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學習目標
• Overview of host defense.
• Immunoglobulins: structure & function
• Generation of antibody diversity and B-cell
development
• The MHC and antigen presentation
• T cells, TCR, and T-cell development
• Collaboration of immune-system cells in the adaptive
response
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24.1
Overview of Host Defense
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The three layers of vertebrate immune defense
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The circulatory and
lymphatic systems
Heart
Blood (arterial pressure)
Fluid from blood vessels into
interstitial spaces of tissues
Interstitial fluids
collected into lymph
Lymph nodes (“homing”)
Circulation
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Anatomy of thoracic duct
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Initiation of the adaptive immune response in lymph nodes
1.
2.

Lymphocyte distribution
(Total: ~5x1011)
- BM: 10%
- Thymus: 10%
- Spleen: 15%
- 2nd lymphoid organs: 40%
- Bloodstream: 25%
7

Requirement:

Ab

Man-rich
cell wall

Microbial
surface

C3b

Three pathways of
complement activation
C3 convertase
1. C4b2b
2. C3bBb

C3bB
C1qrs
(Properdin)

C4b2b

C3bBb

C5 convertase
1. C4b2b3b
2. C3bBb3b
“Opsonization”
Engulfment of C3a- or
Ab-coated microbes by
phagocytes.
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Natural killer (NK) cells
Type I IFNs (α, β, ω)
- secreted by virally-infected cells
- good activator of NK cells
Type II IFN (γ)
- secreted by activated NK cells
- increase p53 levels in infected
cells à promotes apoptosis

Common features of IFNs
- antiviral activities
- macro./NK activation
- increased MHC-I, II expressions
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Interplay of innate and adaptive immune responses
against a bacterial pathogen
After mechanical/chemical barriers breached by
pathogen
Both complement system & inflammatory cells
(e.g. neutrophils & macrophaes/NK cells) are
activated & attracted to the site of infection à
inflammation (4 hallmark signs)
Bacterial Ag (carried by DCs) & soluble Ag
(carried by lymph) à lymph nodes
T cells activated à effector T cells (Th & CTL)
B cells activated à plasma cells à Abs
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The discovery of antibody and complement in
serum from mocrobe-infected animals

Heating at 56oC for 30 min is sufficient to destroy complements (but not Ab)
in the serum!!!
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24.2
Immunoglobulins:
Structure and Function
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The basic structure of
an immunoglobulin (Ig)

Digestion of Ig by proteases:
1. Papain à F(ab) x 2 + Fc
2. Pepsin à F(ab’)2 x1
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Ig isotypes (classes)
- H chain
µ, γ, δ, α, ε
- L chain
κ, λ

- Monomer (IgG, IgE)
- Dimer (IgA)
- Pentamer (IgM)
- J chain & tail piece
(IgA and IgM)
- C domain numbers
- IgE & IgM (4)
- the rest (3)
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Ig isotypes (classes)
IgM
- pentamer
- J chain (IgA and IgM)
- 1st Ab present in
- the primary Ab response
- B cell development
- Best Ig class to initiate the
classical complement pathway

Complement activators
- The best: IgM, IgG3
- Moderate: the rest IgG sub-classes
-The worst (none): IgA, IgE
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Transcytosis of IgA and IgG

-Polymeric IgR (pIgR)
-Secretory piece

Rodent

Neonatal Fc receptor (FcRn)
- found on:
a. rodent’s gut epithelia
b. human’s placenta trophoblast
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Clonal selection
Each activated B cell produces a unique, clonally distributed Ig type.
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Hypervariable regions

Immunoglobulin fold
2 β sheets

Loops à HV regions
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Immunoglobulin structure
“Epitope”
“Antigenic determinant”

Ab-Ag are held together by non-covalent forces
- Electrostatic forces
- hydrogen bonds
- van der Waals forces
- hydrophobic forces
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24.3
Generation of Antibody Diversity and
B-Cell Development
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Rearranged later

Rearranged first

“Somatic recombination”
(體基因重組)
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Organization of human’s germline
Ig heavy- and light-chain loci

22

11

02/10/2012

Mechanism of rearrangement of Ig gene segments
via deletional joining
Heavy & light chains use similar mechanism

“7-12-9”

“9-23-7”

The “12/23 bp spacer rule” of recombination signal sequence (RSS)
- V gene: after 3’-end, 7-12-9 bp
- D gene: before 5’-end, 9-23-7 bp
- Both gene segments are stabilized by the RAG1/RAG2 complex
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Mechanism of rearrangement of Ig gene segments
via deletional joining
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“7-12-9”

“9-23-7”

opened up by Artemis

“P-nucleotides”

Could be either ‘filling in’ or ‘removal’ of overhangs
à “Junctional imprecision”

“Junctional imprecision”
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Somatic recombination
of the heavy chain

“Allelic exclusion”
(等位基因互斥現象)

26

13

02/10/2012

B-cell development requires input
from a pre-B receptor

1. RAG1/2 expressions stop
(allelic exclusion)
2. B cells proliferate.
3. VpreB/λ5 expression
turned off.
4. RAG1/2 expressions
resume for L-chain
rearrangement.

