections (viral and bacterial), neurodegerative diseases and neoplasia. The
opportunity presented by the NIRegs as the means to selectively regulate the CNS immune
response to a wide range of pathogens and neurotoxic proteins should be exploited as a
matter of some importance.
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Pattern Ligand detected  |PRR and CNS cell |[Function Host Innate immune
Recognition expression response
Receptor
PRR
TLR2 Bacterial cell wall |Microglia Microglia increased pro
peptidoglycan Astrocytes Form hetero dimres  |inflammatory cytokines
Zymosan (Fungi) with TLR-1 to detect |Phagocytosis
Haemagluttin Choroid plexus |Gram neg ative
(Measles virus) bacteria
Co operates with
Dectin -1to detect
fungi
TLR3 ds RNA Neurons Microglial IFNB TNFa
microglia West Nile Virus IL-6
astrocytes
oligodendroglia |Detect necrosisand  |Systemic cytokines and
danger signals BBB receptor
(HMGB, HSP)
Bacteria Microglia, Cooperates with Microglia and astrocyte
Lipopolysacahride |astrocytes CD36, CD14 and DC- |inflammatory cytokines
TLR4 LPS ependyma SIGN to detect fungi |phagocytosis of
and Streptococcus apoptotic cells
phneumonia
Choroid plexus
TLR 5 Flagellin, bacterial
protein Macrophage
TLR7 ssRNA Microglia, Astrocytes increased
astrocytes Influenza A TNFo IFNB MCP-1
ependyma,
neurons Detect necrosis and
“danger signal
“HMGB, HSP
TLR8 ssRNA Neurons Astrocytes increased
RNA viruses TNF o, IFNS,
MCP-1
TLR9 CpG DNA Microglia, Microglia express TNFa,
astrocytes Detect necrosis and IL-12, NO
“danger signals”
HMBG-1 HMBG-1 /RAGE
detected by TLR-9
TLR11 Profilin, bacterial |Genitourinary Detects Toxoplasmosis |Inflammatory cytokines
protein Neurons Neurocysticerosis
RIG-1 Short dsRNA Microglia, Japanese encephalitis |Astrocytes express IFNB,
astrocytes virus IL-6, IL-8 RANTES
Influenza A, Ebola
virus
MDA-5 Long dsRNA Microglia ?Nipah virus, polio  |Microglia express IFNB
astrocytes virus,
NOD like Bacterial cell wall Listeria bacillius Shigella
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Receptors ?Microglia, Flexneri
NOD-1 and astrocytes Helicobacter pylori
NOD-2 Mycobacterium
tuberculosis
NLR -3 ?in CNS Bacteria Inflammasome(NLR
(NLP-3) Bacterial cell wall ASC, procaspase -1) is
peptidglycan Viruses engaged to produce
inflammatory cytokines
peptidoglycan Crohn’s disease
and virus proteins

Table 1. Shows the individual ligands detected by TLR and Non- TLR (R LR MDA and
NLR), Pattern Recognition Receptors PRR in the CNS. The cellular distribution of each of
these receptors in the CNS is provided together with their contribution to host CNS innate
immune system in response to pathogens(PAMPS and danger signals (DAMPS).

Neuroimmuoregulatory [NIReg- Cell -cell |Mechanism of Human disease
(NIReg) receptor/ligand interaction [immune
regulation
CD200 CD200R Astrocyte - |Reduce Alzheimer’s (AD)
Astrocyte microglia microglia  |phagocytosis Multiple sclerosis (MS)
CD47 CD172a Astrocyte - |Reduce Multiple sclerosis
Astrocyte myeloid cells microglia  |phagocytosis and
Endothelium neuron microglia cytokine
expression
Complement regulators Reduce C Neurodegenerative
FH, CD46, CD55, CD59 |Sialic acid activation disease
Complement Astrocytes AD
C4bp proteins Huntington’s disease
Microglia
CD46 (MCP) Inhibits complement
CD55(DAF) Neurons regulation of glioma
lysis
Siglecs Sialic acid
CD33 family Bacterial infection;
Siglec 10 Detect absence of |NK cells Reduces bacteria mimic sialic
Siglec 11 sialic acids Microglia  |inflammation acids to become “ self “
” non self” ITIM pathway
DAMPs microglia  |Binds with SHP - |Reduces DAMP
CD24 -Siglec 10 pathway stemcells |1, this complex  |associated
HMGB-1 inhibits DAMPS  |inflammation
activation of NF- |Polymorphisms in
kB CD24 associated with
autoimmune disease
Suppressor of cytokine
synthesis Inhibits IFN and IL Blocks JAK/STAT |Glioblastoma SOCS
SOCS1 SOCS3 cytokine Microglia  |cytokine pathway |increased
stimulation of astrocytes
cytokine expression |neurons SOCS reduced in
relapsed MS
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Thrombomodulin CD141 | HMBG1/ DAMPS |Microglia  |Blocks HMBG
binding to RAGE
and TLR
activation
Semaphorin CD72on T cells T cell with  |Blocks ITIM Sema4D deficiency
SEMA4 microglia  |increases cytokine [reduced EAE severity
Plexin B1 on expression
microglia

Table 2. The potential of NIRegs and their cellular localization, ligands and mechanism
whereby they produce immuno regulation. In the final column there is information relating
to their contribution to infection, neurodegeneration and neuro inflammation as well as
neoplasia, in the human CNS.

11. References

Abbot, NJ. Morphology of non mammalian glial cells; functional implications. Chapter 4. in
Neuroglia ed Kettleman H, Ransom BR. Oxford University Press 1995

Abeyama, K, D. M Stren, Y Ito, K Kawahara, Y. Yoshimoto, M. Tanka, T. Uchmura, N. Ida,
Y. Yamakazi, S. Ymada, Y. Yamamoto, H. Yamamoto, S, lino, N Taniguchi I
Maruyama. 2005. The terminal domain of thrombomodulin sequesters high
mobility group B-1 protein, a novel anit inflammatory mechanism. J Clin. Invest.
115: 1267-1274.

Akira, S, S. Uematsu, O. Takeuchi. 2006. Pathogen recognition and innate immunity. Cell
124: 783-801.

Akiyma, H, Mc Geer. 1990. Brain microglia constitutively express beta -2 integrins. ]
Neuroimmunology. ; 39: 81-93.

Alexopoulou, L., A. C. Holt, R. Medzhitov, and R. A. Flavell. 2001. Recognition of double-
stranded RNA and activation of NF-kappaB by Toll- like receptor 3. Nature 413:
732-738. 39.

Alarcon R, C. Fuenzalida, M. Santibanez, and R von Bernardi. 2005. Expression of scavenger
receptors in glial cells. Comparing the adhesion of astrocytes and microglia from
neonatal rats to surface bound beta amyloid. ] Biol Chem. ; 280: 30406- 30415.

Alvarez, C, , F. Lasala, J. Carrillo, O. Munz, A. L. Corbi and R. Delgado. 2002. C Type le
ctins DC In-SIGN and L-SIGN mediate cellular entry y Ebola virus in cis and trans. ]
Virol 76 (13); 6841-6844.

Angata, T., S. C. Kerr, D. R. Greaves, N. M. Varki, P. R. Crocker, and A. Varki. 2002. Cloning
and characterization of human Siglec-11. A recently evolved signaling that can
interact with SHP-1 and SHP-2 and is expressed by tissue macrophages, including
brain microglia. ] Biol Chem 277: 24466-24474.

Babcock, A. A., M. Wirenfeldt, T. Holm, H. H. Nielsen, L. Dissing-Olesen, H. Toft-Hansen, J.
M. Millward, R. Landmann, S. Rivest, B. Finsen, and T. Owens. 2006. Toll-like
receptor 2 signaling in response to brain injury: an innate bridge to
neuroinflammation. ] Neurosci 26: 12826-12837

Baker, B. J. L. Nowoslawski -Akhtar and E. N. Benveniste. 2009. SOCS1 and SOCS3 in the
control of CNS immunity. TIMS 30 (8): 392-400

www.intechopen.com



226 Recent Advances in Immunology to Target Cancer, Inflammation and Infections

Bamberger, M. E., M. E. Harris, D. R. McDonald, J. Husemann, and G. E. Landreth. 2003. A
cell surface receptor complex for fibrillar beta-amyloid mediates microglial
activation. ] Neurosci 23: 2665-2674.

