TABLE 372e-5 Cells of the Innate Immune System and Their Major Roles in Triggering Adaptive Immunity
Cell Type
Macrophages

Plasmacytoid dendritic
cells (DCs) of lymphoid
lineage
Myeloid dendritic cells
are of two types: interstitial and Langerhansderived

NK-T cells

Neutrophils
Eosinophils
Mast cells and basophils
Epithelial cells

Major Role in Innate Immunity
Phagocytose and kill bacteria; produce antimicrobial
peptides; bind LPS; produce inflammatory cytokines

Abbreviations: IL-4, IL-5, IL-6, IL-10, and IL-12, interleukin 4, 5, 6, 10, and 12, respectively; MHC, major histocompatibility complex: LPS, lipopolysaccharide; PAMP, pathogen-associated
molecular patterns; TH, helper T cell; TNF-α, tumor necrosis factor-alpha.
Source: Adapted from R Medzhitov, CA Janeway: Curr Opinion Immunol 9:4, 1997. Copyright 1997, with permission from Elsevier.

an important role in immune surveillance and destruction of malignant and virus-infected host cells. NK cell hyporesponsiveness is also
observed in patients with Chédiak-Higashi syndrome, an autosomal
recessive disease associated with fusion of cytoplasmic granules and
defective degranulation of neutrophil lysosomes.
NK cells have a variety of surface receptors that have inhibitory
or activating functions and belong to two structural families. These
families include the immunoglobulin superfamily and the lectin-like
type II transmembrane proteins. NK immunoglobulin superfamily
receptors include the killer cell immunoglobulin-like activating or
inhibitory receptors (KIRs), many of which have been shown to have
HLA class I ligands. The KIRs are made up proteins with either two
(KIR2D) or three (KIR3D) extracellular immunoglobulin domains
(D). Moreover, their nomenclature designates their function as either
inhibitory KIRs with a long (L) cytoplasmic tail and immunoreceptor
tyrosine-based inhibitory motif (ITIM) (KIRDL) or activating KIRs
with a short (S) cytoplasmic tail (KIRDS). NK cell inactivation by KIRs
is a central mechanism to prevent damage to normal host cells. Genetic
studies have demonstrated the association of KIRs with viral infection
outcome and autoimmune disease (Table 372e-10).
In addition to the KIRs, a second set of immunoglobulin superfamily receptors includes the natural cytotoxicity receptors (NCRs), which
include NKp46, NKp30, and NKp44. These receptors help to mediate
NK cell activation against target cells. The ligands to which NCRs bind
on target cells have been recently recognized to be comprised of molecules of pathogens such as influenza, vaccinia, and malaria as well as
host molecules expressed on tumor cells.
NK cell signaling is, therefore, a highly coordinated series of inhibiting and activating signals that prevent NK cells from responding

to uninfected, nonmalignant self-cells; however, they are activated
to attack malignant and virally infected cells (Fig. 372e-4). Recent
evidence suggests that NK cells, although not possessing rearranging
immune recognition genes, may be able to mediate recall for NK cell
responses to viruses and for immune responses such as contact hypersensitivity.
Some NK cells express CD3 and invariant TCR-α chains and are
termed NK T cells. TCRs of NK T cells recognize lipid molecules
of intracellular bacteria when presented in the context of CD1d
molecules on APCs. Upon activation, NK T cells secrete effector
cytokines such as IL-4 and IFN-γ. This mode of recognition of intracellular bacteria such as Listeria monocytogenes and Mycobacterium
tuberculosis by NK T cells leads to induction of activation of DCs
and is thought to be an important innate defense mechanism against
these organisms.
The receptors for the Fc portion of IgG (FcγRs) are present on NK
cells, B cells, macrophages, neutrophils, and mast cells and mediate
interactions of IgG with antibody-coated target cells, such as virally
infected cells. Antibody-NK interaction via antibody Fc and NK cell
FcR links the adaptive and innate immune systems and regulates the
mediation of IgG antibody effector functions such as ADCC. There
are both activation and inhibitory FcγRs. Activation FcRs, such as
FcγRI (CD64), FcγRII (CD32), and FcγRII (CD64), are characterized by the presence of an immunoreceptor tyrosine-based activating
motif (ITAM) sequence, whereas inhibitory FcRs, such as FcγRIIb,
contain an immunoreceptor tyrosine-based inhibitory motif (ITIM)
sequence. There is evidence that dysregulation in IgG-FcγR interactions plays a role in arthritis, multiple sclerosis, and systemic lupus
erythematosus.
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Natural killer (NK) cells

Major Role in Adaptive Immunity
Produce IL-1 and TNF-α to upregulate lymphocyte adhesion molecules
and chemokines to attract antigen-specific lymphocyte. Produce IL-12
to recruit TH1 T helper cell responses; upregulate co-stimulatory and
MHC molecules to facilitate T and B lymphocyte recognition and activation. Macrophages and dendritic cells, after LPS signaling, upregulate co-stimulatory molecules B7-1 (CD80) and B7-2 (CD86) that are
required for activation of pathogen-specific T cells. There are also
Toll-like proteins on B cells and dendritic cells that, after LPS ligation,
induce CD80 and CD86 on these cells for T cell antigen presentation.
Produce large amounts of interferon-α (IFN-α), which has
IFN-α is a potent activator of macrophage and mature DCs to phagoantitumor and antiviral activity, and are found in T cell zones cytose invading pathogens and present pathogen antigens to T and
of lymphoid organs; they circulate in blood
B cells
Interstitial DCs are strong producers of IL-12 and IL-10 and are Interstitial DCs are potent activators of macrophage and mature DCs
located in T cell zones of lymphoid organs, circulate in blood, to phagocytose invading pathogens and present pathogen antigens
and are present in the interstices of the lung, heart, and
to T and B cells
kidney; Langerhans DCs are strong producers of IL-12; are
located in T cell zones of lymph nodes, skin epithelia,
and the thymic medulla; and circulate in blood
Kill foreign and host cells that have low levels of MHC+
Produce TNF-α and IFN-γ, which recruit TH1 helper T cell responses
self-peptides. Express NK receptors that inhibit NK function
in the presence of high expression of self-MHC.
Lymphocytes with both T cell and NK surface markers that
Produce IL-4 to recruit TH2 helper T cell responses, IgG1 and IgE
recognize lipid antigens of intracellular bacteria such as
production
Mycobacterium tuberculosis by CD1 molecules and kill host
cells infected with intracellular bacteria.
Phagocytose and kill bacteria, produce antimicrobial
Produce nitric oxide synthase and nitric oxide, which inhibit apoptopeptides
sis in lymphocytes and can prolong adaptive immune responses
Kill invading parasites
Produce IL-5, which recruits Ig-specific antibody responses
Release TNF-α, IL-6, and IFN-γ in response to a variety of
Produce IL-4, which recruits TH2 helper T cell responses, and recruit
bacterial PAMPs
IgG1- and IgE-specific antibody responses
Produce antimicrobial peptides; tissue-specific epithelia
Produces TGF-β, which triggers IgA-specific antibody responses
produce mediator of local innate immunity; e.g., lung
epithelial cells produce surfactant proteins (proteins within
the collectin family) that bind and promote clearance of
lung-invading microbes
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