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B cell development
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Cytokines and interaction with stromal cells
guide B cell differentiation

Committed
lymphoid progenitor

Early pro-B cell

Late pro-B cell

Pre-B cell

Immature B cell

\ IL-7 receptor

CAMs |t

stromalcell

IgM

SCF (Stem Cell Factor) or Kit ligand

* Could be release in soluble form.

 I't acts on hematopoietic stem cells that

express the Kit receptor (CD117).

*The engaged receptor stimulates cell survival
and promotes the proliferation of B lymphocyte

progenitors.

INTERLEUKIN 7

Source: Stromal cells of the
bone marrow and thymus.

Main action: Proliferation
of lymphoid precursors.




Pro-B-cells need IL-7 in mice

Immature B cells
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Transcription Factors in B Cell Development
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Control of B cell development by transcriptional factors
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Phase 1: Generation of B cell receptor repertoire

The human genome is estimated to contain less than 50 thousand genes

The number of antibody specificities is estimated to be 10 million or more

Q Staminal precursor
\ \\\

’ g : ’ I EB B lymphocytes and receptor
repertoire

How can a limited number of genes encode for all these different antigen receptor

Generativelymphoid organs
\

Each receptor is encoded by separate gene segments that undergo
a process of random recombination!!




All B cell antigen receptors/antibodies
have the same basic structure

N-termini

O light
chain

M heavy
chain

C-termini

N-termini

disulfide
bonds

carbohydrate

antigen-bipding sites

|

Wvariable
region

| constant
region

8

hinge
region

2 identical heavy chains (green) and 2

l identical light chains (yellow)

MW: 150 KD, L: ~25 KD, H: ~50 KD

The first 100 aa at the N-term vary greatly
from antibody to antibody and are called
<4 Variable regions (red), while only few
different aa are found in the rest of the chains
that are called constant region (blue)

The amino acid sequence variability in the V
regions is specially pronounced in 3
hypervariable regions also called Regions that
Determine Complementarity (CDRs)



The quaternary structure of the antibodies brings the 3 CDR's of
the H and L chains together to form the antigen binding site




The human classes of antibody

N-termini N-termini

2 different types of light chains

O light
chain

K—A

disulfide
bonds

5 different ‘r_yp_es_of_ heavy chains mheay
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carbohydrate

l C-termini

5 classes of antibodies
Ig6G, IgM, IgD, IgA, IgE
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BCR complex

Extracellular
space

Plasma
membrane

Cytoplasm

Immunoreceptor
tyrosine-based
activation motif (ITAM)
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Variable and constant regions are encoded

antigen-bilnding sites

l I

by different genes

MWvariable
region

M constant
region

region

Only one gene encode the constant region of both heavy
=] light chain, while different gene segments encode the variable
\hinge r'egions

and

CONCEPT: Heavy chain
variable regions are
assembled from three gene
segments - V (variable), D
(for diversity) and J (for
joining) while light chain
variable regions from two
gene segments - Vand J
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Genomic organization of Ig genes

Immunoglobulin heavy- and light-chain loci

A light-chain locus
L W1 L2 V\2 - L W~30 _ I C\1 J\2 C)\2 )4 C\4

- — i = e = E

5 " Cromosome 22
K light-chain locus

K1 VK I.2 VK L3 Vx L VK~35 K1_5 CK

heavy-chain locus

L 11 VH1 L2 V42 L3 Vi3 [ L V,~40 } DH1—23 JH1-6 CH1-9

Cromosome\i4

Starting from the 5' end of each Ig locus, there is a first cluster of V gene segments followed by a
cluster of J genes.
In the H chain locus between the V and J clusters there are the D gene segments.



DNA Rearrangement Removes Sequences Between V, D and J Segments

RNA Splicing Removes Sequences Between J and C Segments
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Figure 4-2 Immunobiology, 6/e. (© Garland Science 2005)



Pro-B cells: rearrangement of the heavy chain locus

D
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VDJ joining VDJ recombination involves both
lymphocyte-specific and ubiquitous DNA-
modifying enzymes that are collectively
call the recombinase complex
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Recombinases (RAG-1 and RAG-2) recognize specific conserved DNA sequences that
flank each V, D, and J gene segments and drive the rearrangiament
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Recombination Signhal Sequences (RSSs)
Flank Rearranging Gene Segments

RSS=heptamer, spacer
P P 7bp 12/23bp  9bp
and nonamer — —
- A chgin
CACAGTG ACAAAAACC GGTTTTTGT CACTGTG I
< q
GTGTCAC TGTTTTTGG _CCAAAAACA - GTGACAC