Barclay, A. N., G. J. Wright, G. Brooke, and M. H. Brown. 2002. CD200 and membrane
protein E interactions in the control of myeloid cells. Trends in Immunology 23:
285-290.

Bianchi, M. E, 2007. DAMPSs, PAMPS and alarmins: all we need to know about danger.
Journ Leukocyte Biology 81: 1-5.

Botto, M, E. M. Dell, “Angnola EM, Golay ], et al. 1998. Homozygous Clq deficiency causes
glomerulonephritis associated with multiple apoptotic bodies. Nat Genetics. 19:
1956-59

Bowman, C. C., A. Rasley, S. L. Tranguch, and I. Marriott. 2003. Cultured astrocytes express
toll-like receptors for bacterial products. Glia 43: 281-291.

Bsibsi, M., R. Ravid, D. Gveric, and ]J. M. van Noort. 2002. Broad expression of Toll-like
receptors in the human central nervous system. Journal of Neuropathology and
Experimental Neurology 61: 1013-1021.

Broderick, C., R. M. Hoek, J. V. Forrester, J. Liversidge, ]J. Sedgwick, A. D. Dick. 2002.
Constitutive retinal expression of CD200 regulates resident microglial and
activation state of inflammatory cells during experimental autoimmune
uveoretinitis Am ] Path 1612: 1669-1677.

Brown, E. J., and W. A. Frazier. 2001. Integrin-associated protein (CD47) and its ligands. 11:
130-135.

Brown, G. 2006 Dectin -1 a signaling non TLR pattern recognition receptor. Nature Rev
Immunol 6: 33-43.

Bsibsi, M., C. Persoon-Deen, R. W. Verwer, S. Meeuwsen, R. Ravid, and J. M. Van Noort.
2006. Toll-like receptor 3 on adult human astrocytes triggers production of neuron
protective mediators. Glia 53: 688-695.

Brantley, E. C, and E. N. Benveniste, 2008. Signal transducer and activator of transcription -
3: a molecular hub for signaling pathways in gliomas. Mol Cancer Res: 6(5): 675-684

Bu, G., J. Cam, and C. Zerbinatti. 2006. LRP in amyloid-beta production and metabolism.
Ann N Y Acad. Sci. 1086: 35-53.

Burudi, E. M, P. D Stahl and A. Regnier-Vigouroux. 1999. Identification and functional
characterization of the mannose receptor in astrocytes. Glia 25: 44-55.

Butchi, N. B., S. Pourciau, M. Du, T. W. Morgan, and K. E. Peterson. 2008. Analysis of the
neuroinflammatory response to TLR7 stimulation in the brain: comparison of
multiple TLR7 and/or TLR8 agonists. ] Immunol 180: 7604-7612.

Cambi, A., M. Koopman, C. G Figdor. 2005. C type lectins detect pathogens. Cell Microbiol
7(4): 481-488.

Cameron, J. S, L. Alexopoulou, J. A. Sloane, A. B. DiBernardo, Y. Ma, B. Kosaras, R. Flavell,
S. M. Strittmatter, J. Volpe, R. Sidman, and T. Vartanian. 2007. Toll-like receptor 3 is
a potent negative regulator of axonal growth in mammals. ] Neurosci 27: 13033-
13041.

www.intechopen.com



The CNS Innate Immune System and the Emerging Roles of the
Neuroimmune Regulators (NIRegs) in Response to Infection, Neoplasia and Neurodegeneration 227

Canova, C., J]. W. Neal, and P. Gasque. 2006. Expression of innate immune complement
regulators on brain epithelial cells during human bacterial meningitis. ]
Neuroinflammation 3: 22.

Cao, H, and P. R. Crocker. 2010. Evolution of CD33 -related siglecs: regulating host immune
functions and escaping pathogen exploitation. Immunology 132: 18-26.

Carpentier, P. A., W. S. Begolka, J. K. Olson, A. Elhofy, W. ]J. Karpus, and S. D. Miller. 2005.
Differential activation of astrocytes by innate and adaptive immune stimuli. Glia
49: 360-374.

Carpentier, P. A., D. S. Duncan, and S. D. Miller. 2008. Glial toll-like receptor signaling in
central nervous system infection and autoimmunity.

Carpentier, P. A, B. R. Williams, and S. D. Miller. 2007. Distinct roles of protein kinase R
and toll-like receptor 3 in the activation of astrocytes by viral stimuli. Glia 55: 239-
252.

Castiglioni, A, V Canti, P. Rovere-Queriniand, A. A, Manfredi. 2011. High mobility box
1(HGBM1) as a master regulator of innate immunity. Cell Tis Res 343: 189-199.

Cavassani, K. A., M. Ishii, H. Wen, M. A. Schaller, P. M. Lincoln, N. W. Lukacs, C. M.
Hogaboam, and S. L. Kunkel. 2008. TLR3 is an endogenous sensor of tissue necrosis
during acute inflammatory events. ] Exp Med 205: 2609-2621.

Chan A, T. Magus, and R Gold R. 2001. Phagocytosis of apoptotic inflammatory cells by
microglia and modulation by different cytokines; mechanism for removal of
apoptotic cells in the inflamed nervous system. Glia; 33: 87-95.

Chang G, N. M. Barbaro, R. O Pieper. 2002. Phosphatidylserine- dependent phagocytosis of
cells by normal human microglia, astrocytes and glioma cells. Neuro oncol 2002; 3:
174-183.

Chauhan, V. S, D. G. Sterka, Jr., S. R. Furr, A. B. Young, and I. Marriott. 2009. NOD2 plays
an important role in the inflammatory responses of microglia and astrocytes to
bacterial CNS pathogens. Glia 57: 414-423.

Chen, GY, ] Tang P, L Zheng, Y Liu. 2009. CD24 and siglec 10 selectively repress tissue
damage- induced immune responses. Science 323: 1722-1725.

Chen, K., P. Iribarren, J. Hu, ]J. Chen, W. Gong, E. H. Cho, S. Lockett, N. M. Dunlop, and J.
M. Wang. 2006. Activation of Toll-like receptor 2 on microglia promotes cell uptake
of Alzheimer disease-associated amyloid beta peptide. ] Biol Chem 281: 3651-3659.

Colonna, M, . 2003. TREMs in the immune system and beyond. Nat Rev Immunol 6: 445-453.

Coraci, I. S, H. J., Berman, J. W, Hulette, C. Dufour, ]J. H. Campanella, G. K, Luster, AD,
Silverstein, J. B. El Khoury. 2002. CD36, a Class B Scavenger Receptor, is expressed
on Microglia in Alzheimer’s disease brains and can mediate production of reactive
oxygen species in response to beta-amyloid fibrils. Am J Pathol 160: 101-112.

Creagh, E. M, L. A. ] O’'NEIL. 2006. TLRs, NLRs and RLRs; a trinity of pathogen sensors that
cooperate in innate immunity. Trends in Immunology 277: 352-357.

Crocker, P. R, A. Varki. 2001. Siglecs, sialic acids and innate immunity Trends in
Immunology 22 6: 337-342.

Crocker, P. R, J. C. Paulson and A. Varki. 2007. Siglecsand their roles in the immune system.
Nature reviews in Immunol; 7 255-266

www.intechopen.com



228 Recent Advances in Immunology to Target Cancer, Inflammation and Infections

Daffis, S., M. A. Samuel, M. S. Suthar, M. Gale, Jr.,, and M. S. Diamond. 2008. Toll-like
receptor 3 has a protective role against West Nile virus infection. ] Virol 82: 10349-
10358.

