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Overview of Innate Immunity

The term innate immunity refers to defense mechanisms that are always 
present, ready to combat microbes and other offending agents. 

The major components of innate immunity are: 
• Surface epithelia 
• Tissue sentinel cells 
• White blood cells 
• Soluble plasma proteins



Three phases of the host response to infection,  
 reflects the distinct layers of innate immunity: 

Introduction
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Anatomic 
barriers

Preformed 
effectors

Recruitment of 
effector cells

Epithelia that line the internal and external 
surfaces of an organism (intimately linked to 

preformed effectors).

Cells (e.g., phagocytes beneath epithelial layer) 
and chemical fluids (e.g., antimicrobial 

peptides) acting locally or systemically (e.g., 
complement system).

Involves the recognition of pathogens by 
PRRs and lead to a local inflammatory 
reaction. Also bridges innate with the 

adaptive immune system.



Definition of a pathogen: a microorganism that makes us sick 

➔ has evolved strategies to overcome the body’s defense system and thereby cause 
disease. 

Definition of a pathogen linked to the  
status of an individual’s immune system  
➔ from the perspective of an individual  
with a reduced immune system:  
more microorganisms can be dangerous  
= « opportunistic » pathogens
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Pathogen versus microbe





Means to cause disease 
• Exotoxin production: secreted toxins from 

pathogens 

• Endotoxin production: tissue damage by  
non-secreted constituents of pathogens  
- LPS - via the host 
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Replication of living agent in their hosts that causes 
infection

• Direct cytopathic effect 

• Indirectly via immune-mediated tissue 
damage 



Checkpoints that microbes must overcome to cause disease 

 Attachment of pathogen to epithelium  

 Crossing the epithelium (burns, wounds, insect bites can facilitate this step) 

 Overcoming immediate defense mechanisms (e.g., resistance to chemical 
destruction) 

➔ Pathogenic bacteria distinguished from others by their ability to having 
evolved special adaptions strategies that evade innate immune mechanisms 

1st happening in a tissue:  

local infection focus from where  
the pathogen further spread
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Overcoming innate host defenses to establish disease



Innate Immune Recognition of 
Pathogens



Bacteria

Fungi

Viruses

Pathogens Innate Immunity

Macrophages

Dendritic cells

Pattern recognition receptors
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MAMPs = 
Microbe-associated 
molecular Patterns
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Pattern recognition receptors



Effector mechanisms

PAMPs = 
Pathogen-associated 

molecular Patterns

PRRs = 
Pattern recognition  

receptors
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Principles of innate immune recognition (1)

  
• The innate immune system recognizes 

microbial products that are often essential for 
survival of the microbes. 

• The innate immune system also recognizes 
endogenous molecules that are produced by 
or released from damaged and dying cells. 



• The innate immune system uses several types 
of cellular receptors, present in different 
locations in cells, and soluble molecules in the 
blood and mucosal secretions, to recognize 
PAMPs and DAMPs. 

• The receptors of the innate immune system are 
encoded by inherited (germline) genes, 
whereas the genes encoding receptors of 
adaptive immunity are generated by somatic 
recombination of gene segments in the 
precursors of mature lymphocytes. 

• The innate immune system does not react 
against normal, healthy cells and tissues. 

Principles of innate immune recognition (2)
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Box 1 | Intracellular signalling mediated by C-type lectins

