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Antibodies and T-cell receptors have a similar structure
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The T-cell receptor resembles a membrane-associated

Fab fragment of immunoglobulin.
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T-cell receptor diversity is generated by gene rearrangement
T cell receptor: V/D/J segments
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The RAG genes were key elements in the origin of o o
adaptive immunity How do RAGs work? RSS are essential!

The transposase of a The inserted transposon Chromosomal The family of rearranging
leavesagene B B the | | g o
encoding a receptor of Imomsugmamsﬂi:’l::d g to < to five human v, 23 V, 23 12 J
innate i by repetitive DNA a diff =
Locus Chromosome
transposase
i RAG-2 RAG-1 RAG-1 1 v, . RAG;
repeat fic2 -" =
sequences transposase genes
A N N TCRa,d 14
vy v M TcRy 7
transposase V RSS Rss J TCRB 7 v, v, ¥
IgH 14
receptor gene receptor genes lgk 2 signal
Ig\ 22 L LN LN joint
M  raG RAG [ RAG rRAG [ ]
Figure 5.5 The Immune System, 4th ed. (© Garland Science 2015)
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RAG genes lack introns and resemble the transposase gene of transposons. v.ﬂﬁ" N - dﬁm
Important for function: Recombination process results in an excision circle I -
rather than alinear (and potentially harmful) element. Figure .20 3ed. (0 Garland Science 2005)
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Generation of junctional diversity
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individual who lacks RAG?

Evolution of RAG reflects the evolution of
adaptive immunity

Prolo- Jawless Cartilag- Bony
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V(D)J recombination arose abruptly
during early vertebrate evolution

Approximate Time in 100 Million Year [ntervals

Thompson etal. (195), Immunity 3:53153 10

A defect in V(D)J recombination results in
severe immunodefiency

SCID = Severe combined immunodeficiency syndrome

+ absence of adaptive immunity

+ May be caused by mutations in at least 13 different genes, e.g. the RAG
genes.

- fatal in the first 2 years of life because of opportunistic infections

» Therapy only possible if diagnosis is made at birth or shortly thereafter.

* Therapy in the form of bone marrow stem-cell transplantation

Buckley (2010) Inmund Res. 49(1-3) 2543 12
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Where are the V, D, and J segments (for T
cells) coded in our genomes?
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Figure 5.8 The Immune System, 4th ed. (© Garland Science 2015)

The magnitude of potential B and T cell receptor diversity

Variable segments (V) 40 70 52 ~70

Diversity segments (D) 23 0 2 0

psegmens  Somatic recombination results in
wmngsegn COMbINatorial & junctional diversity

Joints with N- and P-nucleotides 2 50% of joints 2 1
Number of V gene pairs 1.9x10° 5.8x10°
Junctional diversity ~3x10" ~2x10"
Total diversity ~5x10" ~10"®
Figure 5.9 The Immune System, 4th ed. (© Garland Science 2015) 15

4/26/16

The magnitude of potential Band T cell receptor diversity

Variable segments (V) 40 70 52 ~70
Diversity segments (D) 23 0 2 0
D segments read in three frames rarely - often -
Joining segments (J) 6 5(k)4(\) 13 61
Joints with N-and P-nucleotides 2 50% of joints 2 1
Number of V gene pairs 1.9x10° 58x10°
Junctional diversity ~3x10" ~2x10"

Total diversity ~5x10" ~10"°

Figure 5.9 The Immune System, 4th ed. (© Garland Science 2015)

Recombination process generates
diversity
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CDR regions on TCR

Figure 5.2 The Immune System, 4th ed. (© Garland Science 2015)

T cell responses against
different viruses
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CDR3pB analysis of specific T-cells
against different viruses
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The composition of the T cell receptor complex
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Figure 5.6 The Immune System, 4th ed. (© Garland Science 2015)



T cells function by interacting with other cells

T i i ith other cell inducing them to change
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Figure 5.13 The Immune System, 4th ed. (© Garland Science 2015)
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MHC molecules bind a variety of peptides