Dean, Y D, McGreal EP, Akatsu H, et al. Molecular and cellular properties of the rat AA4
antigen, a C type lectin -like receptor with structural homolgy to thrombomodulin.
J Biol Chem 2000; 275: 34382 -34392

Delputte, P. L, H. Van Gorp, H. W. Favoreel, I. Hoebeke, 1. Delrule, H. Dewerchin, , F
Verdnock, B. Verhasselt, E. Cox, H. J. Nauwynck. 2011 Porcine Siaoladhesin (CD
169/Siglec -1) is an endocytic receptor that allows targeted delivery of toxins and
antigens to macrophages PLos ONE 6: e1682

De Simoni, M. G., E. Rossi, C. Storini, S. Pizzimenti, C. Echart, and L. Bergamaschini. 2004.
The powerful neuron protective action of Cl-inhibitor on brain ischemia-
reperfusion injury does not require Clq. Am ] Pathol 164: 1857-1863.

de Vries, H. E,, J. ]. Hendriks, H. Honing, C. R. De Lavalette, S. M. van der Pol, E. Hooijberg,
C. D. Dijkstra, and T. K. van den Berg. 2002. Signal-regulatory protein alpha-CD47
interactions are required for the transmigration of monocytes across cerebral
endothelium. ] Immunol 168: 5832-5839.

Ehlers, M. R. 2000. CR3: a general purpose adhesion-recognition receptor essential for innate
immunity. Microbes Infect 2: 289-294.

Eikelenboom, P., C. Bate, W. A. Van Gool, J. J. Hoozemans, J. M. Rozemuller, R. Veerhuis,
and A. Williams. 2002. Neuroinflammation in Alzheimer’s disease and prion
disease. Glia 40: 232-239.

El Khoury, J. B., K. J. Moore, T. K. Means, J. Leung, K. Terada, M. Toft, M. W. Freeman, and
A. D. Luster. 2003. CD36 mediates the innate host response to beta-amyloid. ] Exp
Med 197: 1657-1666.

Elward, K., and P. Gasque. 2003. “Eat me” and “don’t eat me” signals govern the innate
immune response and tissue repair in the CNS: emphasis on the critical role of the
complement system. Mol Immunol 40: 85-94.

Elward, K., M. Griffiths, M. Mizuno, C. L. Harris, ]. W. Neal, B. P. Morgan, and P. Gasque.
2005. CD46 plays a key role in tailoring innate immune recognition of apoptotic
and necrotic cells. ] Biol Chem 280: 36342-36354.

Endo, Y, M., Takahashi, T. Fujita. 2006. Lectin complement system and pattern recognition.
Immunobiology 211(4): 283-293.

Fadok, V. A, B. D. L. Rose, D. M, Pearson, A. B Ezekewitz, P. M. Henson. 2000. A receptor
for phosphatidylserine specific clearance of apoptotic cells. Nature 405: 85-90.

Fadok, V. A, W. M. Bratton, P. M. Henson PM. 1998. CD36 is required for phagocytosis of
apoptotic cells by human macrophages that use either a phosphatidylserine
receptor or the vitronectin receptor (alpha v beta 3). ] Immunol 161: 6350-6357.

Fang F, L. F. Lue, S. Yan, H. Xu, J. S. Luddy, D. Chen, D. GWalkr D. M. Stern, S. Yan, A. N.
Schmidt, J. X. Chen and S. S. Yan. 2010. RAGE- dependent signaling in microglia
contributes to neuroinflammation, A beta accumulation, and impaired learning
memory in a mouse model of Alzheimer’s disease Faseb 4: 1043-105

www.intechopen.com



The CNS Innate Immune System and the Emerging Roles of the
Neuroimmune Regulators (NIRegs) in Response to Infection, Neoplasia and Neurodegeneration 229

Farina, C., M. Krumbholz, T. Giese, G. Hartmann, F. Aloisi, and E. Meinl. 2005. Preferential
expression and function of Toll-like receptor 3 in human astrocytes. ]
Neuroimmunol 159: 12-19.

Fassbender, K., S. Walter, S. Kuhl, R. Landmann, K. Ishii, T. Bertsch, A. K. Stalder, F.
Muehlhauser, Y. Liu, A. J. Ulmer, S. Rivest, A. Lentschat, E. Gulbins, M. Jucker, M.
Staufenbiel, K. Brechtel, J]. Walter, G. Multhaup, B. Penke, Y. Adachi, T. Hartmann,
and K. Beyreuther. 2004. The LPS receptor (CD14) links innate immunity with
Alzheimer’s disease. Faseb ] 18: 203-205.

Foell, D., H. Wittkowski, T. Vogl, and J. Roth. 2007. S100 proteins expressed in phagocytes: a
novel group of damage-associated molecular pattern molecules. ] Leukoc Biol 81:
28-37.

Fujita, T., K. Onoguchi, K. Onomoto, R. Hirai, and M. Yoneyama. 2007. Triggering antiviral
response by RIG-I-related RNA helicases. Biochimie 89: 754-760.

Furr, S. R, V. S. Chauhan, D. Sterka Jr, V. Grdzelishvilli and I Marriot. 2008. Characterization
of retinoic acid-inducible gene-I expression in primary murine glia following
exposure to vesicular stomatitis virus. ] Neurovirol; : 1-11.

Gardai, S, D. L. Bratton, C. AOgden, P. M. Henson. 2006. Recognition ligands on apoptotic
cells; a perspective. ] Leukco Biol 2006; 79: 896-903

Gardai, S. J., K. A. McPhillips, S. C. Frasch, W. J. Janssen, A. Starefeldt, J. E. Murphy-Ullrich,
D. L. Bratton, P. A. Oldenborg, M. Michalak, and P. M. Henson. 2005. Cell-surface
calreticulin initiates clearance of viable or apoptotic cells through trans-activation
of LRP on the phagocyte. Cell 123: 321-334.

Garner, O. B, HC Aguilar JA, Fulcher, EL, Levroney R, Harrison, L. L. Wright, V Robinson,
Aspericueta, M Panico, SM Hasalam, HR Morris A Dell, B. Lee and L. G. Baum
2010. Endothelial galectin -1 binds to specific glycans on nipah virus fusion protein
and inhibits maturation mobility and functions to block syncytia formation. PloS
Pathog; 15; 6 €10000993

Gasque, P. 2004. Complement: a unique innate immune sensor for danger signals. Mol
Immunol 41: 1089-1098.

Gasque, P., Y. D. Dean, E. P. McGreal, J. VanBeek, and B. P. Morgan. 2000. Complement
components of the innate immune system in health and disease in the CNS.
Immunopharmacology 49: 171-186. 56.

Geijtenbeek, T. B., and S. I. Gringhuis. 2009. Signalling through C-type lectin receptors:
shaping immune responses. Nat Rev Immunol 9: 465-47

Golpon, H,A.V.AFadok. LTaraseviciene. -Stewart 2004 Life after corpse engulfment,
phagocytosis of apoptotic cells leads to VEGF secretionand cell growth Faseb 18;
1716-1718

Gregory, C. D. 2000. CD14 dependent clearance of apoptotic cells: relevance to the immune
system. Current Opinions in Immunology 12: 27-34.

Gregory, C. D., and A. Devitt. 2004. The macrophage and the apoptotic cell: an innate
immune interaction viewed simplistically? Immunology 113: 1-14.

Greter, M, Heppner FL, Lemos MP, Odermatt BM, Goebels N, Laufer T, et al. 2005 Dendritic
cells permit immune invasion of the CNS in an animal model of multiple sclerosis.
Nature Medicine; 11: 328-334

www.intechopen.com



230 Recent Advances in Immunology to Target Cancer, Inflammation and Infections

Griffin, D. E. 2003. Immune responses to RN A-virus infections ofthe CNS. Nat Rev Immunol
3:493-502.

Griffiths, M. R, , J. W. Neal, P. Gasque. 2007. Innate immunity and protective
neuroninflammation new emphasis on the role of neuroimmune regulatory
proteins. Int Rev Neurobiol 82: 29-55

Griffiths, M. R., P. Gasque, and J. W. Neal. 2009. The multiple roles of the innate immune
system in the regulation of apoptosis and inflammation in the brain. ] Neuropathol
Exp Neurol 68: 217-226.

Griffiths, M. R, J. W. Neal, M. Fontaine, T. Das, P. Gasque. 2009. Complement factor H, a
marker of self protects against experimental autoimmune encephalomyelitis. ]
Immunol. 182: 4368-4377.