Transmembrane C-type lectin receptors (CLRs) can trigger signalling pathways that broadly result in the activation or 
inhibition of cellular functions. Best studied are those receptors that induce activation pathways through 
immunoreceptor tyrosine-based activation motifs (ITAMs). These ITAMs can either be an integral component of the CLR 
cytoplasmic tail (for example, in dectin 1 and dendritic cell, natural killer (NK) cell lectin group receptor 1 (DNGR1)) or can 
require the use of signalling adaptors, such as the Fc receptor γ-chain (FcRγ; for dectin 2, macrophage C-type lectin 
(MCL) and macrophage-inducible C-type lectin (mincle)) or DAP10 (DAP12 in mice; for NKG2D, CLEC5A and liver and 
lymph node sinusoidal endothelial cell C-type lectin (LSECtin)). In myeloid cells, these ITAMs facilitate the recruitment of 
SYK kinase (or tyrosine-protein kinase ZAP70 in T cells, which is used by the T cell receptor), which induces a downstream 
signalling pathway involving the caspase-recruitment domain protein 9 (CARD9)–B cell lymphoma/leukaemia 10 
(BCL-10)–mucosa-associated lymphoid tissue lymphoma translocation protein 1 (MALT1) complex (reviewed in REF.53). 
These signalling pathways result primarily in the induction of nuclear factor-κB (NF-κB)-dependent pro-inflammatory 
responses. Receptors such as DC-SIGN associate with the adaptor lymphocyte-specific protein 1 (LSP1) and can recruit 
the serine/threonine-protein kinase RAF1 signalosome, inducing a poorly defined SYK-independent pathway that 
increases signalling from other receptors, including the Toll-like receptors (reviewed in REF.53). Notably, activation of this 
pathway and recruitment of the RAF1 signalosome can be dependent on the nature of the carbohydrate ligands 
recognized, which influences the nature of the inflammatory response and subsequent adaptive immunity53. For example, 
binding of mannose-expressing pathogens such as Mycobacterium tuberculosis by DC-SIGN requires the recruitment of 
the upstream effectors leukaemia-associated RHO-GEF (LARG; also known as ARHGEF12) and RHOA for activation of the 
RAF1 signalosome. Subsequent downstream RAF1 signalling results in phosphorylation and acetylation of the p65 
subunit of NF-κB, thereby increasing pro-inflammatory responses. Phosphorylated p65 may also interact with 
transcription factor RELB to form a transcriptionally inactive dimer during dectin 1-triggered non-canonical NF-κB 
signalling. A few CLRs (for example, NKG2D and CLEC5A) associate with the adaptor protein DAP10, which induces 
signalling through the p85 subunit of phosphoinositide 3-kinase (PI3K) and a growth factor receptor-bound protein 2 
(GRB2)–VAV1 signalling complex that also requires ubiquitin-dependent endocytosis for the activation of NK cell effector 
functions through extracellular signal-regulated kinase 1 (ERK1; also known as MAPK3) and ERK2 (also known as MAPK1), 
primarily providing co-stimulation to signals induced by other receptors167. By contrast, inhibitory receptors such as 
myeloid inhibitory C-type lectin (MICL) recruit tyrosine and inositol phosphatases, including SHIP1 and SHP1, to 
negatively regulate the signalling pathways induced by other receptors, and they are generally thought to suppress the 
inflammatory pathways induced by activating receptors168. The cytoplasmic tails of many CLRs (including CD93, 
L-selectin, layilin and thrombomodulin) can interact with the actin cytoskeleton through ezrin, radixin and moesin (ERM) 
proteins, facilitating its reorganization for functions such as phagocytosis, cellular adhesion and migration3,169,170. 
Polycystic kidney disease 1 (PKD1) forms part of a Ca2+ channel and may function as an atypical G protein-coupled 
receptor, regulating several intracellular signalling pathways, including mechanistic target of rapamycin (mTOR) through 
mTOR complex 1 (mTORC1) and WNT–β-catenin signalling, that are required for its functions in renal tubular 
morphogenesis171. PKD1 regulates canonical WNT–β-catenin signalling through cleavage of its carboxy-terminal tail 
(CTT), which reduces the ability of β-catenin to promote T cell-specific transcription factor (TCF)-dependent transcription 
of WNT target genes. The signalling pathways mediated by other CLRs such as macrophage mannose receptor (MMR) or 
DEC205 remain unknown.
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The C-type lectins