MHC class | MHC class Il

peptide-
binding groove

B binding groove

Figure 5.15 The Immune System, 3ed. (© Garland Science 2009)

23

B,-microglobulin g H

antigen g%

T-cell
receptor

(D4 Tell

(D8 Tell

Figure 5.15 The Immune System, 4th ed. (© Garland Science 2015)

MHC = major histocompatibility complex
Structure of MHC class | and class Il are similar!
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Processing of antigens which bind to MHC classlor I
occurs in different cellular compartments
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Processing of antigens which bind to MHC classlor i
occurs in different cellular compartments
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MHC class |binds peptides as part of a peptide-loading complex
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Figure 5.20 The Immune System, 4th ed. (© Garland Science 2015)
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Ininfected tissue, cells switch to immunoproteasome for

protein degradation
‘Housekeeping’ Immuno-
proteasome [35i proteasome

Prefential cleavage after hydrophobic or basic
residues produces peptides that fit the C-
terminal binding motif of TAP and many HLA

allotypes.

Kiein etal.(2009), NatRevImmurol 9(12)833 44

In the ER, peptides may be further trimmed from the

N-terminal end by an amino peptidase

MHC class | is loaded with a ERAP removes N-terminal
peptide that is too long at amino acids to givea
the N terminus peptide of 8-10 residues
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Figure 5.21 The Immune System, 4th ed. (© Garland Science 2015)
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The MHC class Il antigen processing pathway
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Figure 5.23 The Immune System, 4th ed. (© Garland Science 2015)

MHC class Il molecules are prevented from binding peptides inthe endoplasmic
reticulum by the invariant chain

CLIP =class ll-associated invariant-chain peptide
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Differential expression of MHC class | and Il molecules
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Figure 5.25 The Immune System, 4th ed. (© Garland Science 2015)

Cross-presentation by dendritic cells
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The major histocompatibility complex
» Cluster of closely linked genes on chromosome 6
» Numerous genetic variants of MHC class | and Il present in the
human population
=> diversity due to multigene families and genetic polymorphism
The human MHC: human leukocyte antigen (HLA) complex
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Figure 5.30 The Immune System, 4th ed. (© Garland Science 2015)
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Diversity of HLA class | molecules in human population is caused by

polymorphism

Human MHC class | isotypes
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Figure 5.28 The Immune System, 4th ed. (© Garland Science 2015)

What are the functional differences
between different MHC molecules?
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HLA polymorphism
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Figure 5.29 The Immune System, 4th ed. (© Garland Science 2015)

How many MHC
molecules do we find in
the human population?
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MHC polymorphism affects the binding and presentation
of peptide antigens to T cells
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Figure 5.33 The Immune System, 4th ed. (© Garland Science 2015)
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Peptide binding motifs of some HLA class | and Il allotypes

A great variety of binding motifs...
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Seemingly small differences may have a big impact on
the peptide binding motif!
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T cell recognition of antigens is MHC restricted
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Figure .35 The Immune System, 4th e (© Garland Scence 2015)
But: Some T cells are alloreactive => problem for organ and W

bone marrow transplantations!
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Nobel Prize Medicine 1996

Peter Doherty (1940 -) and Rolf Zinkernagel (1944 -)

41

MHC molecules are expressed ina codominant fashion.

Which consequences does that have
for an individual ?

Heterozygous individuals are able to present a more diverse
set of peptides to their T cells

43

MHC molecules are expressed ina codominant fashion.

HLA heterozygosity delays the progression to AIDS

Fraction of HIV-1 infected individuals who remain AID Sfree

fraction AIDS 1987 free

Which consequences does that have
for an individual ?
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Exposure to pathogens shapes MHC gene frequencies Worldwide HLA class | diversity
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Figure 5,37 The Immune System, dth ed. (© Garland Science 2015)

=> Balancing selection maintains diversity of HLA allotypes in populations

Nature Reviews | Immunology

45 Goulder & Watkins (2008)NatRev Imm.8:619-630 46
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