Grauer, OM, JW Molling, E. Bennink, L. W. ] Toonen, R. M. P Sutmuller, S. Nierkens and G.
J, Adema, 2008. TLR Ligands in the local treatment of established murine gliomas.
J1181: 6720-6729.

Halle, A., V. Hornung, G. C. Petzold, C. R. Stewart, B. G. Monks, T. Reinheckel, K. A.
Fitzgerald, E. Latz, K. ]J. Moore, and D. T. Golenbock. 2008. The NALP3
inflammasome is involved in the innate immune response to amyloid-beta. Nat
Immunol 9: 857-865.

Hanayama, R., M. Tanaka, K. Miwa, A. Shinohara, A. Iwamatsu, and S. Nagata. 2002.
Identification of a factor that links apoptotic cells to phagocytes. Nature 417: 182-
187.

Hamann, J., B. Vogel, G. M. van Schijndel, and R. A. van Lier. 1996. The seven-span
transmembrane receptor CD97 has a cellular ligand (CD55, DAF). ] Exp Med 184:
1185-1189.

Hauwel, M., E. Furon, C. Canova, M. R. Griffiths, ]. W. Neal, and P. Gasque. 2005. Innate
(inherent) control of brain infection, brain inflammation and brain repair: the role
of microglia, astrocytes, “protective” glial stem cells and stromal ependymal cells.
Brain Res Brain Res Rev 48: 220-233.

Helmy, K. Y., K. J. Katschke, Jr., N. N. Gorgani, N. M. Kljavin, J. M. Elliott, L. Diehl, S. J.
Scales, N. Ghilardi, and M. van Lookeren Campagne. 2006. CRIg: a macrophage
complement receptor required for phagocytosis of circulating pathogens. Cell 124:
915-927

Herz, J., and D. K. Strickland. 2001. LRP: a multifunctional scavenger and signaling receptor.
J Clin Invest 108: 779-784.

Hoek RM, R. S., Murphy CA, Wright GJ, Goddard R, Zurawski SM, Blom B, Homola ME,
Streit WJ, Brown MH, Barclay AN, Sedgwick JD. 2000. Down-regulation of the
Macrophage Lineage Through Interaction with OX2 (CD200). Science 290: 1768.

Hoffman PR de Cathelineau AN Ogden CA et al, et al 2001. Phosphatidyl serine(PS)
inducesPS receptor mediated macropinocytosis and promoted clearance of
apoptotic cells. J Cell Biol; 155: 649-660

Hoarau, J. J, . Krejbich-Troto, M. C. Jaffar -Bandjee, T. Das, V. Thon-Hon, S. Kumar J. W.
Neal, P. Gasque. 2011 The natural healing properties of innate immune receptors
and neuroimmune regulatory proteins (NIRegs) in the CNS. CNS Drug Targets
10(1): 25-43

www.intechopen.com



The CNS Innate Immune System and the Emerging Roles of the
Neuroimmune Regulators (NIRegs) in Response to Infection, Neoplasia and Neurodegeneration 231

Husemann, J., J. D. Loike, R. Anankov, M. Febbraio, and S. C. Silverstein. 2002. Scavenger
receptors in neurobiology and neuropathology: their role on microglia and other
cells of the nervous system. Glia 40: 195-205.

Hussain, S. F, D. Yeng, D. Suki, K. Aldape, A. B Heimberger. 2006. The role of human
glioma infiltrating microglia/macrophages in mediating antitumour -immune
resonse. Neuro Oncol 8 (3) 261-279

Iwasski A, Medzhitov 2010 Regulation of adaptive immunity by the innate system Science
327: 291-295.

Jack, C.S., N. Arbour, J. Manusow, V. Montgrain, M. Blain, E. McCrea, A. ShapiJack and J. P.
Antel. 2005. TLR signaling tailors innate immune responses in human microglia
and astrocytes. ] Immunol 175: 4320-4330.

Jackson, A. C., ]J. P. Rossiter, and M. Lafon. 2006. Expression of Toll-like receptor 3 in the
human cerebellar cortex in rabies, herpes simplex encephalitis, and other
neurological diseases. ] Neurovirol 12: 229-234.

Jana, M., C. A. Palencia, and K. Pahan. 2008. Fibrillar amyloid-beta peptides activate
microglia via TLR2: implications for Alzheimer’s disease. ] Immunol 181: 7254-
7262.

Janeway, Jr, CA 1992 The immune system evolved to discriminate infectious nonself from
non infectious self. Immunol Today; 13: 11-16.

Ji- X, Gg. Olinger, S. Aris, Y. Chen, H. Gewurz, and G. T. Spear. 2005 Mannose binding lectin
binds to Ebola and Marburg envelope glycoproteins resulting in blocking of virus
interaction with DC-SIGN and complement -mediated virus neutralization. ] Gen
Virol; 86: 2535-2542.

Jin, J.J., H. D. Kim, J. A. Maxwell, L. Li, and K. Fukuchi. 2008. Toll-like receptor 4-dependent
upregulation of cytokines in a transgenic mouse model of Alzheimer’s disease. ]
Neuroinflammation 5: 23.

Jones, C., M. Virji, and P. R. Crocker. 2003. Recognition of sialylated meningococcal
lipopolysaccharide by siglecs expressed on myeloid cells leads to enhanced
bacterial uptake. Mol Microbiol 49: 1213-1225.

Joubert ,RS Kuchler,]. Zanetta P. Bladier ,D V Avellana-Adalid V M Caron M, Doinel C,
CVincedon -galactoside binding lectin in. 1989. Immunohistochemical localization
of a rat central nervous system 1. Light -and electron microscopical studies on
developing cerebral cortex and corpus callosum. Dev Neuroci 1989 11: 397-413.

Karaparakis, M, D. ], Philpott, and R. L. Ferrero. 2007 Mammalian NLR proteins;
discriminating foe from friend. Immuno Cell Biol 85(6): 495-502.

Kato, H, O. Takeguchi and S. Sato et al Differential roles of MDAS5 and RIG-1 helicases in the
recognition of RNA viruses. Nature: 441: 101-105.

Katze, M. G., Y. He, and M. Gale, Jr. 2002. Viruses and interferon: a fight for supremacy. Nat
Rev Immunol 2: 675-687.

Kawai, T, S. Akira. 2010. The role of pattern - recognition receptors in innate immunity
Update on Toll-like receptors. Nat Immunol 11: 373-384.

Kim, S. ], D. Gershov, X. Ma, N. Brot, and K. B. Elkon. 2002. I PLA -2 activation during
apoptosis promotes the exposure of membrane lysophosphatidylcholine leading to

www.intechopen.com



232 Recent Advances in Immunology to Target Cancer, Inflammation and Infections

binding by natural immunoglobulin M antibodies and complement activation. ]
Exp Med; 196: 655-665.

Kleene, R, H. Yang, M. Kutscheand, M. Schachner. 2001The neural recognition molecule is a
sialic binding lectin for CD24, which induces promotion and inhibition of neurite
outgrowth. ] Biol Chem 276: 21656-21663.

Klune, J. R, R. Dhupar, J. Cardinal, T. R Billiar and A. Tsung. 2008. HMGB-1: Endogenous
Danger signalling. Mol Med 14: 476-484

Koning N, D. F. Swab, R. M Hoek, I. Huitinga. 2009. Distribution of the immune inhibitory
molecules CD200 and CD200Rin the normal central nervous system and multiple
scelrosis lesions suggests neuron-glia and glia glia interactions. ] Neuropath Exp
Neurol 68(2): 159-167

Koning, N., L. Bo, R. Hoek, . 2007. Down regulation of macrophage inhibitory molecules in
Multiple sclerosis lesions. Ann Neurol; 62: 504 -514

van Kooyk, Y. and, T. B. H Geijenbeek. 2003. DC-SIGN: escape mechanism for pathogens.
Nature Rev Immunol 3: 697-709

Korb, L. C, and ]J. M. Ahearn. 1997. Clq binds directly and specifically to surface blebs of
apoptotic human keratinocytes: complement deficiency and systemic lupus
erythematosus revisited. ] Immunol 158: 4525-4528.