Bind carbohydrates in a Ca++ dependent manner



Cytosolic DNA sensorsREVIEW ARTICLE NATURE IMMUNOLOGY

the activity of cGAS. First, long(er) dsDNA templates provide mul-
tiple adjacent binding sites that enable cGAS to form oligomeric, 
ladder-like structures in a highly cooperative manner18. Second, 
dsDNA length also affects the ensuing step of catalysis, with longer 
dsDNA templates achieving higher overall enzymatic signaling out-
puts19. Another detail of the dependence on DNA length has now 
emerged: long dsDNA is more potent than short dsDNA in promot-
ing cGAS liquid–liquid phase separation20. This local concentration 
of cGAS and dsDNA has been shown to prodigiously enhance the 
enzymatic activity of cGAS. Although not essential for activation, 
the N-terminal region of cGAS facilitates its phase-separation activ-
ity and, thus, its enzymatic activity by increasing the valence of the 
cGAS–DNA interaction. Notably, all mammalian cGAS homologs 
have the basic and unstructured N-terminal part (~160 residues), 
although the amino acid sequence is less well conserved between 
distinct species21. In addition, a published study reported the pres-
ence of a third DNA-binding site, the ‘C-site’, that reinforces forma-
tion of the DNA–cGAS complex, as well as phase separation22. Thus, 
multivalent interactions of DNA with cGAS are critical for regula-
tion of the overall enzymatic activity.

cGAS–cGAMP–STING signal transduction
Until now, STING, an endoplasmic reticulum (ER) membrane pro-
tein, was the only reported downstream target of cGAMP inside 
mammalian cells that converts the activity of cGAS into distinct 
cellular effector responses. Intriguingly, the cGAS–STING signal-
transduction cascade operates not only in a cell-intrinsic fashion 
(with the activity of cGAS and STING inside the same cell) but 
also across individual cells via gap-junction channels, incorpora-
tion into cell-derived vesicles or cellular secretion23–27 (Fig. 1). These 
unconventional signaling routes may facilitate the rapid propaga-
tion of inflammatory signals throughout tissues and, potentially, 
even systemically. At the same time, however, such amplificatory 
mechanisms call for a means of proper control over cGAS so to 
prevent its activation in response to spurious (DNA) signals. This 
is especially important in the context of the high-affinity interac-
tion between cGAMP and STING (dissociation constant, ~4 nM). 
Molecularly, cGAMP engages STING through a ‘butterfly-shaped’ 
binding pocket that faces the cytosol; this pocket is created by the 
ligand-binding domains (LBDs) of two STING molecules15. After 
cGAMP binds, an individual STING dimer undergoes a profound 
conformational transition within its LBDs, including a 180° rota-
tion of the (cytosolic) LBD relative to the transmembrane domains, 
which facilitates side-by-side interaction with additional STING 
dimers for the creation of larger oligomeric complexes28,29.

At the cellular level, the mechanism of cGAMP-mediated acti-
vation of STING and the consecutive initiation of signal transduc-
tion is a highly sophisticated process that integrates many distinct 
regulatory steps, a phenomenon that is only beginning to be delin-
eated at the molecular level (Fig. 1). Activation of the STING signal-
ing cascade manifests itself cytologically through the formation of 
relatively large STING-containing foci that reside within the Golgi 
compartment and finally end up in the endolysosome for degra-
dation. The translocation of activated STING, via the ER–Golgi 
intermediate compartment (ERGIC), to the Golgi compartment 
relies on components of the secretory pathway and is mediated 
via vesicle transport by the vesicle coat protein COPII30. Although 
STING may partially trigger activation of the transcription factor 
NF-κB from the ER, STING’s redistribution to the ERGIC–Golgi 
compartment is absolutely necessary for the induced expression of 
STING-dependent target genes, and blocking ER–Golgi trafficking 
via bacterial or chemical inhibitors of the GTPase ARF completely 
shuts down activation of the signaling cascade31,32. At the Golgi, 
each STING unit recruits the kinase TBK1 via a conserved binding 
motif located in the C-terminal tail of STING; this leads to dimer-
ization and autophosphorylation of TBK133,34. Activated TBK1, in 

