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AG RECOGNITION BY T CELLS 

1. OVERVIEW

-T cells recognize Ag using receptors similar to Ab molecules

-TCR receptor diversity generated by V(D)J recombination

-Recognizes Ag as a complex associated with MHC (polymorphic)

-Optimal Ab response needs B cells and T cells


Helper T cells (Th)    -activate B cells to make Ab


Cytolycic T cells (Tc)- kill infected cells and tumor cells

T cells obey the Clonal Selection Theory

-Ag receptors distributed on T cells in a clonal fashion, Ag stimulates activation and clonal expansion

-T cells do not secrete Ag receptors
T cells develop in the thymus, (derived from bone marrow pluripotential hematopoietic stem cells)

T cell Recognize native and denatured Ag 
-T cells see antigenic determinants = short stretches of linear sequence (10 AA) =epitope

-Recall: B cell Ab recognize conformational determinants lost in denaturation
T cells recognize Ags only on the surface of other cells

-T cells don’t recognize free antigen, has to be presented on the surface of APC (ex: macrophage, DC)
Proof of Order: Antigen(APC( T cells

MHC Restriction

-T cells from someone for a given Ag cant recognize the Ag on an APC from someone else b/c of MHC

-Genetic polymporphism of MHC = different individuals express different MHC alleles

-MHC are the major target Ags recognized in graft rejection  (Mice = H2      Humans=HLA)

Proteins encoded by MHC (Now wild type = “balance polymorphism”

-complex of over 3000 kb of DNA with rich array of genes 
	CLASS
	HUMAN LOCI
	MOUSE LOCI
	Composition 
	Expression
	Example

	I
	ABC
	KDL
	α2β2m
(α2 is heavy chain)
(β2m on diff. chrom.)
	All cells but RBC, neurons
	A27

	II
(heterodimers)
	DP, DQ, DR
	I-E, I-A
	Αβ
	B cells
Mac, DC
	Kd


       Class III = complement proteins and cytokines (soluble serum proteins, C2, C4, factor B)
CLASS I



CLASS II
(Raymond removed the image showing MHC Class I vs Class II composition.  See above table.)

Note: In murine MHC, class Ib molecules encoded by chrom. Segment telomeric to H2-L



1)Non polymorphic

2)Tissue specific expression

       


 Humans CLASS 1b molecules = HLA, E, F, G

Note: Class II expression induced in endothelial cells and fibroblasts by cytokine interferon-γ

-Variation clustered in
 class I = α1 and α2 domains


class II = α1  and β1

T cell Ag receptor is dual specific, recognizing both Ag and MHC of APC
Individual T cells have specificity for particular MHC gene product

Locus used depends on (1)functional T cell subset involved
(2)Ag being recognized

To define which locus is used for a particular T cell
1. Test ability of APCs with MHC to present Ag to Ag-specific T cells

-test on various individuals, shared allele will lead to clonal expansion!

2. Use monoclonal Ab specific for distinct MHC encoded products  how to make?
-Add T cell,, antigen, different Ab = Ab that blocks proliferation means molecule used on surface of APC

2 theories for T cell recognition of Antigen

1. Dual Recognition Model

-T cell expressed one receptor for Ag and one for MHC

2. Single Receptor Model

-one receptor reads Ag and MHC

PROOF: Fusion of 2 T cell lines(hybrid T cells (exhibit parental specificity, but not mixed or crossed patterns)


Ag and MHC specificity did not behave independently but as a unit

Discovery of T cell Ag receptor

1. Generation of monoclonal Ab specific for individual T  cell clone (ANTI-IDIOTIPIC AB TO TCR)

-Ab recognize unique determinants on the variable regions of TCR ( purify receptors at protein level

2.  Subtractive hybridization to identify genes uniquely expressed by T cells


-look for Ig like that underwent gene rearrangement(TCR

TCR Structure (like Fab part of IgR)
-immunoglobulin gene superfamily, composed of two polypeptide chains α and β linked by a disulfide bond

-variable N terminal domain, constant globular domain in a β pleated sheet, membrane D, cytoplasmic D

-stabilized by intrachain disulfide bond btw cysteines

(Rayond removed the image showing TCR and CD3 chain structure.)

