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 The immune system is complex and is divided in two 
categories:  

 i) the innate or nonspecific immunity, which consists 
of the activation and participation of preexistent 
mechanisms including the natural barriers (skin and 
mucosa) and secretions;  

 ii) the adaptive or specific immunity, which is targeted 
against a previously recognized specific 
microorganism or antigen.  

 Thus, when a given pathogen is new to the host, it is 
initially recognized by the innate immune system and 
then the adaptive immune response is activated .  



 Innate immunity is the host’s first line of defense and 
is intended to prevent infection and attack the 
invading pathogens.  

 This nonspecific mechanism is fast (minutes to hours) 
while the adaptive response takes longer (days to 
weeks) 

 The innate immune response is the first mechanism 
for host defense found in all multicellular organisms.  

 The innate immune system is more ancient than the 
acquired or adaptive immune response, and it has 
developed and evolved to protect the host from the 
surrounding environment in which a variety of toxins 
and infectious agents including bacteria, fungi, viruses 
and parasites are found 



 Innate immunity is comprised of different components 
including: 

  physical barriers enzymes (i.e., lysozyme,pH of 
stomach) 

  anatomical barriers; (tight junctions in the skin, 
epithelial and mucous membrane surfaces, mucus 
itself); epithelial and phagocytic cell,  

 phagocytosis (i.e., neutrophils, monocytes, 
macrophages),  

 inflammation-related serum proteins (e.g., 
complement, C-reactive protein, lectins such as 
mannose-binding lectin, and ficolins); surface and 
phagocyte granule antimicrobial peptides (e.g., 
defensins, cathelicidin, etc.); 



Components of the innate immune 

system 
COMPONENT FUNCTION 

Barriers 

Skin Prevents microbial entrance 

Mucosa 

Prevents microbial entrance, secretes 

proteins and enzymes, absorbs metabolic 

substrates 

Effector cells 

Granulocytes 

Phagocytosis, cytokine production, 

protein and enzyme secretion, destruction 

of pathogens 



Monocytes/macrophages 

Phagocytosis, cytokine production, 

protein and enzyme secretion, 

destruction of pathogens 

Dendritic cells 

Phagocytosis, cytokine production, 

protein and enzyme secretion, 

destruction of pathogens 

Natural killer (NK) cells 

Lysis of infected and tumoral cells, 

activation of macrophages through 

cytokine production 

Innate lymphoid cells 

Mediate immune response and 

regulate tissue homeostasis and 

inflammation 

Endothelial/epithelial cells 
Microbial recognition, cytokine 

production 

Antimicrobial peptides 

Destruction of invading pathogens 



Soluble mediators 

Cytokines 

TNF-α, IL-1, chemokines 
Mediate immune response and 

inflammation 

IFN-α 
Involved in resistance to viral 

infection 

IFN-γ 

Involved in resistance to intracellular 

pathogen infection and activation of 

macrophages 

IL-12 
Stimulates IFN-γ production by NK 

cells and T lymphocytes 

IL-15 Stimulates NK cell proliferation 

IL-10 
Regulates and controls the 

inflammation process 

TGF-β 
Regulates and controls the 

inflammation process 



Serum proteins 

Complement system 
Opsonization, destruction of pathogens, 

and T lymphocyte activation 

Collectins 
Opsonization of pathogens and 

complement activation 

C reactive protein 
Opsonization of pathogens and 

complement activation 

Coagulation system 
Localization of damage or infected 

tissue 

Cellular receptors 

TLRs 
Recognize a variety of microbial 

components 

NLRs 
Sense bacterial components present in 

the cytoplasm 

CLRs 
Recognize sugar moieties of bacteria 

and fungi 

RLRs Sense viral RNA 



 

 Effectors molecules and microbicidal 

mechanisms of innate immunity 
 There are several chemical and enzymatic compounds 

capable of inhibiting and destroying microbial 
pathogens. 

