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T-cell subsets 

 Naïve , Effector and  Memory T-cells 

 CD4+(Helper)T-cell subsets 

 Th1 

 Th2 

 Th17 

 T-follicular helper 

 T-reg 

 CD8+ (Cytotoxic) T-cells 

 NKT-cells 

 γδ T-cells 
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T-cell development 

(Germain et al 2002) 

 

  

 Haemopoitic lymphoid precursors seed to the thymus from fetal liver and adult bone 

marrow. These cells are CD4-CD8- (DN) and TCR- 

 In the thymic cortex lymphoid progenitor cells first express either ϒδ or αβ TCR in the outer 

cortex 

 As the precursors progress through 4 stages of DN. Expression of the pre-TCR which in 

composed of a non-rearranged pre-Tα-chain and a re-arranged T-β chain. 

 Expression of the pre-TCR coincides with progression from DN to DP thymocytes. 

 Re-arrangement of the pre-TCR> TCR allows DP thymocytes to interact with high expression 

of MHCI and MHCII on thymic epithelial cells 

 The T-cell fate is determined by the TCR:MHC+self-peptide  interaction 

o Weak binding = death by neglect 

o Strong binding =apoptosis 

o Appropriate MHCI binding  = CD8+ SP naïve T-cells 

o Appropriate MHCII binding = CD4+ SP naïve T-cells 
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Naïve, Effector and Memory T-cell Phenotype 

 Following emigration from the thymus naïve CD4 and CD8+ T-cells are antigen “naïve” and 

characterised by high expression of CD45RA and IL-7Rα (CD127) and low expression of IL-

2Rα (CD25) 

 Antigen driven activation leads to transition to Memory (Effector) phenotype with CD45RO+, 

CD127 low CCR7- and CD25 high. 

 While the majority of the expanded effector clone will apoptose a subset will become long-

lived CD45RO+25-127+ Central Memory T-cells. These cells are also CCR7+ and will quickly 

reactivate to effector memory cells upon re-exposure to antigen. 
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CD4+ (helper) T-cell Subsets:  

TH1 T-cells 

 IFN-γ and IL-12 stimulate TH1 differentiation by activating the transcription factors T-bet, 
STAT1, and STAT4. 

 The ability of IFN-γ to stimulate T-bet expression and the ability of T-bet to enhance IFN-γ 
transcription set up a positive amplification loop that drives differentiation of T cells toward 
the TH1 phenotype. 

 IFN-γ is the “signature cytokine” 

 Mice deficient in IL-12, IL-12 receptor, T-bet, or STAT4 cannot mount effective TH1 
responses to infections, and humans with genetic deficiencies in the IL-12R signaling 
pathway have impaired responses to infections with several kinds of intracellular bacteria. 

 The principal function of TH1 cells is to activate macrophages to ingest and destroy 
microbes. 

 The same reaction of TH1-mediated macrophage activation is involved in injurious delayed-
type hypersensitivity, which is a component of many inflammatory diseases, and in 
granulomatous inflammation, which is typical of tuberculosis and is also seen in some other 
infectious and inflammatory disorders. 

 CD4+ TH1 cells activate macrophages by contact mediated signals delivered by CD40L-CD40 
interactions and by IFN-y. Activated macrophages kill phagocytosed microbes mainly by 
the actions of reactive oxygen species, nitric oxide, and lysosomal enzymes. 

 IFN-γ acts on B cells to promote switching to certain IgG subclasses, and to inhibit switching 
to IL-4-dependent isotypes, such as IgE. 
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TH2 T-cells 

 TH2 differentiation is stimulated by the cytokine IL-4 and occurs in response to helminthes 
and allergens. 

 Once TH2 cells have developed, the IL-4 they produce serves to amplify the reaction and 
inhibit the development of TH1 and TH17 cells. 

 IL-4 stimulates TH2 development by activating the transcription factor STAT6, and induces 
expression of GATA-3. GATA-3 is a transcription factor that acts as a master regulator of 
TH2 differentiation, enhancing expression of the TH2 cytokine genes IL-4, IL-5, and IL-13, 
which are located in the same genetic locus. 

 TH2 cells stimulate IgE- and eosinophil-mediated reactions that serve to eradicate 
helminthic infections. Helminthes are too large to be phagocytosed by neutrophils and 
macrophages and may be more resistant to the microbicidal activities of these phagocytes 
than are most bacteria and viruses. Therefore, special mechanisms are needed for defense 
against helminthic infections. 

 Mast cells express high-affinity FcΕ receptors and may be activated by IgE-coated helminthes 
and other antigens that bind IgE, resulting in degranulation. Mast cell degranulation also 
occurs in anaphylaxis. 

 IL-4 is the signature cytokine of the TH2 subset and functions as both an inducer and an 
effector cytokine of these cells. It stimulates B cell Ig heavy chain class switching to the IgE 
isotype and also stimulates the development of TH2 cells and functions as an autocrine 
growth factor for differentiated TH2 cells. 
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TH17 T-cells 

 The development of TH17 cells is stimulated by pro-inflammatory cytokines IL-1, IL-6 and 
IL-23 produced by dendritic cells in response to bacteria and fungi via the transcription 
factors RORγt and STAT3 

 TH17 differentiation is inhibited by IFN-γ and IL-4; therefore, strong TH1 and TH2 responses 
tend to suppress TH17 development. 

 Mutations in the gene encoding STAT3 cause defective Th17 responses (Hyper-IgE 
syndrome). 