Kovacs, G. G, P. Gasque, T. Strobel, E. Lindeck-Pozza, M. Strohschneider, J]. W. Ironside, H.
Budka, and M. Guentchev. 2004. Complement activation in human prion disease.
Neurobiol Dis 15: 21-28.

Krysko, D. V, P Agostinis, O. Krysko, A. D. Garg C. Bachert, B. N Lanbrecht and P.
Vanenabeele. 2011. Emerging role of damage-associated molecular patterns derived
from mitochondria in inflammation. Trends in Immunol 32: 157-164.

Kumar, H, Kawai T and S Akira 2011 Pathogen Recognition by The Innate Immune system.
International reviews of Immunology 30: 16-42

Kuraya, M., M. Matsushita, Y Endo, etal. 2003Expression of H-ficoline / Hahkata antigen
mannose, binding lectin associated serine protease (MASP-1) and MASP3 by
human glioma cell line T98G. Int Immunol; 15: 109-117

Laflamme, N., and S. Rivest. 2001. Toll-like receptor 4: the missing link of the cerebral innate
immune response triggered by circulating gram-negative bacterial cell wall
components. Faseb J 15: 155-163.

Laflamme, N., G. Soucy, and S. Rivest. 2001. Circulating cell wall components derived from
gram-negative, not gram-positive, bacteria cause a profound induction of the gene-
encoding Toll-like receptor 2 in the CNS. ] Neurochem 79: 648-657.

Laflamme, N., H. Echchannaoui, R. Landmann, and S. Rivest. 2003. Cooperation between
toll-like receptor 2 and 4 in the brain of mice challenged with cell wall components
derived from gram-negative and gram-positive bacteria. Eur ] Immunol 33: 1127-
1138.

le Cabec, . V, L. ]. Emorine, I. Toesca, C. Cougoule, I. Maridonneau-Parini. 2005. The human
macrophage mannose receptor is not a professional phagocytic receptor. 77: 934-
943

www.intechopen.com



The CNS Innate Immune System and the Emerging Roles of the
Neuroimmune Regulators (NIRegs) in Response to Infection, Neoplasia and Neurodegeneration 233

Leonardi-Essmann, F., M. Emig, Y. Kitamura, R. Spanagel, and P. ]. Gebicke-Haerter. 2005.
Fractalkine-up regulated milk-fat globule EGF factor-8 protein in cultured rat
microglia. ] Neuroimmunol 160: 92-101

Lamy L, Foussat A, Brown EJ, et al. Interactions between CD47 and thrombospondin reduce
inflammation. ] Immunol 2007; 178: 5930 -5939

Landreth, G. E., and E. G. Reed-Geaghan. 2009. Toll-like receptors in Alzheimer’s disease.
Curr Top Microbiol Immunol 336: 137-153

Lehnardt, S., L. Massillon, P. Follett, F. E. Jensen, R. Ratan, P. A. Rosenberg, J. ]. Volpe, and
T. Vartanian. 2003. Activation of innate immunity in the CNS triggers
neurodegeneration through a Toll-like receptor 4-dependent pathway. Proc Natl
Acad Sci U S A 100: 8514-8519.

Lemke, G, . C. V Rothlin. Immunobiology of the TAM receptor. 2008. Nat Rev Immunol
8(5)327-336.

Linehan, SA, L. Martinez -Pomares, P. G Stahl, and S. Gordon. 1999. Mannose receptor and
its putative ligand in normal murine lymphoid and non lymphoid organs; In situ
expression of mannose receptor by selected macrophages, endothelial cells
perivascular microglia and mesangial cells, but not dendritic cells. ] Exp Med 1999;
189: 1961-1972.

Linnartz, B., Y Wang, and H Neumann. 2010. Microglial Immuno receptor Tyrosine -Based
activation and Inhibition motif signalling in Neuro inflammtion. International
Journal of Alzheimer’s disease 10. 4061/2010/587463.

Liu, Y, GY, Chen and P Zheng. 2009. CD24-siglec G/10 discriminates danger from pathogen
associated molecular patterns. Trends in Immunol 12: 557-561.

Lo MK, MillerD, Aljofan M, Mungall BA, Rollin PE, Bellini W] PE Rota 2010
Characterization of the antiviral and inflammatory responses against Nipah virus
in endothelial cells and neurons. Virology; 404(1): 78-88

Lock, K., J. Zhang, ]J. Lu, S. H. Lee, and P. R. Crocker. 2004. Expression of CD33-related
siglecs on human mononuclear phagocytes, monocyte-derived dendritic cells and
plasmacytoid dendritic cells. Immunobiology 209: 199-207.

Lotze, M. T., and K. J. Tracey. 2005. High-mobility group box 1 protein (HMGB1): nuclear
weapon in the immune arsenal. Nat Rev Immunol 5: 331-342.

Lowenstein, PR 2002 Immunology of viral-vector-mediated gene transfer into the brain: an
evolutionary developmental perspective. Trends in Immunology 23: 23-3012.

Lyons A, E] Downer SCrotty, YM Nolan: KHMills MA Lynch 2007 CD200 ligand receptor
interaction modulates microglial activation in vivo and in vitro: a role for IL-4. ]
Neurosci 27: 830-8313

Lu, J., C. Teh, U. Kishore, and K. B. Reid. 2002. Collectins and ficolins: sugar pattern
recognition molecules of the mammalian innate immune system. Biochim Biophys
Acta 1572: 387-400.

Ma, Y., J. Li, I. Chiu, Y. Wang, J. A. Sloane, ]J. Lu, B. Kosaras, R. L. Sidman, J. J. Volpe, and T.
Vartanian. 2006. Toll-like receptor 8 functions as a negative regulator of neurite
outgrowth and inducer of neuronal apoptosis. ] Cell Biol 175: 209-215.

www.intechopen.com



234 Recent Advances in Immunology to Target Cancer, Inflammation and Infections

Magnus. T. C, O. Grauer, K. V. Toyka, RGold. 2001. Microglial phagocytosis of apoptotic
inflammatory T cells leads to down regulation of microglial immune activation. J
Immunol; 167; 5004-10.

Martino, G., R. Furlan, G. Comi, and L. Adorini. 2001. The ependymal route to the CNS: an
emerging gene-therapy approach for MS. Trends Immunol 22: 483-490.

McGeer, P. L., H. Akiyama, S. Itagaki, and E. G. McGeer. 1989. Activation of the classical
complement pathway in brain tissue of Alzheimer patients. Neurosci Lett 107: 341-
346.

McKimmie, C. S., D. Roy, T. Forster, and ]. K. Fazakerley. 2006. Innate immune response
gene expression profiles of N9 microglia are pathogen-type specific. ]
Neuroimmunol 175: 128-141.

McMenamin, PG Distribution and Phenotype of dendritic cells and resident tissue
macrophages in the dura mater. ] Comp Neurol 1999; 405: 553-562.

Manna P, J. Dimitry P. E. Oldenborg, W. A. Frazier. 2005. CD 47 augments Fas /CD95
mediated Apoptosis. ] Biol Chem; 280: 29637-29644.

Marshak -Rothstein, A and I. R. Rifkin. 2007. Immunologically active autoantigens: the roll
of toll like recepotrs in the development of chronic inflammatory disease Ann Rev
Immunol 25; 419-441

Marzolo MP, R. von Berhardi, N. C. Inestrosa. 2001. Mannose receptor is present in a
functional state in rat microglial cells. ] Neuroscience Res 2001; 58: 387-395.

Matushita, M 2009 Ficolins: complement -activating lectins involved in Innate Immunity ]
Innate Immunity; 2: 24-32

Matzinger, P. 2007. Friendly and dangerous signals: is the tissue in control? Nat Immunol 8:
11-13.

Medzhitov R, and CA Janeway. 2000. Innate immune recognition mechanisms and
pathways. Immuno Rev; 173: 89-9.

Mevorach, D, J. O Mascraenhas, D. Gershov and K. B, Elkon. 1998. Complement dependant
clearance of apoptotic cells by human macrophages. ] Exp Med; 188: 2313-2320.