  -lysozyme, which is present in the saliva, tears, and nasal secretions  

  hydrochloric acid and digestive proteins  

 C-  transferrin, lactoferrin and fibronectin that can control the growth 
of the host’s normal microbiota 

 Plasma proteins include the secreted PRRs: MBL and CRP. 
These molecules recognize carbohydrates which are acting as 
opsonins. In addition, these PRRs may bind and activate 
complement factors such as C1q thus enhancing the 
inflammatory response 

 The coagulation system, in addition to its role in controlling 
bleeding and clotting formation during a tissue injury, is also 
involved in the innate immune response by preventing 
microbial dissemination. Fibrinogen, 



 Complement is considered one of the most important 
enzymatic systems involved in the innate immune 
response 

 Reactive oxygen species (ROS) and reactive oxygen 
intermediates (ROI) are produced by mammalian 
cells, particularly phagocytes, as a reaction against 
several microbial pathogens . These molecules are 
generated by activation of the enzymatic complex 
nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase (NOX2) and include superoxide 
anion (O2

-), hydrogen peroxide (H2O2), hydroxyl 
radical (·OH), peroxynitrite (ONOO-),hypochlorous 
acid (-OCl), . Both ROS and ROI are known to play 
diverse roles in inflammation, host defense, and 
homeostasis. 
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 Oxygen-independent mechanisms 
Innate cells, mainly phagocytes, are equipped with an enzymatic 

arsenal capable of destroying several microorganisms. These 
enzymes include proteases, cationic proteins, lysozyme, 
elastases, capthesin G, defensins, etc., all of which exhibit 
microbicidal activities 

 Antimicrobial peptides (AMPs) 

 AMPs are host defense peptides secreted mainly by innate and 
epithelial cells including keratinocytes. Their antimicrobial activity 
is broadly based especially against fungi, bacteria, and viruses . 
About 1700 AMPs have been described so far. They are found 
constitutively or can be induced after activation of the host cells 
through several PRRs during an infection or injury.  

 Additionally, these AMPs are involved in other cell processes 
including cell migration, proliferation, differentiation, cytokine 
production, angiogenesis, and wound healing, along with other 
functions 

 



 Nitric oxide (NO) 

 produced by an oxidative mechanism involving the 
catabolism of L-arginine . NO production by the 
enzymatic action of inducible nitric oxide synthase 
(iNOS) represents one of the major microbicidal 
mechanisms that phagocytic cells use against several 
pathogens .  

 In turn, iNOS can be induced by several stimuli, 
including IFN-γ, TNF-α, and LPS, and is expressed by 
immune cells such as macrophages, neutrophils, 
dendritic cells, and NK cells .  

 Like ROS, NO may be involved in inflammation and 
its regulation process. 

 





 Extracellular traps 

 Extracellular DNA traps are part of innate immunity and are 
associated with infectious processes and allergic and 
autoimmune diseases.  

 These structures are generated by different leukocytes including 
neutrophils, eosinophils, monocytes, and mast cells. They are 
called NETs, EETs, METs, and MCETs respectively.  

 Extracellular traps are composed of DNA, histones, and the 
content of the intracellular granules such as elastase, 
myeloperoxidase (MPO), cathelicidins, tryptase, cationic 
proteins, and major basic protein, etc.  

 These traps are induced by the action of the 
granulocyte/macrophage-colony stimulating factor (GM-CSF), 
interferons, IL-8, C5a, and LPS. Once formed, extracellular traps 
are capable of binding to and killing microbial pathogens. As was 
mentioned, these DNA traps may be involved in the development 
of autoimmune and chronic inflammatory diseases  

 







Characteristics of the innate immune system and 

its recognition mechanisms 

 