K chain
z A o s O

H chain

JH




RAG-1 and RAG-2 gene products are

responsible for Ig gene rearrangement




Recombination involves lymphocyte-specific enzymes and ubiquitous
enzymes that modify DNA
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ENZYMES INVOLVED IN THE REARRANGEMENT OF THE Ig AND TCR GENES
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The first stages of B cell development

Stem Early Late Large
cell pro-B cell pro-B cell pre-B cell
pre-B
receptor
> @ ( @ >
H-chain : D-J V-DJ vDJ
genes Germline rearranging rearranging rearranged
;;‘ﬁ,';as'" Germline Germline Germline Germline
u chain
transiently at
surface as part
Surface Ig Absent Absent Absent of pre-B-cell
receptor. Mainly
intracellular
Protein Function
RAG-1 Lymphoid-
specific
RAG-2 recombinase
TdT N-nucleotide

addition

Successful
rearrangement of the
heavy-chain
immunoglobulin gene
segments leads to the
formation of a pre-B
cell receptor



The heavy chain locus undergoes somatic recombination

between pro-B and pre-B cell stage

Genes

Proteins

Cells

Early pro-B cell

— No functional protein expressed

V,-D4J,, rearrangements occur
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N
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Pre-B cells express the pre-BCR

Amino-terminal tails on VpreB and 15 in adjacent pre-B-cell receptor molecules bind
each other and cross-link the receptors, inducing clustering and signaling

VpreB unlque amino termmloprreB and 35
%ﬁ, A ﬁ’ g» % @
:‘r‘f\

heavy cha;n_.n.“ X ',°'
ﬁ : ’ X

o
cell membrane
ITAMs

lgp

The amino-terminal regions of
the VpreB and 15 surrogate
chains interact with each other,
favoring the  spontaneous
formation of pre-BCR dimers

The intracellular signal is transduced by

The Btk kinase generates signals
required for the progression of
maturation

Bruton's tyrosine kinase (Btk)



The signal propagated by the Bruton's tyrosine kinase
Btk induces:

l
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Pre-B cells: rearrangement of the light chain locus (locus «)
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Repeated rearrangements are possible at the light-chain loci
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Figure 7-18 Immunobiology, 6/e. (© Garland Science 2005)




Productive rearrangement of light chain genes in the
pre-B cell allows membrane expression of IgM

Pre-B cell Immature B cell

L-chain gene

Rearrangement ceases
rearrangement 9

Cell expresses ik

Rearrange k gene
on first chromosome
Fam

— IgM
@ productive join * > 9
Rearrange k gene

on second chromosome

@ nonproductive join )

Rearrange A gene 3 Cell expresses p:A
on first chromosome

S >
Rearrange A gene
on second chromosome
)

¥

Cell loss

If the rearranged k locus failed to express a functional protein than the A
locus will rearrange

Each immature B cell will produce either one « or one A light chain from one
of the inherited parental alleles



Contribution of different mechanisms to the GENERATION
OF DIVERSITY of B cell antigen receptors

Number of functional gene segments
in human immunoglobulin loci
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By these mechanisms a human can produce about 10!3 different B cell receptorsl!
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Ipersomatic mutations

Heavy chain Light chain
V regions V regions
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(© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com

They are activated by exposure to the antigen (secondary lymphoid organs).
The frequency of mutations increases following repeated exposure to the same antigen.



Contribution of different mechanisms to the GENERATION
OF DIVERSITY of B cell antigen receptors

COMBINATORIAL DIVERSITY

‘Multiple genes for the variable region V, D, J
(random selection of only one of the V, D, and J segments)

-Combinatorial association of H-chain with L-chain

JUNCTIONAL DIVERSITY

+  Removal or addition of nucleotides at the juntion point

Addition of P-nucleotides and N-nucleotides by terminal
deoxynucleotidyl transferase (TdT)

Ipersomatic mutations
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Immature B-Cells

B-cell receptor complex
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BCR engagement at the immature stage induces

receptor editing
Strong ligation of IgM by self antigen J_L

A new receptor specificity
is now expressed

RAG-1/2 on

3 . Z RAG-1/2 of f

N/ l
Arrest of B-cell development and J - g L
continued light-chain rearrangement: DA DA
low cell-surface IgM If the new
receptor is no

If the new
receptor is still
self-reactive, the
B cell undergoes
apoptosis
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immature B cell
migrates to the
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— |
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NEGATIVE SELECTION OF AUTOREACTIVE
LYMPHOCYTES

