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Pattern-Recognition Receptors

The receptors of adaptive and innate immunity differ. Anti-
bodies and T-cell receptors, the receptors of adaptive immu-
nity, recognize details of molecular structure and can
discriminate with exquisite specificity between antigens fea-
turing only slight structural differences. The receptors of in-
nate immunity recognize broad structural motifs that are
highly conserved within microbial species but are generally
absent from the host. Because they recognize particular over-
all molecular patterns, such receptors are called pattern-
recognition receptors (PRRs). Patterns recognized by this
type of receptor include combinations of sugars, certain pro-
teins, particular lipid-bearing molecules, and some nucleic
acid motifs. Typically, the ability of pattern-recognition
receptors to distinguish between self and nonself is perfect
because the molecular pattern targeted by the receptor is
produced only by the pathogen and never by the host. This
contrasts sharply with the occasional recognition of self
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TABLE 3.6

| Reactivity of antisera with various haptens

—

REACTIVITY WITH

NH, NH, NH, KH,
COOH
[nle ]
Anbiserum against Aminobenzene [aniline] eAminobenzoic acid m-Aminobenzoic acid pAminchenzoic acid
Amingbenzene + a a a
oAminobenzoic acid a + a 0
m Aminobenzoic acid a 0 + a
pAminobenzoic acid a o 0 *

KEY:0 = mo resctivity; + = srong meactivity

SOURCE: Based om K. Landsteingr, 1982, The Spec ity of Serchogic Beactions, Dever Preva. Modified by |. Klein, 1982,

Invmmakegy: The Seance of Sel Mol Digrirsag o, fobin W ey,

antigens by receptons of adaptive immunity, which can lead
to autoimmunc disorders. Like antibodics and T-cdl recep-
tors, patternsrecognition receplors are protemns, 1lowever,
the genes that encode PRRs arepresentin the geemline of the

organism. In contrast, the genes that encode the cnormous -

diversity of antibodics and TCRs are not present :in the

germline. They are pmerated by an extraordinary proces of

penetic recombination that is discussed in Chapter 5.

Aany diffcrent pattern-recognition receptors have been
identified and several examiples appear in Table 3.7, Somie are
present in the bloodstecam and tissue Auids as soluble drcus
Leting proteins 2nd others are on the membrane of cdls such
as macrophages, neutrophils, and dendritic cells. Mannose.
binding lectin {MBL) and Cereactive protein (CRP) are solu-
ble pattern peceptors that bind to microbial surfaces and
promote their opsontzation. Both of these cecoptors also
have the abdiry w acivate the complement system when they
are bound to the surface of miccobes, thereby making the
invader a likdy rarget of complement-mediated lysis. Yet
anothea soluble receptor of the innate immune system,
lipopolysaccharidebinding protan, is an important part
of the systern that recognizes and signals a response to
lipopolysaccharide, 3 component of the outar cell wall of
gram=negative bacteria,

Pattern-recognition receplors found on the ¢ell mem-
brane include scavenger eecepwrs and the tolllike receprors.
Scavenger receptors (SRs) are prosent on macrophage and
many types of dendritic colls, and are involved in the binding
and internalzation of gram-positiveand gramenegative bac-
teria, as well as the phagocytosis of apoptotic host cdls. The
exact roles and mechanisms of action of the many types of
scavenger ecoptors known to date are under active invostiga-
tion. The toll-like receprors (TLRs) are important in recogs
nizing many microbial patteens. This family of proteins is

ancicnt=——toll-like recepors mediate the recognition and
generation of defensive esponscs to pathogens in organisms
as widcly scparated in evolutionary hiswory as humans and
flies. Typically, signals transduced through the TLRs cause
transcriptional activation and the synthesis and secretion of

. cytokines, which promote inflimmatory roponses that

being macrophages and neutrophils w sites of inflaimmation.

Lipoprsicins LPs{Gramnegativey  Flagedlin CplG DXA
Lipoarabimomanman  Taxel (Plam y — W
LP% (Ecprlessprivay F protcin (RS virus)

LPS (P givigicadish Ty spdstl  Hiowa ¥

PG {Gram-puwwdlive}  Fibmncotin (Houa )

Fymarun {Ycany

GFL anchawr { T, crieze)

1 MD-2
TIRG  TIR4 IEI Tuul TLRY

m Location and Lasgets of some paliern-recognilion re-
ceplon. Many pallern-aecognilion receplors are edracellular and tar-
ge! murobes o micrebial componenis in the bloodsiream and
tnsue Nuids, causing their lysis or marking them for removal by
phagocyles. Other pallernaecogrilion receplons dre presenl on the
cell membrane and bind 10 2 broad variety of microbes or microbial
poducts. Engagement of these recepiors Iriggevs sgnaling path.
ways lhal promote inflammation or, in the case of the scavenger re-
ceplons, phagooosis or endocylosis. dsRNA = double sianded
RNA; LPS = bpopolysacchaside. [5. Akia er of, X0), Nawre Im.
munology 2:575.]
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Charactenistic Innate immunity Adaptive immumity
Specificity Specific for conserved Speaific for detads of antigen
rmolecular patierns or bypes siruciure
Selfmansell Perfect: evolutionarily selected Excellent: but imperfect,
discrimination to distinguish phylogenstic Deccasional reaction with
diffesences. MNeves recognizes sell antigens
sl
RECEPTORS OF THE ADAPTIVE IMMUNE SYSTEM
Receptor Target
focaton] [source] Effect of meogrulion
Antibody Specific components of Labeleng of pathogen for

{B-cell membiane,
Hood, issue Nuids)

Teel receptor

pathogen

Prateing or certain lipids of

destruction and remaval

Induction of pathogen-

{T-cell rmembrane) pathogen specific humaral and cell
mediated imm unity
FECEPTORS OF THE INNATE IMMUNE SYSTEM
Complerrent Micrabial cell-wall Complement achvation,
ftloodsiream, companents opsonization
wssue Muids)

Manngse bnding lectin {MBL)
floodsiream, iisswe luids)

Cresctive piotein [CRF)
Plocdstesm, issue Nuids)

LPS binding protein (LBP)
floodstream, isue Muids)

TLR2
fell membrane)

TLR3
el membrane}

TLR4
feell membrane)

TLRS
feell membrane)

TLRD
feell membrane)

Scavenger receplors (many)
feell membrane)

LIPS s bound o the ool memBrane by 3

plex of p

Mannose containing
microbial carbohydrates
el walls)

Phosphatiddcheline
{microbial membranes)

Bactedal hpopolysaccharide
{LF5}

Cell wall companents of gram-pesitive
bacteria, LPS®. Yeaul cell wall companent
[zymesan)

Double stranded RNA [dsRNA)Y
{replication of many RNA viruses)

LPS"

Flagellin
{Nagela of gram positive
and gram negative bacteria)

CpG

Many Largets: gram-posilive and gram-
negative bacteria, apoptotic host cells

Complement activation,
opsonizalion

Camplement activation,
opionizalion

Delivery o cell- membrane LPS receptor
{TLR-COvd MD 2 complex™)

Attracts phagocytes, achivales macrophages,
dendnte cells. Induces secretion of
seveial eytokines

Induces production of interferon,
an antvital cytokine

Anracts phagocyles, activales macrophages,
dendiitz cells. Induces secretion of
several cytokines

Amracts phagocytes, activates macrophages,
dendrite cells. Induces secretion of
several cytokines

Attracts phagocytes, macrophages,
dendrite cells. Induces secietion of
several cytokines

Induces phagocylosn or endocylosis

s that inckudes CO 1A, MIEx2,amd 8 TUR (usually TLAY),