turn, first phosphorylates STING at a pLxIS motif (where ‘p’ indi-
cates a hydrophilic residue; L is leucine; ‘x’ is any amino acid; ‘I’ is 
isoleucine; and ‘S’ is a phosphorylation site), shared by the adaptor 
MAVS (discussed below); this creates a docking site for the tran-
scription factor IRF335. In a second step, TBK1 then phosphorylates 
IRF3, which promotes dimerization of IRF3, its translocation to the 
nucleus and, ultimately, its regulation of de novo gene expression. 
Following those events, STING is degraded through a process that 
depends on components of the autophagy program, the activation of 
which again is triggered via STING30,36. Hence, an important regula-
tory aspect of the STING signaling pathway is that it is self-limiting. 
Curiously, in certain cell types, such as T lymphocytes, degradation 
of STING is less efficient; this results in apoptosis instead of the 
induction of type I interferons37,38. Thus, modulation of the degree 
of negative regulation seems to guide selective cell-fate decisions.

Mechanisms for sensing cytosolic RNA
The sensing of cytosolic RNA is mediated by largely by RLRs, which 
include RIG-I, MDA5 and LGP2. Both RIG-I and MDA5 acti-
vate antiviral signaling pathways through MAVS (Fig. 2). As with 
STING, activation of MAVS results in stimulation of the kinases 
TBK1 and IKK and, consequently, of the transcription factors IRF3, 
IRF7 and NF-κB for the induction of genes encoding type I and 
type III interferon and pro-inflammatory cytokines35,39 (Fig. 2). In 
addition to activating those antiviral signaling pathways, RIG-I 
and MDA5 have also been shown to activate interferon-indepen-
dent apoptosis, although the details of this mechanism remain less 
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Fig. 1 | Sensing of dsDNA by the cGAS–STING pathway. After entering 
the cell cytosol, dsDNA from viruses, bacteria and dead cells can bind 
to and elicit activation of cGAS; this leads to cGAMP synthesis. cGAMP 
activates STING at the ER membrane, which leads to translocation of 
STING to the ERGIC and Golgi, where interaction with TBK1 occurs through 
the C-terminal tail of STING, an event facilitated by the palmitoylation of 
STING. Activated TBK1 phosphorylates STING and thereby enables the 
recruitment of IRF3, which is phosphorylated by TBK1. Phosphorylated IRF3 
dimers translocate to the nucleus to induce de novo expression of type I 
interferons. Activation of STING can also occur in a cGAS-independent 
fashion after direct uptake via SLC19A1 or gap junctions.
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clear40–42. In contrast to RIG-I and MDA5, LGP2 does not directly 
interact with MAVS and thus lacks the antiviral signaling activity43. 
Instead, LGP2 has been found to have opposite effects on RIG-I 
and MDA5. While LGP2 downregulates RIG-I’s signaling activity, 
it upregulates that of MDA544–46. LGP2 has been found to be essen-
tial for MDA5-mediated signaling activity under certain circum-
stances47. LGP2 can promote the recognition of dsRNA by MDA5 
through two independent mechanisms: by protecting dsRNA from 
cleavage mediated by the endoribonuclease Dicer, and by assisting 
recruitment of MDA5 to dsRNA48,49.

Biochemical and structural studies have shown the mechanism 
by which RIG-I and MDA5 recognize RNA and activate MAVS. 
RIG-I and MDA5 commonly have N-terminal tandem caspase-
recruitment domains (CARDs), a central helicase domain and a 
C-terminal domain (CTD). While CARDs interact with MAVS for 
signal activation, the helicase domain and CTD recognize cognate 
dsRNA. Early studies showed that CARD is auto-suppressed in the 
absence of dsRNA binding and that binding of dsRNA releases the 
auto-suppression and activates antiviral signaling50,51. However, 
more-detailed studies found that binding of cognate RNA and 
release of auto-repression is necessary but not sufficient for this, and 
that homo-tetramerization of CARD is required for signal activa-
tion by both RIG-I and MDA552–54. It has additionally been shown 