 TH17 cells appear to be especially abundant in mucosal tissues, particularly of the 
gastrointestinal tract likely secondary to local cytokine and microbes. 

 TH17 cells secrete cytokines, namely IL-17, 21 and 22 that recruit leukocytes, mainly 
neutrophils, to sites of infection.  

 The principal effector function of TH17 cells is to induce neutrophilic inflammation, which 
serves to destroy extracellular bacteria and fungi. 
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T-Reg 

 Suppress immune responses and maintain self-tolerance 

 CD25high CD127low and express the transcription factor FoxP3 

 IPEX (immune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome) is 

associated with deficiency of T-reg  and is caused by mutations in the FOXP3 gene. 

 Regulatory T cells are generated mainly by self-antigen recognition in the thymus (Central T-

Reg) and by recognition of self and foreign antigens in peripheral lymphoid organs 

(Peripheral T-reg).  

 The generation and survival of regulatory T cells are dependent on the cytokines TGF-β 

and IL-2. 

 T-regs produce IL-10 and TGF-β both of which inhibit immune responses. 
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TFH T-cells 

 TFH are a subset of CD4+ T-cells necessary for B-cell differentiation including: 

o  Affinity maturation,  

o Isotype switching 

o Generation of memory B cells, and long-lived plasma cells 

 Classically they are anatomically defined as T-cells in the germinal centre, but  practically 

they are commonly identified as CD4+CXCR5highICOS+PD1+ 

 Have high levels of expression of molecules involved in the T/B-cell interface 

 Produce IL-21 and the transcription factor Bcl-6 
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CD8+ Cytotoxic T-cells (CTL) 

 The most specific feature of CTL differentiation is the development of membrane-bound 

cytoplasmic granules that contain proteins, including perforin and granzymes, whose 

function is to kill virally infected  cells 

 In addition, differentiated CTLs are capable of secreting cytokines, mostly IFN-γ, that 

function to activate phagocytes. 

 The CTL binds and reacts to the target cell by using its antigen receptor, co-receptor (CD8), 

and adhesion molecules. To be efficiently recognized by CTLs, target cells must express class 

I MHC molecules complexed to a peptide (the complex serving as the ligand for the T cell 

receptor (TCR) and the CD8 coreceptor) and intercellular adhesion molecule 1 (ICAM-1, the 

principal ligand for the LFA-1 integrin). 

 Presentation of MCH+ non-self-peptide from intracellularly derived Ag results in CTL 

activation 

 The principal mechanism of CTL-mediated target cell killing is the delivery of cytotoxic 

proteins stored within cytoplasmic granules (also called secretory lysosomes) to the target 

cell, thereby triggering apoptosis of the target cell. This is known as the “lethal hit”. 

 On activation, CTLs express a membrane protein, called Fas ligand (FasL), which binds to 

the death receptor Fas, which is expressed on many cell types. 

 After delivering the lethal hit, the CTL is released from its target cell, which usually occurs 

even before the target cell goes on to die. CTLs themselves are not injured during target cell 

killing, probably because the directed granule exocytosis process during CTL-mediated killing 

preferentially delivers granule contents into the target cell and away from the CTL. 

 In addition, CTL granules contain a proteolytic enzyme called cathepsin B, which is delivered 

to the CTL surface on granule exocytosis, where it degrades errant perforin molecules that 

come into the vicinity of the CTL membrane. 
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NKT-cells 

 Share properties of both T cells and natural killer (NK) cells. They constitute only 

approximately 0.1% of all peripheral blood T cells. 

 NKT cells are not MHC restricted and do not recognize peptides displayed by antigen 

presenting cells. 

 These cells express αβ TCRs that are CD1 restricted and also bear  CD16/56 found on NK 

cells.  

 The TCRs of NKT cells recognize lipid antigens presented by CD1 molecules, an “MHCI-like” 

molecule made up of a heavy chain and β2-microglobulin. 

 A large number of CD1-restricted NKT cells have an "invariant" TCR resulting from a unique 

and stereotypic TCR α chain gene rearrangement event. These cells are conserved between 

humans and mice 

 Upon activation, NKT cells are able to produce large quantities of IFN-γ, IL-4, and GM-CSF, as 

well as other cytokines and chemokines (such as IL-2, IL-13, IL-17,IL-21 and TNF-alpha).  

 NKT cells can share other features with NK cells as well, such as CD16 and CD56 expression, 

and granzyme production. 

 NKT cells seem to be essential for several aspects of immunity because their dysfunction or 

deficiency has been shown to lead to the development of autoimmune diseases (such as 

diabetes or atherosclerosis) and cancers. NKT cells have recently been implicated in the 

progression of human asthma. 
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ϒδ-T-cells 

 2% of T-cells express the rudimentary γδ TCR as compared with αβ 

 These cells are found at their highest abundance in the gut mucosa, within a population of 

lymphocytes known as intraepithelial lymphocytes (IELs). 

 The antigenic molecules that activate γδ T cells are still widely unknown. However, γδ T cells 

are not MHC restricted and seem to be able to recognize whole proteins rather than 

requiring peptides to be presented by MHC molecules on antigen presenting cells. 

 The diversity of expressed γδ TCRs is limited because only a few of the available V, D, and J 

segments are used in mature γδ T cells, for unknown reasons.  

 This limited diversity is reminiscent of the limited diversity of the B-1 subset of B 

lymphocytes and is in keeping with the concept that γδ T cells serve as an early defense 

against a limited number of commonly encountered microbes at epithelial barriers 

 

 

 