 1-Innate immune response is characterized by its 

ability to distinguish structural components from 

microbial pathogens, which are present only in these 

microorganisms and are absent in the normal host 

cells. This recognition process is mediated by a 

variety of proteins present in the host cells such as 

the PRRs, 

 innate immunity may identify clusters of 

microorganisms while adaptive immunity may 

distinguish between different antigens from one 

microorganism  



 2- Another characteristic is that the innate 

immune response does not generate 

immunological memory after the recognition of 

the pathogen while adaptive immunity does  



Pattern Recognition Receptors PRPs  
 PRRs are evolutionarily conserved receptors that 

detect relatively invariant molecular patterns found in 
most microbial agents, the PAMPs. PRRs not only 
recognize PAMPs from invading pathogens but also 
have the ability to sense inflammatory components, 
also called damage-associated molecular patterns 
(DAMPs), released from damaged cells.  

PRRs include 

  TLRs,  

 NOD-like receptors (NLRs), 

  C-type lectin receptors (CLRs),  

 and RIG-I-like receptors (RLRs)  





TLR 
 To date, 10 TLRs have been identified in humans (TLR1-10) and 

12 in mice. TLRs 1, 2, 4, 5, and 6 are expressed on the cell 

surface, while TLRs 3, 7, 8, 9, and 10 are found at the cytoplasm 

level. 

 The main interactions of TLRs and their ligands are the following:  

 TLR1/TLR2 recognize triacylated lipopetides,  

 TLR3 binds double-strand (dsRNA),  

 TLR4 recognizes LPS, 

  TLR5 binds flagellin, 

  TLR2/TLR6 bind diacylated lipopetides and lipoteichoic acid 

(LTA),  

 TLR4/TLR6 recognize oxidized lipids (OxLDL) and β-amyloid, 

  TLR7 and TLR8 sense single-strand (ssRNA),  

 and TLR9 recognizes unmethylated CpG DNA and hemozoin 



 C-type lectin receptors (CLRs) 

 CLRs are considered the other major PRR family. 
These PRRs recognize not only sugar moieties from 
bacteria and fungi but also molecules associated with 
dead or dying cells .  

 This family consists of two groups, those present on 
the cell membrane and the soluble forms, which are 
secreted mainly by immune cells. Membrane CLRs 
include : 

 Dectin-1, which recognizes β-glucans present in the 
fungal cells;  

 Dectin-2, which recognizes both high-mannose 
structures and α-mannan; mannose receptors (MR) 
that recognize N-linked mannan 

 



 NOD-like receptors (NLRs) 

 The nucleotide-binding oligomerization domain (NOD) 
receptors (NLRs) are intracellular PRRs that sense 
bacterial components including peptidoglycans, which 
are directly introduced into the cytoplasm .  

 NLRs include several family members such as NODs 
(NOD 1–4), NLRPs (NLRP 1–14), and IPAF. These 
molecules are regulators of immunity in response to a 
variety of pathogens .  

 NOD expression is regulated by IFN-γ and TNF-α, 
and polymorphisms in NOD2 gene influence the risk 
of acquiring Crohn’s disease 

 



 RIG-like receptors (RLRs) 

 Retinoic acid inducible gen-I (RIG)-like receptor 

(RLRs) is an intracellular protein able to sense 

viral dsRNA during viral replication. 

  RIG-I consists of two N-terminal caspase 

recruitment domains (CARD) and a RNA helicase 

domain. After interaction with its ligand, this 

receptor induces the production of antiviral 

cytokines such as IFNs and thus modulates the 

anti-viral immune response 





 

 Pathogen–associated molecular 

patterns (PAMPs) 
 PAMPs are polysaccharides and polynucleotides in 

nature and they are shared by several groups of 
pathogens. These molecules are conserved at the 
molecular level within a class of pathogens.  