that the RNA-binding domain (helicase–CTD) of RIG-I and MDA5 
can independently form filamentous oligomers along the dsRNA 
length and that this can promote CARD tetramerization and anti-
viral signaling53,55. A published study has shown that the formation 
of RIG-I filaments facilitates not only the tetramerization of CARD 
but also the recruitment of RIPLET, the essential E3 ligase that con-
jugates Lys63 (K63)-linked ubiquitin chains to RIG-I56. Conjugated 
ubiquitin chains then bind and stabilize the RLR CARDs tetramer 
and further potentiate antiviral signaling54. The tetramer of RLR 
CARDs then functions as a nucleus for the induction of MAVS 
filament formation52,54,57. Filamentous MAVS in turn serves as a 
signaling platform for the recruitment and activation of members 
of the TRAF family, TBK1, IRF3 and other downstream signaling 
molecules for the transcriptional activation of type I and III inter-
ferons35,58 (Fig. 2).

Regulatory factors that filter noise from danger
Nucleic acids are the most conserved molecules in the evolution of 
life. During infection, pathogen-derived nucleic acids can bear cer-
tain structural features that are normally not present on cytosolic 
nucleic acid species; however, in many cases, nucleic acid sensors 
are unable to molecularly distinguish self nucleic acids from non-
self nucleic acids. The fact that mammalian cells are able to mount 
adequate responses, for example, only when triggered by infection 
or overt cell stress is due to multiple molecular safeguard strategies 
that restrict the activity of nucleic acid sensors at steady state. In 
the following sections, we highlight side-by-side mechanisms that 
interfere with DNA signal-transduction pathways and RNA signal-
transduction pathways at distinct stages and guide appropriate 
responses of cGAS and RLRs, respectively. Key regulatory features 
shared among the nucleic acid signaling cascades include spatio-
temporal organization, post-translational modification (PTM), 
antagonizing of protein binders and polymerization and/or oligo-
merization (Table 1).

Regulatory determinants at the level of DNA
The ability of cGAS to be activated by DNA is critically deter-
mined by structural features of the DNA duplex and is affected 
both by auxiliary factors and by antagonizing factors that bind or 
modify dsDNA (Fig. 3). As highlighted above, the activity of cGAS 
is regulated by dsDNA in a strictly length-dependent manner18,59. 
An obvious interpretation of such findings is that the presence of 
sufficiently long stretches of cytosolic dsDNA signals serious dam-
age or infection that can no longer be counteracted by the action 
of cytosolic nucleases (discussed below). Long dsDNA can even 
be ‘tuned’ through modifications that render it more resistant 
to nuclease cleavage through, for example, the incorporation of  
oxidized bases60. It is possible that additional PTM of DNA, such 
as methylation, may affect its capacity to either bind to or activate 
cGAS. Of note, although cGAS readily binds RNA, RNA does not 
activate cGAS because RNA fails to rearrange the enzymatic pocket. 
Possibly DNA modifications may exist that act in a similar manner 
or may even serve as a dominant negative ligand on cGAS. Along 
these lines, we note that a synthetic oligonucleotide comprising 
repetitive telomeric sequences and phosphorothioate backbone 
modifications inhibited dsDNA-triggered cGAS activity inside 
cells61. Endogenous dsDNA is normally bound by chromatin factors 
that seem to act as general inhibitory molecules that structurally 
hinder DNA-sensing proteins from accessing DNA in a ‘free’ state. 
Accordingly, although it is still able to activate cGAS, chromatinized 
DNA is reported to be considerably less active as a ligand than is 
naked dsDNA62,63. Seemingly counterintuitive, DNA-binding pro-
teins, on the other hand, have also been found to facilitate the activ-
ity of cGAS in certain contexts. For example, the alarmin HMGB1, 
the transcription factor TFAM and the bacterial protein HU bind to 
and structure dsDNA in a way that promotes cooperative binding 
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Fig. 2 | The RLR signal-transduction pathway. After entering the cell 
cytosol, RNA from viruses, bacteria and dead cells can bind to and elicit 
activation of RIG-I or MDA5. Activation of RLRs is dependent on the 
formation of RNA-induced filaments and CARD tetramerization. Through 
CARD–CARD interactions, RLRs activate MAVS at the mitochondrial 
membrane to oligomerize into larger filaments. Recruitment of TRAF2, 
TRAF3, TRAF5 and TRAF6 and TBK1 to MAVS filaments results in the 
assembly of a complex that is crucial for the activation of IRF3 and NF-κB. 
MAVS filaments can also be generated at membranes of the peroxisome 
and at the mitochondrial–endoplasmic reticulum junction (MAM).
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Cellular components of the innate 
immune system



