Outline of Lectures 08 and 09 (11-05 B and 11-06 A; Siliciano)

Antigen Recognition by T Cells, I and II

I.  Importance of T lymphocytes


- Both T and B cells are needed to generate an Ab response (Claman reconstitution expt)


- Helper T cells activate B cells to produce Ab


- Cytotoxic T cells are the other type of T cell, which actively kill other cells


- T cells are clonally selected via Ag recognition by the T cell receptor


- T cell Ag recognition is similar (e.g. TCR, Ig are homologous) to that in B cells, but distinct in mechanism


- T cells develop in the thymus (this is the principle function of this organ)

II.  T Cells Recognize Ag by a Unique Mechanism


- T cells recognize linear 9-10 aa peptide sequences


- T cells only recognize Ag’s presented on the surfaces of other cells (APC’s such as dendritic cells or macrophages)


- MHC restriction: the MHC allele expressed on the APC must be correct to stimulate T cells

III.   Major Histocompatibility Complex


A)  Discovery of the MHC



- discovered by mapping cell surface antigen responsible for tumor graft rejection


- the surface antigen is the MHC, recipient and donor must have matching MHC’s for graft to be accepted



- the MHC is called H-2 in mice and HLA in humans


B)  The MHC locus encodes three classes of molecules



MHC Class I




- Dimer of ( chain and (2m (not in locus)




- Three types, HLA A, B, C (in mouse, H-2K, -2D, -2L)




- Expressed on all cell surfaces except neurons and RBC


- Special subclass Ib is nonpolymorphic and tissue specific, related to bacterial pathogen response



MHC Class II




- Heterodimer of ( and ( chains




- Three types DP, DQ, DR (in mouse I-A, I-E)




- Only expressed on APC’s



MHC Class III




- related to complement and cytokines, irrelevant to this topic


C)  MHC genes are highly polymorphic



- polymorphism in HLA genes for both class I and II is “balanced”



- nomenclature: HLA A*(allele #)  (in mouse, superscript is allele type)



- most variation is localized to Ag binding domains ((1 (2 in class I, (1 (1 in class II)


D)  MHC restriction is mediated by specific recognition by the TCR



- T cells are activated only if APC expresses the correct MHC


- Can test which MHC is responsible directly (correlate genotypes with response) or by specific blocking with antibodies



- Only one TCR needed to recognize both Ag and MHC

IV.  The T Cell Receptor


A)  Discovered by clonotypic Ab and subtractive hybridization


B)  The TCR is made of two chains, ( (, similar to Ig; each have one variable and one constant region


C)  TCR gene rearrangement



- ( rearranges by VJ, ( by VDJ using the RAG’s



- junctional diversity is important but hypermutation is not


D)  CD3 is an associated membrane-bound protein for signal transduction; also used as a T cell marker


E)  TCR can also exist as a (-( dimer, function is unknown

V.  How Ag is recognized


A)  APCs must process antigen before recognition occurs (hence, a time lag)


B)  MHC molecules bind a single, short Ag peptides of 9-10 aa (not TCR!)


C)  MHC molecules are specific in binding only certain peptides


D)  Complexity of immunogens and diversity of MHC expressed allows response to lots of pathogens, but susceptibility varies with MHC genotype


E)  The (1 and (2 domains of MHC form a catcher’s mitt with a groove to bind peptides; anchor positions give great specificity at those residues

VI.  Model for Ag Recognition by T Cells


1)  Uptake of Ag by APC


2)  Processing of Ag (proteolysis)


3)  Presentation of Ag peptide fragment on MHC


4)  Recognition of MHC-Ag complex by T cells (this is MHC restricted)

VII.  T Cell Subsets


A)  Two classes of T cells



1)  CD4+




Recognize exogenous Ag on MHC II on APC’s




Release cytokines (IL2 ( T cell proliferation, IL4,5,6 ( B cell activation)




Ag taken up by endocytosis, cleaved in lysosome




For B cells, Ag binding to surface Ig results in rapid uptake of Ag




Invariant chain (Ii) blocks MHC II binding site until fusion with lysosome



2)  CD8+




Recognize endogenous (viral) Ag on MHC I on all cells (except neuron, RBC)




Cause cytolysis of infected cell




Viral proteins cleaved by protesome, enters ER through TAP1/2 transporters

VIII.  T cell/APC interaction


- The CD’s interact specifically with their MHC; also coupled to signaling pathway (lck)


- Interactions between accessory proteins are required for T cell activation


- Superantigens (e.g. some bacterial endotoxins)



promote T cell activation by binding TCR and MHC outside of cleft



huge number of T cells activated eventually lead to toxic shock syndrome

IX.  Other


- Ag specific T cells can be detected with labeled MHC or MHC-Ig molecules


- HIV coat protein gp120 binds CD4, first step in virus infection