 PAMPs include a variety of molecules recognized 
mainly by PRRs. The most characteristic PAMP 
molecules are: LPS, an endotoxin found in the Gram 
negative bacterial membranes, lipoteichoic acid from 
Gram positive bacteria, bacterial flagellin, 
peptidoglycan, ssRNA and dsRNA from viruses, 
unmethylated DNA (CpG motifs), mannose present on 
yeast surfaces, and β-glucans present on the fungal 
cell wall 

 



 Damage-associated molecular patterns (DAMPs) 

 Besides recognition of microbial PAMPs, the immune system has the 
ability to sense other signals associated with infection or tissue damage, 
including host components released from infected, damaged, or necrotic 
cells, which, in turn, are able to activate and amplify the immune 
response.  

 These components are called damage-associated molecular patterns 
(DAMPS) or alarmins. These inflammatory components liberated from 
damaged cells include nucleic acids, intracellular proteins, 
extracellular matrix components, oxidized lipids, crystals such as 
uric acids, silica, β-amyloid, and cholesterol .  

 One of the differences between PMAPs and DAMPs is that the previous 
stimulate the synthesis of pro-IL-1β, but not its secretion while the latter 
stimulates the assembly of inflammasome with subsequent activation of 
caspase-1. This, in turn, cleaves pro-IL-1β into IL-1β thus allowing its 
secretion . Sensing these endogenous ligands by the corresponding 
PRRs induce persistent inflammation, a phenomenon associated with 
the development of chronic inflammatory and autoimmune diseases 

 



 Inflammation 

 Inflammation is a nonspecific mechanism generated 
by the host in response to an infectious, physical, or 
chemical injury with recruitment of peripheral blood 
leukocytes and plasma proteins to the site of injury or 
tissue damage. 

  In this process, there is an increase in both blood 
flow and vascular permeability, mainly in the vascular 
endothelial at the local level. Vascular permeability is 
a consequence of the endothelial cell retraction to 
allow the transmigration of leukocytes and the ingress 
of plasmatic proteins such as complement, 
coagulation factors, and antibodies, 

 



 After an injury, there is tissue damage with the release of 
components by epithelial or endothelial cells as well as by 
cells present in that tissue such as mast cells or ILCs.  

 These substances include histamine, leukotrienes, 
extracellular matrix components, and pro-inflammatory 
cytokines and chemokines, all of which have the ability to 
induce chemotaxis and cell adhesion molecule (CAM) 
expression in both endothelium and leucocytes.  

 These CAMs include selectins, integrins, immunoglobuline-
like superfamily molecules and cadherins. Expression of 
these CAMs allows interaction between leukocytes and 
endothelium and the subsequent leukocyte transmigration at 
the site of the injury. In the latter process, cells are guided by 
chemoattractant stimuli 





 The cell migration process is complex and 

depends on cell type as well as on the 

differentiation and activation state of the cells .  

 As was mentioned, the first cells recruited at the 

site of the injury are neutrophils. They are also 

the most abundant during the first hours or days 

of the inflammation process followed by 

mononuclear cells. If the inflammatory reaction 

cannot be resolved, this process may become 

chronic with other implications for the host. 





Adaptive immunity   

 
 The adaptive, or acquired, immune response takes 

days or even weeks to become established—much 
longer than the innate response;  

 adaptive immunity is more specific to pathogens 

 involves a memory to provide the host with long-term 
protection from reinfection with the same type of 
pathogen; on re-exposure, this memory will facilitate 
an efficient and quick response. 

  Adaptive immunity is an immunity that occurs after 
exposure to an antigen either from a pathogen or a 
vaccination. This part of the immune system is 
activated when the innate immune response is 
insufficient to control an infection. 



 There are two types of adaptive responses: 

the cell-mediated immune response, which is 

carried out by T cells, and the humoral immune 

response, which is controlled by activated B cells 

and antibodies. Activated T cells and B cells that 

are specific to molecular structures on the 

pathogen proliferate and attack the invading 

pathogen. 



 The innate immune system contains cells that detect 

potentially harmful antigens, and then inform the 

adaptive immune response about the presence of 

these antigens.  