Three categories of antimicrobial functions of epithelia 

1) Mechanical / Physical 
‣ Tight junctions 

‣ Production of mucus, composed of glycoproteins called mucins, that prevents the 
adhesion of pathogen to epithelial surface 

‣ Peristalsis (e.g., in the gut) 

2) Chemical 

3) Microbiological  
(commensal bacteria / microbiota) 
‣ Production of antimicrobial substance  

(e.g., lactic acid by some lactobacilli) 

‣ Induction of responses  
(e.g., antimicrobial peptide production) 
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Epithelial surfaces: the first line of defense

defect in mucus production: cystic fibrosis 



Different antimicrobial proteins are produced by epithelial cells and 
phagocytes. 

General substances: acid pH (stomach), digestive enzyme, bile, fatty acids 

Antibacterial enzymes: 
1) Lysozyme 

‣ Secreted in tears, saliva and by phagocytes  
and Paneth cells 

‣ Selectively cleaves peptidoglycan  
➔ More effective against Gram-positive 
bacteria 

2) Secretory phospholipase A2  

‣ Basic enzyme 
‣ enters bacterial cell walls to cleave  

phospholipids
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Antimicrobial proteins



Antimicrobial peptides: huge class of evolutionary highly conserved substances 
(conserved in plants, drosophila), classified in 3 major types ➔ defensins, cathelicidins, 
histatins 

‣ Short cationic peptides, which derive  
from an inactive propeptide through  
being processed by cellular proteases 

‣ Common amphipathic structure (two  
separate regions: one positively  
charged, the other hydrophobic)  
➔ functionally important! 

‣ Act within minutes to disrupt the  
membrane of bacteria, fungi and also  
certain viruses involving the formation  
of a membrane pore 
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Antimicrobial peptides



Neutrophils store α-defensins in primary granules, which 
can fuse with phagosomes  
Paneth cells constantly secret crypticidins (processed by 
trypsin) 
β-defensins produced in response to certain stimuli or can 
be stored in lamellar bodies of kerationcytes or type II 
pneumocytes in the lung 

Antimicrobial peptides storage



Phagocytes (1)

Phagocytes, including neutrophils and macrophages, are cells whose 
primary function is to ingest and destroy microbes and remove 
damaged tissues. 

Neutrophils (polymorphonuclear leukocytes (PMNs)):  
• produced in the bone marrow 
• most abundant population of circulating white blood 

cells (more than 1 × 1011 neutrophils per day 
produced in an adult) 

• contains two types of membrane-bound granules 
• principal cell type in acute inflammatory reactions 
• major function: phagocytose microbes and destroy 

these in phagolysosomes, killing of extracellular 
microbes through release of granular content 



Phagocytes (2)

Mononuclear phagocytes:  
• includes circulating cells called 

monocytes, which become 
macrophages when they migrate into 
tissues, and tissue resident 
macrophages, which are derived 
mostly from hematopoietic precursors 
during fetal life (see figure) 

• Monocytes: produce inflammatory 
mediators, are phagocytic, and are 
rapidly recruited to sites of infection 
or tissue injury 

• Macrophages: ingest and kill 
microbes, dispose of apoptotic cells, 
APCs, tissue repair after injury 



Dendritic cells (DCs) (1)
  
• arise from both myeloid and lymphoid progenitors in the bone marrow 
• migrate through the blood to peripheral lymphoid organs and tissues 
• most potent Antigen-presenting cells (APCs) 



Dendritic cells (DCs) (2)

DCs exist in two different states: immature and mature

� Immature DCs occur in all tissues where antigen may enter
into the body

Immature DCs

� high capacity for antigen uptake but a limited capacity for
antigen presentation

Immature DCs express a large number of receptors:

¾ chemokine receptors (CCR1, CCR2, CCR5, CCR6)

¾ endocytic receptors by which they can capture antigens.
� non-opsonic receptors (DC-SIGN, mannose receptor)
specific for microbial products.
� opsonic receptors: Fc & complement receptors
� integrin receptors, which are involved in the uptake of
apoptotic bodies.

