372e-18 to maturity (positive selection), and thymocytes with TCRs that are

incapable of binding to self-MHC antigens die of attrition (no selection). Mature thymocytes that are positively selected are either CD4+
helper T cells or MHC class II–restricted cytotoxic (killer) T cells, or
they are CD8+ T cells destined to become MHC class I–restricted
cytotoxic T cells. MHC class I– or class II–restricted means that T cells
recognize antigen peptide fragments only when they are presented
in the antigen-recognition site of a class I or class II MHC molecule,
respectively (Chap. 373e).
After thymocyte maturation and selection, CD4 and CD8 thymocytes leave the thymus and migrate to the peripheral immune system.
The thymus continues to be a contributor to the peripheral immune
system well into adult life, both normally and when the peripheral
T cell pool is damaged, such as occurs in AIDS and cancer chemotherapy.
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Molecular basis of T cell recognition of antigen The TCR for antigen is
a complex of molecules consisting of an antigen-binding heterodimer
of either αβ or γδ chains noncovalently linked with five CD3 subunits
(γ, δ, ε, ζ, and η) (Fig. 372e-7). The CD3 ζ chains are either disulfidelinked homodimers (CD3-ζ2) or disulfide-linked heterodimers composed of one ζ chain and one η chain. TCR-αβ or TCR-γδ molecules
must be associated with CD3 molecules to be inserted into the T cellsurface membrane, TCRα being paired with TCR-β and TCR-γ being
paired with TCR-δ. Molecules of the CD3 complex mediate transduction of T cell activation signals via TCRs, whereas TCR-α and -β or -γ
and -δ molecules combine to form the TCR antigen-binding site.
The α, β, γ, and δ TCR for antigen molecules have amino acid
sequence homology and structural similarities to immunoglobulin

heavy and light chains and are members of the immunoglobulin gene
superfamily of molecules. The genes encoding TCR molecules are
encoded as clusters of gene segments that rearrange during the course
of T cell maturation. This creates an efficient and compact mechanism
for housing the diversity requirements of antigen receptor molecules.
The TCR-α chain is on chromosome 14 and consists of a series of V
(variable), J (joining), and C (constant) regions. The TCR-β chain is
on chromosome 7 and consists of multiple V, D (diversity), J, and C
TCR-β loci. The TCR-γ chain is on chromosome 7, and the TCR-δ
chain is in the middle of the TCR-α locus on chromosome 14. Thus,
molecules of the TCR for antigen have constant (framework) and
variable regions, and the gene segments encoding the α, β, γ, and δ
chains of these molecules are recombined and selected in the thymus,
culminating in synthesis of the completed molecule. In both T and B
cell precursors (see below), DNA rearrangements of antigen receptor
genes involve the same enzymes, recombinase activating gene (RAG)
1 and RAG2, both DNA-dependent protein kinases.
TCR diversity is created by the different V, D, and J segments that
are possible for each receptor chain by the many permutations of V, D,
and J segment combinations, by “N-region diversification” due to the
addition of nucleotides at the junction of rearranged gene segments,
and by the pairing of individual chains to form a TCR dimer. As T
cells mature in the thymus, the repertoire of antigen-reactive T cells
is modified by selection processes that eliminate many autoreactive T
cells, enhance the proliferation of cells that function appropriately with
self-MHC molecules and antigen, and allow T cells with nonproductive TCR rearrangements to die.
TCR-αβ cells do not recognize native protein or carbohydrate antigens. Instead, T cells recognize only short (~9–13 amino acids) peptide
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Figure 372e-7 Signaling through the T cell receptor. Activation signals are mediated via immunoreceptor tyrosine-based activation (ITAM)
sequences in LAT and CD3 chains (blue bars) that bind to enzymes and transduce activation signals to the nucleus via the indicated intracellular
activation pathways. Ligation of the T cell receptor (TCR) by MHC complexed with antigen results in sequential activation of LCK and γ-chainassociated protein kinase of 70 kDa (ZAP-70). ZAP-70 phosphorylates several downstream targets, including LAT (linker for activation of T cells)
and SLP76 (SCR homology 2 [SH2] domain-containing leukocyte protein of 76 kDa). SLP76 is recruited to membrane-bound LAT through its
constitutive interaction with GADS (GRB2-related adaptor protein). Together, SLP76 and LAT nucleate a multimolecular signaling complex,
which induces a host of downstream responses, including calcium flux, mitogen-activated protein kinase (MAPK) activation, integrin activation,
and cytoskeletal reorganization. APC, antigen-presenting cell. (Adapted from GA Koretzky et al: Nat Rev Immunol 6:67, 2006; with permission from
Macmillan Publishers Ltd. Copyright 2006.)