Miller, J. L., B. ] deWet, L. Martinez-Pomares, C. M. Radcliffe, R. W. Dwek, and S Gordon.
2008. The mannose receptor mediates dengue virus infection of macropahges.
PlosPathog 4: el7.

Minoretti, P., C. Gazzaruso, C. D. Vito, E. Emanuele, M. Bianchi, E. Coen, M. Reino, and D.
Geroldi. 2006. Effect of the functional toll-like receptor 4 Asp299Gly polymorphism
on susceptibility to late-onset Alzheimer’s disease. Neurosci Lett 391: 147-149.

Miranda, J., K. Yaddanapudi, M. Hornig, and W. I. Lipkin. 2009. Astrocytes recognize
intracellular polyinosinic-polycytidylic acid via MDA-5. Faseb ] 23: 1064-1071.

Mishra, B. B., U. M. Gundra, ]J. M. Teale. 2008. Expression and distribution of Toll -like
receptors 11-13 in the brain during murine neurocysticercosis. ]
Neuroinflammation 12: 5 53

Mohamadzadeh, M., L Chen, Schmaljohn AL. 2007. How Ebola and Marburg viruses battle
the immune system. Nature Reviews in Immunology; 7: 556-567.

Morgan, B. P., and P. Gasque. 1996. Expression of complement in the brain: role in health
and disease. Immunol Today 17: 461-466.

www.intechopen.com



The CNS Innate Immune System and the Emerging Roles of the
Neuroimmune Regulators (NIRegs) in Response to Infection, Neoplasia and Neurodegeneration 235

Mott, R. T., G. Ait-Ghezala, T. Town, T. Mori, M. Vendrame, J. Zeng, J. Ehrhart ] Mullan and
J. Tan 2004 Neuronal expression of CD22: novel mechanism for inhibiting
microglial proinflammatory cytokine production. Glia 4: 369-379.

Mukhopadhyay, S., and S. Gordon. 2004. The role of scavenger receptors in pathogen
recognition and innate immunity. Immunobiology 209: 39-49.

Mukhtar M., S. Harley, P. Chen M, BouHamdan, C. Patel, E. Acheampong, R. ]J. Pomerantz.
2002. Primary isolated human brain microvascular endothelial cells express diverse
HIV /SIV associated chemokine co receptors and DC-SGN and L-SIGN. Virology:
297(1): 78-88.

Nauta, A. J, M. Daha, R. van Kooten, A. Roos. 2003. Recognition and clearance of apoptotic
cells; a role for complement and pentraxins. Trends in Immunol; 24: 148-15425.

Netea, M. G, C. van der Graaf, J. W. M. Van der Meer, B. ]J. Kulberg. 2004. Toll like receptors
and the host defence against microbial pathogens; bringing specificity to the innate
-immune system. ] Leuk Biol 75: 749-755

Ogden, CA, A. de Cathelineau P. R. D, Hoffman, B. Bratton, B. Ghebrehiwet, V. A. Fadok, P.
M. Henson. 2001. C1q and mannose binding lectin engagement of cell surface
calreticulin and CD91 initiates micropinocytosis and uptake of apoptotic cells. ]
Exp Med; 194: 78-795.

Okuno, T., Y. Nakatsuji, M. Moriya, H. Takamatsu, S Nijima, N Takegahara, T. Toyofuku,
Ynakagawa, S. Kang, R. H. Friedel, S Sakoda, H Kikutani, and A. Kumangooh.
2010. Roles of Sema 4-D Plexin -B1 interactions in the central nervous system for
pathogenesis of Experimental Autoimmune Encephalomyelitis. ] Immunol 3: 1499-
1506.

Oldenborg, P. A., H. D. Gresham, and F. P. Lindberg. 2001. CD47-signal regulatory protein
alpha (SIRPalpha) regulates Fcgamma and complement receptor-mediated
phagocytosis. ] Exp Med 193: 855-862.

Olson, J. K., and S. D. Miller. 2004. Microglia initiate central nervous system innate and
adaptive immune responses through multiple TLRs. ] Immunol 173: 3916-3924.

Origlia, N., M. Righi, S. Capsoni, A. Cattaneo, F. Fang, D. M. Stern, J. X. Chen, A. M.
Schmidt, O. Arancio, S. D. Yan, and L. Domenici. 2008. Receptor for advanced
glycation end product-dependent activation of p38 mitogen-activated protein
kinase contributes to amyloid-beta-mediated cortical synaptic dysfunction. ]
Neurosci 28: 3521-3530.

Osawa, R., K. L. Williams, and N. Singh. 2011. The inflammasome regulatory pathway and
infections: Role in patho physiology and clinical implications. ] Infection 62; 119-
129

Pachter, ]J. S, H. de Vries and Z. Fabry. 2003. The Blood brain barrier and its Role in the
central nervous system. ] Neuropath Exp Neurol 62: 593-604

Parisien JP, Bamming D, Komuo A. 2009et al A shared interface mediates paramyxovirus
interference with antiviral RNA helicases MDA5 and LGP2. | Virol 2009; (14): 7252-
7260

Paul, S., C. Ricour, C. Sommereyns, F. Sorgeloos, and T. Michiels. 2007. Type I interferon
response in the central nervous system. Biochimie 89: 770-778.

www.intechopen.com



236 Recent Advances in Immunology to Target Cancer, Inflammation and Infections

Pender, MP, and Rist M] Apoptosis of inflammatory cells in immune control of the nervous
system; role of glia. Glia 2001; 36: 137- 144.

Prehaud, C., F. Megret, M. Lafage, and M. Lafon. 2005. Virus infection switches TLR-3-
positive human neurons to become strong producers of beta interferon. J Virol 79:
12893-12904.

Prieto, A. L., J. L. Weber, S. Tracy, M. ]. Heeb, and C. Lai. 1999. Gas6, a ligand for the
receptor protein-tyrosine kinase Tyro-3, is widely expressed in the central nervous
system. Brain Res 816: 646-661.

Proell, M, SJ Riedl, JH Fritz, AM Rojas, and R Schwarzenbacher. 2008. The Nod -Like
Receptor (NLR) family: a tale of similarities and differences. PLos ONE 3 e2119.

Reed-Geaghan, E. G, J. C. Savage, A. G. Hise, and G. E. Landreth. 2009. CD14 and toll-like
receptors 2 and 4 are required for fibrillar A{beta}-stimulated microglial activation.
J Neurosci 29: 11982-11992.

Reichert, F., and S. Rotshenker. 2003 Complement -receptor 3and scavenger -receptor-Al/
myelin phagocytosis in microglia and macrophages Neurobiology of disease; 12;
65-72

Rehaume, L. M, T. Jouault, M. Chamaillard. 2010. Lessons from the inflammasome: a
molecular sentry linking Candida and Crohn’s disease. Trends in Immunology; 2
171-176.

Reinhold, M. I, F. P. Lindberg, D. Plas, S. Reynolds, M. G. Peters, and E. J. Brown. 1995. In
vivo expression of alternatively spliced forms of integrin-associated protein
(CDA47). ] Cell Sci 108 (Pt 11): 3419-3425.

Ren tein R L, J Allen, et al. CD36 gene transfer confers capacity for phagocytosis of cells
undergoing apoptosis. ] Exp Med 1995; 181: 1857 1872

Richard, K. L., M. Filali, P. Prefontaine, and S. Rivest. 2008. Toll-like receptor 2 acts as a
natural innate immune receptor to clear amyloid beta 1-42 and delay the cognitive
decline in a mouse model of Alzheimer’s disease. ] Neurosci 28: 5784-5793.

Rivest. S, Regulation of innate of immune responses in the brain 2009. Nature Rev in
Immunol 9: 429-439

Rivieccio, M. A., H. S. Suh, Y. Zhao, M. L. Zhao, K. C. Chin, S. C. Lee, and C. F. Brosnan.
2006. TLR3 ligation activates an antiviral response in human fetal astrocytes: a role
for viperin/cig5. ] Immunol 177: 4735-4741.