¾ sensing receptors by which they can integrate information
about the antigen
� TLRs
� Cytokine receptors

Immature Dendritic cells

� Mature DCs are exclusively found in the T cell areas of secondary lymphoid organs.

CD80

� They are characterized by a high propensity for antigen presentation
and T cell activation but a reduced ability to capture antigens.

� Mature DCs express the following :
¾ Chemokine receptor CCR7, so that they can leave non lymphoid
peripheral tissues and migrate to secondary lymphoid organs where
ligands for CCR7 are constitutively expressed.

¾ Adhesion molecules required for interacting with T cells

¾ Cell surface MHC class II molecules required for antigen
presentation.

¾ Co-stimulatory molecules (CD80, CD86, CD40) required for
activation of reactive T cells.

¾ By contrast, they no longer express endocytic receptors

Mature Dendritic cells
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Immature DCs occur in all tissues where 
antigen may enter into the body  

high capacity for antigen uptake but a 
limited capacity for antigen 
presentation  

Mature DCs are exclusively found in the T cell 
areas of secondary lymphoid organs  

They are characterized by a high 
propensity for antigen presentation and 
T cell activation but a reduced ability to 
capture antigens.  



Dendritic cells (3)



Natural killer cells and innate lymphoid cells
  
• Subsets of bone marrow–derived cells with lymphoid morphology and effector 

functions similar to those of T cells but lacking T cell antigen receptors  
• Provide early defense against infectious pathogens, recognize damaged/stressed 

cells, instruct adaptive immune responses 

Innate lymphoid cells:  
• Function still under intensive research 

investigation 
• It is possible that ILCs are early responders 

to microbes that colonize tissues, and over 
time this role is assumed by differentiated 
effector T cells, which are more specific 
and produce larger amounts of cytokines



Natural killer cells (NK cells) (1)
  
• NK cells are cytotoxic cells that play important roles in innate immune responses, 

mainly against viruses and intracellular bacteria. 
• Mostly found in the blood and spleen. 
• Develop in the BM from same precursor as T cells and B cells 
• Distinctive cytoplasmic granules (containing cytotoxic proteins including granzyme 

and perforin) 
• Function to contain infection until the AG-specific T cell response is established (!) 
• Activation of killing via NK cells is accomplished by type I IFNs or other cytokines 

(IL-12) 



Natural killer cells (NK cells) (2)
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Natural killer cells (NK cells) (3)

NK cell function is enhanced 
by IL-12, type I IFNs, IL-18 
and, IL-15. 



Natural killer cells (NK cells) (4)
  
• NK cells distinguish infected and stressed cells from healthy cells, and NK cell 

function is regulated by a balance between signals that are generated from activating 
receptors and inhibitory receptors. 



Structure and ligands of NK cell receptors

  
• NK cell receptors belong to 

either the KIR (=killer cell 
immunoglobulin-like receptors) 
or the C-type lectins 

• KIR genes are polymorphic, 
meaning that several allelic 
variants exist in the human 
population 



Mast cells

  
• Mast cells are bone marrow–derived cells 

present in the skin and mucosal epithelia 
• Contain granules, which are filled with 

preformed inflammatory mediators, such as 
histamine 

• Express high-affinity plasma membrane 
receptors for a type of antibody called IgE 

• Express PRRs 
• Upon activation, they release many potent 

inflammatory mediators that defend against 
parasite infections, or cause symptoms of 
allergic diseases. 