-Ag combining site formed by association of variable domains (hypervariable regions)

-α/β TCR assembled from gene segments by gene rearrangement
 β chain = (VDJ  + C) ( diversity from V(D)J [like IgR heavy chain]
 α chain = (VJ      +C)( lacks D [like IgR light chains)

Identical rearrangement to Immunoglobulin genes (but initiated in thymus)(1018 possible TCR structure
RAG1/RAG2 :  12-23 spacer role : junctional diversity (N)

-but no somatic mutation in hypervariable region, no class switching

Differences Btw T and B cell Ag Receptors

(1) Univalent (B cell is divalent)
(2) Only in membrane firm (BCR can be secreted)
(3) Noncovalent attachment with CD3 (invariant, play role in signal transduction) (BCR: Igα and Igβ)
(4) Ligand is processed Ag + MHC (Ag ligand is native Ag)
CD3

-surface expression used a s a marker for T cells

-Ab to CD3 used therapeutically to deplete T cells

-minor subset of CD3+ T cells don’t express α/β heterodimer (instead γδ)

α/β heterodimer receptor responsible for T cell specificity for both Ag and MHC!!!

MECHANISMS OF AG RECOGNITION
1. Ags must be processes prior to recognition

-lag time from when Ag is taken up by APC processed and  presented Ag to T cell

-processing exposes appropriate linear epitopes on MHC

-fix macs before lag time(no T cell response      afer lag time( T cell response

-1st specific rxn:  Binding of peptide fragment of protein Ag to MHC product on APC 

Saturated with a valence of 1

2. MHC molecules function as immune response genes

Immune response gene=genetic element that controlled response to synthetic immunogen


-inherited as a single gene and localized to the H-2 complex on chromosome #17 (mouse)

-Only certain peptide fragments of a given protein Ag will bind to a given MHC molecule

-Most individuals respond to most protein Ags, b/c proteins usually have some linear AA sequence epitope that can bind to at least one of the several class I or class II MHC molecules expressed by an individual

-Some autoimmune diseases correlate with certain HLA alleles!

-Many different peptides  derived from different protein Ags can potentially bind to given MHC gene product.


-variety of peptides can fit into the groove of a given MHC molecule


-only certain AA tolerated at key “anchor positions”




Ex: HLA-A2 binds nonameric peptides with leucine at position #2 and valine at position #9


-different MHC alleles have different anchor residues

Class I = interactions with polar main chain atoms of peptide termini provide binding energy


-longer peptides tolerated by bulking in middle

3DStructure= 2 walls of binding site (helix)
+floor of binding site (beta sheet) for 9aa

Class II = binding site open at either end to allow larger peptides to bind

A MODEL FOR AG RECOGNITION BY T CELLS
          





     1.Ag uptake by APC (macrophage)






2 22. Partial Proteolysis of Ag in endocytic compartments







   23. Peptide fragments expressed on MHC of APC







     4. T cell recognition of MHC and processed Ag








(restriction b/c T cell contacts α helix walls of MHC)








So different peptides, and interactions w/MHC







     5. T cell proliferation and effector functions

(Raymond removed the image describing these steps.)
IMPORTANT FEATURES

1. T CELLS RECOGNIZE AGS ON CELL SURFACE

2. T CELLS RECOGNIZE NATIVE AND DENATURED AGS

3. AG RECOGNITION BY T CELLS IS MHC RESTRICTED

4. MHC ENE CONTROL THE LEVEL OF T CELL RESPONSES TO AGS AND INFLUENCE DISEASE SUSCPETIBILITY (MHC RESTRICTION)

Note: MHC can present different peptides of the same antigen (polymorphism at species level)

In absences of Ag, self peptides are present!!!

Discrimination of self occurs at level of T cell!

Functions of T cells

-all functions of T cells involve interaction with other cells
-recognize Ag on other cells and secrete mediators that act on other cells

1. Cytokines/Interleukins (hormone like mediators that act on IS cells)
IL-2 (binds to receptors on activated T cells and induces T cell proliferation
IL-4, IL-5, IL-6( act on B cell differentiation and activation needed for Ab production
2. Cytolytic T lymphocytes 





Flow cytometric analysis of CD4
-secrete molecules to destroy virally infected cells 
 and CD8 expression by peripheral blood mononuclear cells (Raymond removed the flow results.)
T CELL SUBSETS

-based on expression of cell surface glycoproteins

(CD4 or CD8)[immunoglobin genes, no clonal var. or polymorph]
-Mature cells express either CD4 or CD8
-have different mechanisms of Ag processing and functions

CD4 cells (Th-Thelper cells)

 –release cytokines to promote B cell proliferation and differentiation

-depleted in HIV infection leading to immunodeficiency

-recognize Ags in association with class II MHC molecules


-involves coclustering of TCR with CD4 (binds membrane proximal area of class II MHC to bring close)

-cytoplasmic domain associate with lymphocyte specific tyrosine kinase (lck) brought close during activation
CD4 Ag Processing Pathway 

1. Soluble/Particulate Ags from extracellular fluid endocytosed and degraded by APC endosome

2. Ag peptides associate w/class II MHC in endosome

3. Processed Ag reexpressed on MHC II on surface for T cell recognition

4. T cells proliferate and secrete cytokines to activate APC

Note: class II made in ER, once synthesized associates with invariant chain to block binding and redirect trafficking to vesicles intersecting with endocytic compartment. Removed by proteolysis to open site.