B-cell receptor (BCR) = membrane-bound Ig

Pre-BCR:
- Present after VDJ joining of
the H chain
- 3 subunits
a. µ heavy chain (no
cytoplasmic tail)
b. Surrogate chain
- VpreB, λ5
c. Igα/Igβ accessory
proteins
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Switching from making membrane-bound Ig
to secreted Ig by B cells

µ locus:
a. 2 transmembrane segments (TM1 & TM2), combined to
form a complete TM region
b. 2 poly-adenylation sites
- Upstream site used à secreted IgM
- Downstream site used à membrane IgM
- B-cell receptor (BCR) = membrane-bound immunoglobin
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Class switch recombination in the Ig H-chain locus
Switch sites
(recombination-prone)

IgG1: IL-2, 4, 5
IgG2a: IFNγ
IgA: IL-1, 5,10, TGFβ
IgE: IL-4

(activation-induced deaminase)

Light chain type is not affected by class switching of heavy chain!!!
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24.4
The MHC and Antigen Presentation
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How to obtain mice ‘congenic’ for the MHC phenotype?
“Congenic” strains à
Two mice (e.g. mice A and C) strains with
identical genetic background, except for ONE
genetic trait (e.g. MHC)

A

If skin graft
rejected by A
backcrossing

C
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β microglobilin

MHC-II à activates CD4+ TH lymphocytes
MHC-I à activates CD8+ Tc lymphocytes (CTL)
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To detect the presence of CTL
specific for a particular virus
“51Cr release assay”

cytotoxic T lymphocyte (CTL)
= CD8+ T lymphocyte
à Interacts with antigenpresenting cell with MHC-I
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To detect the specificity of CTLmediated cytotoxicity

CTL activity is both
1. pathogen-specific
2. MHC-restricted
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Class I MHC molecule

Peptide & MHC-I cleft
- 8-10 a.a.
- closed end cleft
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Class II MHC molecule

36
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Peptide binding and MHC restriction
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Class I
MHC pathway

“immunoproteasome”

“peptide-loading complex”
- Chaperones
- Calnexin
- Calreticulin
- Tapasin
- Oxidoreductase
- ERp57
- Transporter/ATPase
- TAP1/TAP2
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Class II
MHC pathway

- Only seen in professional
APCs (B, DC, Macro.)
- Via the engulfment of foreign
substances.
- the acidity of lysosome &
endosome accelerates the
“cathepsins”

. unfolding of proteins
. degradation by peptidases

ER

- Ii assists sorting of MHC-II into
late endosome à (αβli)3
(HLA-DM)

Late endosome

- cleaved of Ii by proteases,
leaving the CLIP fragment
- removal of CLIP by chaperone
DM à αβ
− binds peptide & transported
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Presentation of IgG-opsonized antigen by phagocyte

“cross presentation”
1. Only seen in DCs.
2. In addition to traditional MHC-II pathway, DCs can acquire other
forms of Ag that escape from phagosomes/endosomes (via
phagocytosis) and/or immune complexes à present them via the
MHC-I pathway. (So, both Th and CTL can be activated.)
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Antigen presentation by B cells (MHC-II pathway)

1. via receptor (BCR)-mediated
endocytosis
2. Ag peptide presented via
MHC-II pathway to Th cells.
3. Activated Th cells can provide
help to activate B cells.
- Ag-specific
- MHC-restricted

41

24.5
T Cells, T-Cell Receptors, and
T-Cell Development

42
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Structure of the TCR and its co-receptors
TCR components

- α subunit (via VJ joining)
- β subunit (via VDJ joining)
TCRαβ-CD3 complex is
required for surface
expression & signaling

TCR co-receptors
- CD4 à binds MHC-II
- CD8 à binds MHC-I
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Signal transduction from the TCR and BCR

- Src kinases activation

- ITAM phorphorylation

- Non-Src kinases activation

- Adaptors activation
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T-cell and B-cell development

The “avidity model” of T-cell selection
1. All T cells must be capable of engaging self-MHC!! (otherwise à apoptosis)
2. All T cell must undergo selection by interaction with self-peptide:MHC complexes
(-) selection: too strong interaction with self-peptide:MHC à apoptosis
(+) selection: weak interaction with self-peptide:MHC à survive and mature
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Signals for T-cell activation and termination

CD80 = B7.1
CD86 = B7.2

‘Dual-signal activation’
- T cell activation requires both signals #1 & #2
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Perforin- and granzyme-mediated cell killing by CTLs

Perforins can act on BOTH plasma
membrane and endosome to form
pores where granzymes can pass
through.
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24.6
Collaboration of Immune-System
Cells in the Adaptive Response
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Toll-like receptors

Human TLR3 extracellular domain

Specificity (cell surface structure of pathogens)
- TLR1/2, TLR2/6: lipopeptide
- TLR4: lipopolysaccharide
- TLR5: flagellin

IL-1, 6, 12
TNF

Specificity (pathogen-derived nucleic acids)
- TLR3: viral dsRNA
- TLR7: viral ssRNA
- TLR9: bacterial unmethylated CpG DNA

IRAK:
interleukin-1 receptor-associated kinaase

Toll and IL-1 signaling are similar à activation of NF-kB pathways
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Collaboration between T and B cells
to initiate Ab production
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End of Chapter 24
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