 An antigen-presenting cell (APC) is an immune cell 

that detects, engulfs, and informs the adaptive 

immune response about an infection. When a 

pathogen is detected, these APCs will phagocytose 

the pathogen and digest it to form many different 

fragments of the antigen. Antigen fragments will then 

be transported to the surface of the APC, where they 

will serve as an indicator to other immune cells. 



 Dendritic cells are immune cells that process 

antigen material; they are present in the skin 

(Langerhans cells) and the lining of the nose, 

lungs, stomach, and intestines. Sometimes a 

dendritic cell presents on the surface of other 

cells to induce an immune response, thus 

functioning as an antigen-presenting cell.  

 Macrophages also function as APCs.  

 Before activation and differentiation, B cells can 

also function as APCs. 



 After phagocytosis by APCs, the phagocytic vesicle fuses 
with an intracellular lysosome forming phagolysosome. 
Within the phagolysosome, the components are broken 
down into fragments; the fragments are then loaded onto 
MHC class I or MHC class II molecules and are 
transported to the cell surface for antigen presentation,  

 T lymphocytes cannot properly respond to the antigen 
unless it is processed and embedded in an MHC II 
molecule. APCs express MHC on their surfaces, and when 
combined with a foreign antigen, these complexes signal a 
“non-self” invader. Once the fragment of antigen is 
embedded in the MHC II molecule, the immune cell can 
respond. Helper T- cells are one of the main lymphocytes 
that respond to antigen-presenting cells. Recall that all 
other nucleated cells of the body expressed MHC I 
molecules, which signal “healthy” or “normal.” 
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 T and B Lymphocytes 

 Lymphocytes in human circulating blood are approximately 80 to 
90 percent T cells and 10 to 20 percent B cells. 

 the T cells are involved in the cell-mediated immune response, 
whereas B cells are part of the humoral immune response. 

 T cells encompass a heterogeneous population of cells with 
extremely diverse functions. 

  Some T cells respond to APCs of the innate immune system, 
and indirectly induce immune responses by releasing cytokines. 

  Other T cells stimulate B cells to prepare their own response.  

 Another population of T cells detects APC signals and directly 
kills the infected cells. 

  Other T cells are involved in suppressing inappropriate immune 
reactions to harmless or “self” antigens. 
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Helper T Lymphocytes 

 
 The TH lymphocytes function indirectly to identify potential 

pathogens for other cells of the immune system. These 
cells are important for extracellular infections, such as 
those caused by certain bacteria, helminths, and protozoa. 
TH lymphocytes recognize specific antigens displayed in 
the MHC II complexes of APCs.  

 There are two major populations of TH cells: TH1 and TH2. 
TH1 cells secrete cytokines to enhance the activities of 
macrophages and other T cells. TH1 cells activate the 
action of cytotoxic T cells, as well as macrophages. TH2 
cells stimulate naïve B cells to destroy foreign invaders via 
antibody secretion.  

 Whether a TH1 or a TH2 immune response develops 
depends on the specific types of cytokines secreted by 
cells of the innate immune system, which in turn depends 
on the nature of the invading pathogen. 

 





 The TH1-mediated response involves macrophages and is 
associated with inflammation 

 Some intracellular bacteria, such as Mycobacterium 
tuberculosis, have evolved to multiply in macrophages 
after they have been engulfed. These pathogens evade 
attempts by macrophages to destroy and digest the 
pathogen.  

 When M. tuberculosis infection occurs, macrophages can 
stimulate naïve T cells to become TH1 cells. These 
stimulated T cells secrete specific cytokines that send 
feedback to the macrophage to stimulate its digestive 
capabilities and allow it to destroy the colonizing M. 
tuberculosis. In the same manner, TH1-activated 
macrophages also become better suited to ingest and kill 
tumor cells. In summary; TH1 responses are directed 
toward intracellular invaders while TH2 responses are 
aimed at those that are extracellular. 



