
Innate immunity
Rapid and short-lived | Nonspecific1

Nonspecific and direct response1 
A  Phagocytosis (digest and kill exogenous factors)
B  Production and release of antimicrobial peptides 
C  �Induction of inflammatory mediators (e.g., cytokines, 

chemokines, neuropeptides, eicosanoids)  

Key cells of the innate immune system1,2

• �Macrophages: phagocytosis, antigen presentation
• �Neutrophils: phagocytosis, degranulation (against bacterial 

and fungal infection)
• �Basophils, mast cells: degranulation, release of inflammatory 

mediators (in response to allergens)
• �Monocytes: differentiation into macrophages and dendritic 

cells to elicit immune response
• �NK cells: tumor rejection, destruction of infected cells, release 

of perforin and granzymes which induce apoptosis

Antigen Presenting Cells (APCs)1-4

(A link between innate and adaptive immune response)
Antigen presenting cells process and present the antigens using 
MHC molecules to train immune cells1-3

• �Professional APCs (dendritic cells, macrophages, Langerhans 
cells, B cells) present antigenic peptides using MHC II and 
costimulatory molecules1,3 

• �Nonprofessional APCs (ILCs, fibroblasts, epithelial cells, 
endothelial cells) present antigenic peptides using MHC I;  do 
not typically express MHC II and costimulatory molecules2,3,5-8

Adaptive immunity
Delayed but long-lasting | Pathogen-specific1

Pathogen-specific response1,2

D  ��Generation of pathogen-specific immunologic effector 
pathways that eliminate specific pathogens or pathogen-
infected cells  

E  �Recognition of specific non-self antigens
F  �Development of immunologic memory that eliminates a 

specific pathogen in subsequent exposure

Key cells of the adaptive immune system1,2,9,10

• �T cells originate from bone marrow and mature in the “T”hymus 
Details on T cells are on the next page

      – �Naïve T cells (Th0)
      – �Effector T cells (Teff) including helper T cells (Th), regulatory T 

cells (Treg), and cytotoxic T cells
      – Memory T cells
• �B cells develop in “niche” – a complex microenvironment 

created by the stromal cells of the bone marrow
      – B cells 
      – Plasma cells 
Details on B cells are not covered in this infographic

APC, antigen-presenting cell; CD, cluster of differentiation; ILC, innate lymphoid cell; MHC, major histocompatibility complex; NK, natural killer; TCR, T-cell receptor. 
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A  Phagocytosis

C  �Inflammatory 
mediators

D  �Th activate bactericidal 
activity of macrophages

D  �Th proliferate and differentiate 
into diverse subsets of Teff 
to eliminate specific types of 
pathogens

F  �After pathogens have been 
cleared, majority of Teff undergo 
apoptosis, while remaining cells 
contribute to development of 
memory T cells

D  �Cytokines produced by Th lead to B-cell maturation 
and proliferation into antibody-producing B cells 
(plasma cells)

E  �Antibodies recognize and bind 
to non-self proteins (antigens) to 
destroy the foreign peptide or 
infected cells 

F  �Memory B cells 
respond to 
subsequent 
infection by the same 
exogenous factors

D  �Development of 
cytotoxic T cells
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Continue reading on the next 
page to delve deeper into T-cell 

costimulatory signals!

Basic Guide to Key Concepts  
of Immunology
The immune system has 2 fundamental lines of defense: innate & adaptive immunity1
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Antigens are foreign substances that trigger an immune 
response (e.g., pathogens, irritants, allergens)1-3



T-cell activation by APCs require 2 signals1-3:

1  Primary Stimulatory Signal via TCR binding antigenic peptides presented by MHC molecules on APCs
• �TCR on naïve CD4+ T cell binds to peptide-MHC II complex, leading to maturation of helper T cells
• �TCR on naïve CD8+ T cell binds to peptide-MHC I complex, leading to maturation of cytotoxic T cells
• �Sustained TCR-MHC signaling is crucial to effectively activate and maintain signal transduction

2 Secondary Costimulatory Signal via receptor-ligand pair expressed on APC and naïve T-cell surfaces
• �Signaling molecules (e.g., CD28/CD80, CD28/CD86) have been identified
• �Costimulatory molecules, such as OX40 Ligand and OX40, control the downstream immune responses

OX40 Ligand and OX40 are not expressed on naïve APCs and T cells. Their expression is induced following T-cell activation. 
Factors that determine the level of expression include:4 
• �T-cell receptor signals	 • �Adaptive cytokines (e.g. IL-1, IL-2, TNF)
• �CD28-B7.1/2 costimulatory interactions	 • �Innate cytokines (e.g. IL-18, IL-33, TSLP)

T-cell activation and differentiation via primary and secondary costimulatory signals1,3-9
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Binding of OX40 ligand and OX40 stimulates the 
differentiation of activated T-cell populations and 
promotes the release of proinflammatory cytokines

OX40 Ligand - 
OX40 signaling reduces 

the induction of Treg

Majority of effector T cells undergo apoptosis, while remaining 
cells contribute to development of memory T cells

Effector T cells secrete inflammatory cytokines and regulate  immune responses (includes Th, Treg, and cytotoxic T cells)

OX40 ligand-OX40 signaling promote enhanced frequencies of memory T cells

Helper T cells regulate immune response by triggering T-cell 
differentiation and B-cell maturation

Memory T cells develop immunologic memory that mounts faster and augmented 
immune response upon subsequent exposure to previously encountered pathogens
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T-cell costimulatory pathways that lead to T-cell activation and differentiation
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