Roth, J., T. Vogl, C. Sorg, and C. Sunderkotter. 2003. Phagocyte-specific S100 proteins: a
novel group of proinflammatory molecules. Trends Immunol 24: 155-158.

Royet, J., and R. Dziarski. 2007. Peptidoglycan recognition proteins: pleiotropic sensors and
effectors of antimicrobial defenses. Nat Rev Microbiol 5: 264-277.

Sancho, D, O. PJoffre, N. C Rogers, D. Martinez, P. Hernanz-Falcon, I. Rosewell E. Reis and
C Sousa. 2009. Identification of a dendritic cell receptor that couples sensing of
necrosis to immunity. Nature. 458: 899-903.

Sarati M, G. Fontin, M. Raymond and S. Susin. 2008. CD47 in the immune response: role of
thrombospondin and SIRP alpha reveres signaling. Curr Drug Targets ; 9: 842-850.

Sato S., C. St -Pierre, P. Bhaumik, and J. Nieminen. 2009. Galectins in innate immunity: dual
functionof host soluble beta galactoside-binding lectins as damage associated

www.intechopen.com



The CNS Innate Immune System and the Emerging Roles of the
Neuroimmune Regulators (NIRegs) in Response to Infection, Neoplasia and Neurodegeneration 237

molecular patterns(DAMPs) and as receptors for pathogen associated molecular
patterns (PAMPs). Imunol Review 230: 172-187.

Schwartz, A. ], X. Alvarez, A. A Lackner. 2002. Distribution and immunophenotype of DC-
SIGN -expressing cells in SIV infected and uninfected macaques. AIDS research
and Human retroviruses. 2002; 18 (14): 1021-1029

Seiffert, M., P. Brossart, C. Cant, M. Cella, M. Colonna, W. Brugger, L. Kanz, A. Ullrich, and
H. J. Buhring. 2001. Signal-regulatory protein alpha (SIRP alpha) but not SIRPbeta
is involved in T-cell activation, binds to CD47 with high affinity, and is expressed
on immature CD34(+)CD38(-) hematopoietic cells. Blood 97: 2741-2749.

Shewan D V Calaora PNielsen, Cohen, G Rougon, and H Moreau. 1996. mCD24, a
glycoprotein transiently expressed by neurons is an inhibitor of neurite growth ]
Neurosci 16(8): 2624-2634

Singhrao, S. K, J. W Neal.,, Gasque P, and Newman G. R. 1999. Increased Complement
Biosynthesis By Microglia and Complement Activation on Neurons in
Huntington’s disease. Experimental Neurology 159: 362-376

Singhrao, S. K, J. W. Neal, N. K. Rushmere, B. P Morgan, P. Gasque et al. 1999 Differential
expression of individual complement regulators in the brain and choroid plexus.
Lab Invests 10: 1247-1259

Sjoberg, A. P, L. A Trouw, A. M Bloom. 2009. Complement activation and inhibition: a
delicate balance. Trends in Immunology 30 (92): 83-90.

Schroder, , K., and J. Tschopp. 2010. The inflammasomes. Cell 140: 821-832.

Stahl, P. D, and R. E. Ezekowitz. 1998 The mannose receptor is a pattern recognition receptor
involved in host defence. Curr Opin Immunol 10: 50-55.

Stewart, C. R., L. M Stuart, K. Wilkinson, J. M. van Gils, J. Deng, A. Halle, K. J. Rayner, L.
Boyer, R. Zhong, W. A. Frazier, A, Lacy -Hulbert, ], El Khoury, D. T. Golenbock, K]
More. 2010. CD36 ligands promote sterile inflammation through assembly of a Toll
-like receptor 4and 6 heterodimer. Nat Immunol 12: 155-161.

Sonabend, A. M., C. E Rolle, and M. S Lesniak. 2008. The role of regulatory T cells in
malignant gliomas. Anticancer Res 28(2B) 1143-1150.

Sterka, D., Jr., and I. Marriott. 2006. Characterization of nucleotide-binding oligomerization
domain (NOD) protein expression in primary murine microglia. ] Neuroimmunol
179: 65-75.

Sterka, D., Jr.,, D. M. Rati, and I. Marriott. 2006. Functional expression of NOD2, a novel
pattern recognition receptor for bacterial motifs, in primary murine astrocytes. Glia
53: 322-330.

Stumpova, M., D Ratner, E. B Desciak, Y. D Eliezri and DM Owens. 2010. The
immunosuppressive surface ligand CD200 augments the metastatic capcity of
Squamous cell carcinomas. Cancer Res. 70: 2962-2972.

Suzuki, K., A. Kumanogoh, H. Kikutani. 2008. Semaphorins and their receptors on immune
cell interaction. Nature Immunology: 9 17-27.

Tahara, K., H. D. Kim, J. J. Jin, J. A. Maxwell, L. Li, and K. Fukuchi. 2006. Role of toll-like
receptor signaling in A beta uptake and clearance. Brain 129: 3006-3019.

www.intechopen.com



238 Recent Advances in Immunology to Target Cancer, Inflammation and Infections

Takahashi, K, C, . D. P. Rochford and H, Neumann. Clearance of apoptotic neurons without
inflammation by microglial triggering receptor expressed on myeloid cells -2. ] Exp
Med 2005; 201: 647-657.

Takegahara, N, A. Kumanogoh, H Kikutani. 2005 Semaphorins: a new class of
immunoregulatory molecules Proc. Trans. R Soc B 360: 1673-168

Takeuchi, O., and S. Akira. Pattern recognition receptors and inflammation. Cell 140: 805-
820.

Tenner, A. J. 1999. Membrane Receptors for soluble defense collagens. Current Opinion in
Immunology 11: 34-41.

Tenner, A. ]J. 2001. Complement in Alzheimer’s disease: opportunities for modulating
protective and pathogenic events. Neurobiol Aging 22: 849-861.

Thielens, N. M, P. Tacnet -Delormeand, G. J. Arlaud. 2002. Interaction of Cl1q and mannan -
binding lectin with viruses. Immunology 205: 563-574

Tian, J, A. M. Avalos, S. Y. Mao, B. Chen, , K Senthil, H. Wu, P Parroche, S Drabic, D
Golenbock, C. Sirois, J. Hua, L. L. An, L Audoly GLeRosa ABierhaus, P. Naworth,
A. Marshak -Rothstein, M. K. Crow, K Fitzgerald E. Latz, P. A Kiener, and A ]
Coyle. 2007. Toll like receptor 9 -dependent activation by DNA- containing
immune coplexes is mediated by HMGB1 and RAGE. Nature Immunol 8: 487-49. .

Ting, ]J. P. Y, J. A, Duncan, Y. Lei. 2010 How the Non inflammasome NLRS function in the
innate immune system. Science 327: 286-290.

Toguchi, M., D. Gonnzalez, S. Furukawa, S. Inagaki. 2009. Involvement of Sema-4D in the
control of microglial activation. Neurochem Int 55: 573-580.

Trouw L, A. Bengtssona, K. A, Gelderman, B Dahlback, G. Sturfelt, A. M. Blom 2007. C4b -
binding protein and factor H compensate for the loss of membrane bound
complement inhibitors to protect apoptotic cells against excessive complement
attack. ] Biol Chem; 282: 28540-28548

Trouw L, Nielsen HM, Minthon LE Londos, G Landburg Rverhuis, S Janciauskiene, AM
Blom, 2008C4b- binding protein in Alzheimer’s disease: binding to Abeta 1-42 and
to dead cells. Mol Immunol 2008; 45: 3649-3660

Upham JP, Pickett D, Anders T, Reading C. Macrophage receptors for Influenza A virus:
role for the macrophage galactose-type lectin and mannose receptor in viral entry. |
Virol 2010; 84(3): 3730-3737

Van Beek, J., O. Nicole, C. Ali, A. Ischenko, E. T. MacKenzie, A. Buisson, and M. Fontaine.
2001. Complement anaphylatoxin C3a is selectively protective against NMDA-
induced neuronal cell death. Neuroreport 12: 289-293.