Removal of invariant chain depends on class II like molecule HLA-DM
CD8 cells

-mediate destruction of virally infected cells (correlation not absolute)

-recognize Ags in association with class I MHC molecules

-coclustering binds membrane proximal area of class I MHC to brig close

--cytoplasmic domain associate with lymphocyte specific tyrosine kinase (lck) brought close during activation

CD8 Ag Processing Pathway

1. Foreign proteins mad within the cell on free ribosomes

2. Proteosome breaks down some viral protein in the cytoplasm (some prot parts encoded in MHC)
3. Tap 1/2  heterodimer (on ER) transports peptide fragments to the ER to associate with MHC I

-associates with nascent class I molecules in ER membrane via tapasin (linking protein) 
4. MHC I picks up fragments of viral Ag and displayed on cell surface for CD8 T cells
Most viral protein is intact, but only need small fraction for detection
SUMMARY
	T cell subset
	Primary Fxn
	APC
	Origin of Ag
	MHC class

	CD4+
	Cytokine release
	Macrophage, B, DC
	Exogenous
	II

	CD8+
	Lysis
	Any nucleated cell
	Endogenous (viral)
	I


MHC I associates with exogenous peptide early (needed for stability of class I)


-can display processed intracellular proteins so detection and lysis even if no viral protein on cell surface

MHC II associates with endogenous peptide late

Mech. Of  Tcell / Bcell Collabo

1. Ag taken up by macrophages or DC
2. Processed for presentation with MHC II

3. CD4 T cells recognize and activate

4. Encounter B cells with same Ag specificity

5. B cells bind native Ag with high affinity

6. B cells internalize, process display Ag on MHCII

7. T cells recognize Ag-MHC on B cells

8. T cells release cytokines near B cells
(Raymond removed the image described above.)
B cells present specific antigens well to T cells
Other Accessory Molecules
-interactions btw cell surface proteins on T cells and APC form imunnunologic synapse

1. LFA-1 interacts with ICAM-1 and ICAM-2


LFA is an integrin (like CR3)

2. CD2 interacts with LFA-3

3. CD28 and homologue CTL4 interacts with B71-B72

Interactions provide costimulatory signals for T cell activation. Ab to any of these proteins block Ag recog.

Only T cell receptor shows clonally distributed structural diversity (responsible for Ag specificity)
SUPER ANTIGENS
-bacterial and viral protein can activate large number of T cells through special mechanism 

-important in toxic shock syndrome (b/c of increased vascular permeability) and food poisoning

-bind in an intact form to MHC II at a site distinct from peptide binding cleft

-have affinity for regions of TCR specified by particular β chain variable region gene segments


Note limited number of β chain variable regions vs. very specific hypervariable region

-ACTIVATE LARGER FRACTION OF TOTAL T CELL POPULATION

-some retroviruses encode superantigens (MMTV)

-infected B cells activate vigorous T cell response of cytokine release ( promote B cell growth that harbor virus

Detecting Ag-Specific T Cells  In Vivo

-soluble multivalent MHC molecules loaded with antigen could bind T cells specific for Ag-MHC complex

-MHC w/o TM domain expressed in bacteria, folded with peptides and β2 microglobin

-MHC/peptide complex assembled into tetramers engineered w/C terminal site for enzymatic biotinylation

-Incubate with tetravalent biotin-binding protein avidin

-Assembly of tetramers of peptide MHC complexes

MHC dimers produced by expressing class I heavy chain fused with N terminus of Ig heavy chain

-chains assemble with light chain and β2 microglobin

-load dimmers by incubating with high concentration of relevant peptide

-use structures to stain T cells specific for particular peptide MHC complex

-shows specific T cell expansion in response to Ag stimulation
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Staining of Ag specific T cells with soluble MHC dimers.

1.Divalent MHC: Add Antigen(Increase affinity

2. stain T cells that recognize complex and count

3. Infection(Increase in T cells because of clonal expansion
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