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Antigen-Independent B-Cell Development

Bone Marrow

1. DNA rearrangements establish the

primary repertoire, creating diversity

2. Allelic exclusion ensures that each clone
expresses a single antibody on the surface,
establishing specificity

3. Deletion of self-reactive clones establishes

tolerance
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Ordered Rearrangement of Ig Genes
During B-Cell Development in the Bone Marrow
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Heavy chain rearrangement occurs first:
DJ on both alleles
V-DJ on one allele

Productive rearrangement Non-productive rearr.
(1/9) l (8/9)
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2. Proliferation /

3. Begin L.C. rearrangement DEATH
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Light Chain Rearrangement: 4 possible alleles, each
with 1/3 chance of a productive rearrangement

Kappa usually precedes lambda

Productive rearrangement produces IgM and the
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Rearrangement of Ig alleles is ordered
and regulated to achieve allelic exclusion
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THE B CELL RECEPTOR

Membrane-bound IgM (migh)

recognition 1 .

light chain

2.

heavy chain
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Fig 6.7 © 2001 Garland Science

Bound antigen is inter-

nalized and presented
to T cells.

Bound antigen gives
signals to the B cell
to proliferate and
differentiate.

Signalling from

the BCR

IgM cross-linked by antigen
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IgM on B Cell Surface
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Antigen-Independent B-Cell Development

Bone Marrow

1. DNA rearrangements establish the
primary repertoire, creating diversity

2. Allelic exclusion ensures that each clone
expresses a single antibody on the surface,
establishing specificity

3. Deletion of self-reactive clones establishes
tolerance




Antigen-Dependent B Cell Development
In Periphery (spleen and LN)

Antigen and T cells give B cells two signals:
1) proliferate 2) differentiate

T-cell dependent responses are refined two
ways: 1) higher affinity antibodies
2) Ig6/A/E (“switched”) isotypes

Two products of B cell development:
1) plasma cells secrete Ig (final effector)
2) memory cells respond to II° antigen

\ B cells develop in the bone marrow

stem cell
S=do
— Strc%rlrllif:) )

f—

Mature B cells travel to the lymph node via the
bloodstream and leave via the efferent lymph

primary lymphoid follicle
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secondary cords
lymphoid
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=3~ blood
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lymphatic
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high

endothelial
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B cells that encounter antigen form primary
foci from which proliferating cells migrate to
the primary follicle, forming a secondary
follicle with a germinal center
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The Germinal Center
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T Cell-B Cell Communication

(B cells signal T cells by presenting Ag in
association with MHC II)

T cells provide 2 kinds of help to B cells:

1. Cell-cell signals from CD40L/CD40 and
other surface molecules.

2. Secreted cytokines

10



Helper T cell (Ty2) adheres to the B 2 G
cell and begins to synthesize IL-4 sP“'f'{.’ ;?g;g‘g’:gfm"
and CD40 ligand
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1. Affinity maturation
a. Somatic hypermutation
b. Selection for high affinity clones

2. Isotype switch recombination

3. Peripheral tolerance
4. Final maturation to memory or plasma cell.
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AFFINITY MATURATION IN THE 6C

Proliferation + Somatic Hypermutation | Dark
Y

-
( (Iterative cycles) )
Light

Ag(FDC) + T cell help —  SURVIVAL| o

but
T help and no Ag
(eliminates /fow affinity clones)

o DEATH

—

Ag and no T help
(eliminates sel/f-reactive clones, giving tolerance)

Pattern of V Gene Mutations Provides Evidence
Of Cyclical Mutation and Selection Events

Random mutation combined with selection.
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Activated B cell
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SELECTIVE SURVIVAL IN GC

1. Selects clones producing high affinity
antibody--i.e.affinity maturation

2. Eliminates self-reactive clones--peripheral
tolerance.
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Hyper IgM Syndrome