Cytotoxic T Lymphocytes 

 
 CTLs, a subclass of T cells, function to clear infections 

directly. The cell-mediated part of the adaptive immune 
system consists of CTLs that attack and destroy infected 
cells. CTLs are particularly important in protecting against 
viral infections; this is because viruses replicate within cells 
where they are shielded from extracellular contact with 
circulating antibodies. When APCs phagocytize pathogens 
and present MHC I-embedded antigens to naïve CD8+ T 
cells that express complementary TCRs, the CD8+ T cells 
become activated to proliferate according to clonal 
selection. These resulting CTLs then identify non-APCs 
displaying the same MHC I-embedded antigens (for 
example, viral proteins)—for example, the CTLs identify 
infected host cells 



 Intracellularly, infected cells typically die after the 
infecting pathogen replicates to a sufficient 
concentration and lyses the cell, as many viruses 
do. CTLs attempt to identify and destroy infected 
cells before the pathogen can replicate and 
escape, thereby halting the progression of 
intracellular infections. CTLs also support NK 
lymphocytes to destroy early cancers. Cytokines 
secreted by the TH1 response that stimulates 
macrophages also stimulate CTLs and enhance 
their ability to identify and destroy infected cells 
and tumors 





 B Lymphocytes 
 When stimulated by the TH2 pathway, naïve B cells 

differentiate into antibody-secreting plasma cells. 
A plasma cell is an immune cell that secrets 
antibodies; these cells arise from B cells that were 
stimulated by antigens. Similar to T cells, naïve B cells 
initially are coated in thousands of B cell receptors 
(BCRs), which are membrane-bound forms of Ig 
(immunoglobulin, or an antibody). The B cell receptor 
has two heavy chains and two light chains connected 
by disulfide linkages. Each chain has a constant and a 
variable region; the latter is involved in antigen binding. 
Two other membrane proteins, Ig alpha and Ig beta, 
are involved in signaling 



 The receptors of any particular B cellare all the same, but the 
hundreds of millions of different B cells in an individual have 
distinct recognition domains that contribute to extensive diversity 
in the types of molecular structures to which they can bind. 

  In this state, B cells function as APCs. They bind and engulf 
foreign antigens via their BCRs and then display processed 
antigens in the context of MHC II molecules to TH2 cells. When a 
TH2 cell detects that a B cell is bound to a relevant antigen, it 
secretes specific cytokines that induce the B cell to proliferate 
rapidly, which makes thousands of identical (clonal) copies of it, 
and then it synthesizes and secretes antibodies with the same 
antigen recognition pattern as the BCRs. The activation of B 
cells corresponding to one specific BCR variant and the dramatic 
proliferation of that variant is known as clonal selection. 
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A memory cell 
  is an antigen-specific B or T lymphocyte that 

does not differentiate into effector cells during the 
primary immune response, but that can 
immediately become effector cells upon re-
exposure to the same pathogen. During the 
primary immune response, memory cells do not 
respond to antigens and do not contribute to host 
defenses. As the infection is cleared and 
pathogenic stimuli subside, the effectors are no 
longer needed, and they undergo apoptosis. In 
contrast, the memory cells persist in the 
circulation 
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 If the pathogen is never encountered again during the 
individual’s lifetime, B and T memory cells will circulate for a 
few years or even several decades and will gradually die off, 
having never functioned as effector cells. However, if the host 
is re-exposed to the same pathogen type, circulating memory 
cells will immediately differentiate into plasma cells and CTLs 
without input from APCs or TH cells. One reason the adaptive 
immune response is delayed is because it takes time for 
naïve B and T cells with the appropriate antigen specificities 
to be identified and activated. Upon reinfection, this step is 
skipped, and the result is a more rapid production of immune 
defenses. Memory B cells that differentiate into plasma cells 
output tens to hundreds-fold greater antibody amounts than 
were secreted during the primary response, 
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 Innate lymphoid cells 

 Netosis 

 AMP 

 