Van Beek, J., M. Bernaudin, E. Petit, P. Gasque, A. Nouvelot, E. T. MacKenzie, and M.
Fontaine. 2000. Expression of receptors for complement anaphylatoxins C3a and
Cbha following permanent focal cerebral ischemia in the mouse. Exp Neurol 161:
373-382.

van Kooyk, and T. B. H. Geijenbeek. DC-SIGN escape mechanism for pathogens Nat Review
Immunol 2003; 3: 697-709.

Vandivier, RW, Ogden CA, Fadok VA, P. R. Hofmann, Brown, M. Botto, M. J. Walport J. H.
Fisher, . PM. Henson, K. E. Greene. 2002. Role of surfactant proteins A, D and

www.intechopen.com



The CNS Innate Immune System and the Emerging Roles of the
Neuroimmune Regulators (NIRegs) in Response to Infection, Neoplasia and Neurodegeneration 239

Clqin the clearance of apoptotic cells in vivo and in vitro: calcireticulin and CD91
as a common collectin receptor complex. ] Immunol; 169: 3978-3986

Vasta, G. Roles of galectins in infection. Nature Reviews in Microbiology; 7: 424-438.

Vernon-Wilson, E. F., W. ]. Kee, A. C. Willis, A. N. Barclay, D. L. Simmons and M. H. Brown.
2000. CD47 is a ligand for rat macrophage membrane signal regulatory protein
SIRP (OX41) and human SIRPalpha 1. Eur ] Immunol 30: 2130-2137.

Voll R, Herrmann, Roth EA. 1997 Immunosuppresive effects of apoptotic cells Nature; 390:
350-351

Wagner, S., Lynch, NJ, Walter W, etal. 2003 Differential expression of the murine mannose-
binding lectins A and C in lymphoid and nonlymphoid organs and tissues. ]
Immunol; 170: 1462-1465.

Walter, S., M. Letiembre, Y. Liu, H. Heine, B. Penke, W. Hao, B. Bode, N. Manietta, J]. Walter,
W. Schulz-Schuffer, and K. Fassbender. 2007. Role of the toll-like receptor 4 in
neuroinflammation in Alzheimer’s disease. Cell Physiol Biochem 20: 947-956.

Wang, J., I. and L. Campbell. 2002. Cytokine signaling in the brain: putting a SOCS in it? |
Neurosci Res 67: 423-427.

Wang, T., T. Town, L. Alexopoulou, J. F. Anderson, E. Fikrig, and R. A. Flavell. 2004. Toll-
like receptor 3 mediates West Nile virus entry into the brain causing lethal
encephalitis. Nat Med 10: 1366-1373.

Wang. Y, H. Neumann. 2010. Alleviation of neurotoxicity by microglial human Siglec- 11. J
Neurosci 30 (9) 3482 -4388.

Webster, S, D, , M. D Galavan, E. Ferran, W. Garzon -Rodriguez, C. G. Glabe, A. ]J. Tenner
Antibody -mediated phagocytosis of the amyloid beta peptide in microglia is
differentially modulated by microglia. ] Immunol; 12: 7496-74503.

Wu, A, J. Wei, L. Y. Wong, Y. Wang, W. Priebe, W. Qiao, R. Sawaya and A. B Heimbergerg.
2010 Glioma cancer stem cells induce immunosuppressive macrophages
/microglia. Neuro Oncol. 12: 113-1125

Wright, G. J., M. Jones, M. J. Puklavec, M. H. Brown, and A. N. Barclay. 2001. The unusual
distribution of the neuronal/lymphoid cell surface CD200 (OX2) glycoprotein is
conserved in humans. 102: 173-179.

Wyss-Coray, T., and L. Mucke. 2002. Inflammation in neurodegenerative disease. A double-
edged sword. Neuron 35: 419-432.

Yagami, T., K. Ueda, K. Asakura, N. Okamura, T. Sakaeda, G. Sakaguchi, N. Itoh, Y.
Hashimoto, T. Nakano, and M. Fujimoto. 2003. Effect of Gas6 on secretory
phospholipase A(2)-IIA-induced apoptosis in cortical neurons. Brain Res 985: 142-
149.

Yamayoshi, S, Y. Yamashita, J. Li, N. Hanagata, TMinowa, T, Takemura, 2009. Scavenger
receptor B2 is a cellular receptor for enterovirus 71. Nat Med; 15: 798-801

Yan, S. D, A. Bierhaus, P. . Naworth, D. M. Stern. 2009. RAGE and Alzheimer’s disease: a
progression factor for amyloid induced cellular perturbation ?J. Alzheimers Dis 16:
833-843

Yoneyama, M., M. Kikuchi, T. Natsukawa, N. Shinobu, T. Imaizumi, M.

www.intechopen.com



240 Recent Advances in Immunology to Target Cancer, Inflammation and Infections

Miyagishi, K. Taira, S. Akira, and T. Fujita. 2004. The RNA helicase RIG-I has an essential
function in double-stranded RNA-induced innate antiviral responses. Nat
Immunol 5: 730-737.

Yarovinsky, F., D. Zhang, J. F. Andersen, G. L. Bannenberg, C. N. Sheran, M. S. Hayden, S
Hieiny, F. S Sutterwala, R. A. Flavell, S. Ghosh, A. Sher. 2005 TRL-11 activation of
dendritic cells by a protozoan profilin-like protein. Science 308: 1626-1629.

Yoshida, H., T. Imaizumi, S. J. Lee, K. Tanji, H. Sakaki, T. Matsumiya, A. Ishikawa, K. Taima,
E. Yuzawa, F. Mori, K. Wakabayashi, H. Kimura, and K, Satoh. 2007. Retinoicacid-
inducible gene-I mediates RANTES/CCL5 expression in U373MG human
astrocytoma cells stimulated with double-stranded RN A. Neurosci Res 58: 199-206.

Yu, MH, Wang, A Ding, DT Golenbock, E Latz, CJ Cura, M] Fenton, K Tracey and H Yang.
2006. HMGBI1 signals through toll like receptor (TLR) 4 and TLR 2. Shock 2: 174-
179.

Zipfel, P. F., and C. Skerka. 2009. Complement regulators and inhibitory proteins. Nat Rev
Immunol 9: 729-740.

www.intechopen.com



Recent Advances in Inmunology to Target Cancer, Inflammation

RECENT ADVANCES IN

IMMUNOLOGY TO TARGET and Infections
CANCER, INFLAMMATION .
AND INFECTIONS Edited by Dr. Jagat Kanwar
il i ISBN 978-953-51-0592-3
~ 3

Hard cover, 520 pages
Publisher InTech
Published online 09, May, 2012

Published in print edition May, 2012

Immunology is the branch of biomedical sciences to study of the immune system physiology both in healthy
and diseased states. Some aspects of autoimmunity draws our attention to the fact that it is not always
associated with pathology. For instance, autoimmune reactions are highly useful in clearing off the excess,
unwanted or aged tissues from the body. Also, generation of autoimmunity occurs after the exposure to the
non-self antigen that is structurally similar to the self, aided by the stimulatory molecules like the cytokines.
Thus, a narrow margin differentiates immunity from auto-immunity as already discussed. Hence, finding
answers for how the physiologic immunity turns to pathologic autoimmunity always remains a question of
intense interest. However, this margin could be cut down only if the physiology of the immune system is better
understood. The individual chapters included in this book will cover all the possible aspects of immunology and
pathologies associated with it. The authors have taken strenuous effort in elaborating the concepts that are
lucid and will be of reader's interest.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

J. W. Neal, M. Denizot, J. J. Hoarau and P. Gasque (2012). The CNS Innate Immune System and the
Emerging Roles of the Neuroimmune Regulators (NIRegs) in Response to Infection, Neoplasia and
Neurodegeneration, Recent Advances in Immunology to Target Cancer, Inflammation and Infections, Dr. Jagat
Kanwar (Ed.), ISBN: 978-953-51-0592-3, InTech, Available from: http://www.intechopen.com/books/recent-
advances-in-immunology-to-target-cancer-inflammation-and-infections/the-emerging-roles-of-the-
neuroimmune-regulators-niregs-in-the-innate-immune-system-s-response-to-cn

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