1. Mutations in CD40L

2. Mutations in CD40

3. Mutations in AID (or repair enzymes
downstream of AID)

4. One or more other genes defined by
human diseasel!

Low affinity IgM

Ty
Marginal Zone Y
antigen ®

Germinal Center

a

Y IgM

= MHCII

4

Naive Immigrant
From Marrow

1. Affinity
Maturation

2. Isotype FDC
Switching

Ag-spec. T cell

antigen

Y16 High affinity Ig6
%) Py
= S %
> i
Memory Cell Plasma Cell
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1. Memory B cells

Surface Ig, usually Ig6

High affinity for antigen

Long-lived, even in the absence of antigen
Respond rapidly to secondary stimulation

2. Plasma Cells

Secrete copious amounts of Ig, no surface Ig
Non-dividing

Some are short-lived, some become
long-lived in the bone marrow

Different Ig Isotypes

IgG gD IgA

©1999 Elsevier Science/Garland Publishing
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Ig Isotypes Have Different Functions
and Distributions

Functional activity IgM | IgD | 1gG1 | IgG2 | IgG3 | IgG4 IgA IgE

Neutralization I:l |:|
Opsonization E| I:l . |:|
E;r;lsli(tiégﬁgn for killing E| I:l El I:l |:| E
e |
?ycsﬁt\;anges complement . I:l . I:l I:]
Distribution IgM | IgD | IgG1 | IgG2 | IgG3 | IgG4 IgA IgE

coman | I -
e - L
Emﬂggciﬂlt:r sites - E| - - - -
imgmen e |15 JJooe][ o {3 J[ 1 [[os][ 21 |

Fig 9.19 © 2001 Garland Science

Secreted
Antibodies
Function in
Various Ways
To Eliminate
Foreign Invaders

B-cell activation by antigen and helper T cells

Jo By b
Neuh';ﬁzaﬁan Opsonization Complement activation
A complement

Antibody activates

‘ ’ lement, which

Antibody prevents Antibody promotes ar::r?:r]]geso onizat
C X psonization

bacterial adherence phagocytosis and lyses some
bacteria

Fig 9.1 © 2001 Garland Science
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Antibodies

Can Neutralize

Pathogens

Virus binds to receptors
on cell surface

Receptor-mediated
endocytosis of virus

D

o o
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Acidification of endosome
after endocytosis triggers
fusion of virus with cell and
entry of viral DNA

Antibody blocks binding to
virus receptor and can also
block fusion event
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Antibodies
Activate NK

Cell Killing by

Engaging Fc
Receptors

Antibody binds antigens on
the surface of target cells

Fc receptors on NK cells
recognize bound antibody
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Cross-linking of F¢
receptors signals the NK
cell to kill the target cell

Target cell dies
by apoptosis

|
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°
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Antibodies Pentameric IgM molecules bind to Ig@ molecules bind to antigens

antigens on the bacterial surface on the bacterial surface
Activate

and adopt 'staple’ form
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Mediated Lysis ﬁ@»

e
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C1q binds to one bound IgM C1q binds to at least two IgG
molecule molecules

= N

Binding of C1q to Ig activates C1r, which cleaves and
activates the serine protease C1s
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IgE, resident
On Mast Cells,

Ca

Granulation When
Antigen Is

Resting mast cell Activated mast cell

uses De-

Encountered
IgE
Fee receptor | E:Jntibndy
Resting mast cell contains dgranules Multivalent antigen cross-links bound
containing histamine and other IgE antibody, causing release of
inflammatory mediators granule contents
Fig 9.35 © 2001 Garland Science
1.

. Antigen-dependent B-cell development occurs in the spleen and lymph

. Peripheral B-cell tolerance occurs by editing, anergy or clonal deletion

. Affinity maturation and CSR occur in germinal center B cells and require

. Immune deficiencies result from gene defects in Btk, CD40, CD40L & AID.

Antigen-indpendent B-cell development occurs in the bone marrow:
DNA rearrangements create a diverse primary repertoire
pBCR and BCR provide developmental checkpoints
Self-reactive clones are edited or deleted, providing centraltolerance

nodes:

TI responses involve repeating epitopes and TLR activation
TD responses involve cell-cell contact and soluble mediators

in the spleen.

T cells, follicular dendritic cells and antigen. Memory cells and plasma
cells emerge from the germinal center reaction.
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