High affinity self Low affinity self
antigen recognition g oo ¥k antigen recognition

self -reactive
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Receptor editing: XS t
expression of new, Apoptosis educed receptor
Fab expression,signaling

Ane rgc
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Immature B cells express an IgM BCR and undergo a
process of negative selection

Immature B cell (bone marrow)

Multivalent Soluble No
self molecule self molecule self reaction

o

= = = = — =
Cl d\l/ or e h
onal deletion : ; _ _
recept |t|n g Migrates to periphery| | Migrates to periphery
A = =
Apoptosis Anergic B cell Mature B cell

Figure 7-26 Immunobiology, 6/e. (© Garland Science 2005)



B lymphocytes that have passed selection in the bone marrow
complete their maturation in the secondary lymphoid organs...

ProB Pro or preB Immature B
| || 1 | |
- VDJ recombination - positive selection g q : - deletion
Bone - expansion - expansion 1% negative selection | _ receptor editing

endoseum

- LC recombination

Central
]
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\ Transitional-1
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\
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TRENDS in Immunology



...... where they undergo a further selection process!

Peripheral tolerance
(lymphoid organ: spleen, lymph node)

Follicle

spleen or lymph nodes

'I

Self antigen 1

s

IgD

Mature B cell

Long-lived mature
recirculating naive B cells
(half-life about 3-8 weeks)

Apoptosis

The mature B lymphocyte
expresses both IgM and IgD on
its membrane




The co-expression of IgM and IgD depends on
alternative splicing events

POLYADENYLATION SITES

MRNA L_V C mRNA LV cs
u chain AAA 5 chain AAA
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Proposal model of human B-cell development

Bone Marrow Periphery
Antigen .
Independent Antlgen Dependent
Pre BCR
Follicular
Mature B
autoreactlve oreactlve lymphocytes:
-coexpress IgM
deletlon deletlon and IgD
or editing or anergy -recirculate to
Negative||selection secondary
lymphoid organs

Positive selection

The negative selection by deleting autoreactive B cell clones
will garantee the tolerance to SELF



Maturation of Transitional B Cells

Periarteriolar lymphoid Follicle
sheath

YT
5555

Negative
selection

signaling

Survival
signals

Death Mature B cells

/
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BAFF

- belongs to the TNF family

- binding to BAFF-R is required for full maturation of B lymphocytes

- BAFF-deficient mice lack mature B lymphocytes and have an excess of T2

lymphocytes

Immature B cell survival and
maturation




Survival of mature B lymphocytes depends on the
BAFF-R receptor

Central tolerance Peripheral tolerance

Receptor

editing
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B lymphocytes generated by bone marrow precursors
are called B2

S\ = 7~
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Pro-B Pre-B B immaturo
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: 1-O—@-
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B Cells -

Y 1gM
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- MZ cells are found in white pulp outer
regions of the spleen.

* Recognize protein and carbohydrate
antigens and produce natural
antibodies.

- Some may be able to produce
antibodies without T-cell help.

* They are characterized by low levels of
IgD.

> White pulp




B-1 cells develop early and express a limited
V gene repertoire

CD5

wiEv IgM <\ 7~
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Mode of renewal Self-renewing
Spontaneous production Hi
; : igh
of immunoglobulin




Properties of B cell subsets

igM igD igM
CD5
Conventional B cells
Attribute (B-2 B cells) B-1 B cells
Major sites Secondary lymphoid organs  Peritoneal and pleural cavities

Source of new B cells

V-region diversity

Somatic hypermutation
Requirements for T-cell help
Isotypes produced

Response to carbohydrate
antigens

Response to protein antigens
Memory
Surface IgD on mature B cells

From precursors in bone
marrow

Highly diverse
Yes

Yes

High levels of IgG
Possibly

Definitely

Yes
Present on naive B cells

Self-renewing (division of existing
B-1 cells)

Restricted diversity
No

No

High levels of IgM

Definitely

Possibly

Very little or none

Little or none

Figure 11-5
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B-2, B-1 and Marginal Zone B Cells

Follicular (B-2) B cells

CD19/

cD21 IgMlow

B-1B cells

Ithigh

Marginal zone B cells
CD19/ ‘
CD21 IgMbigh

IgDhigh Ingow Ingow
CD1
CD23 i bt
(B-1a cells only)
Attribute Follicular (B-2) B cells B-1 B cells Marginal zone B cells
Major sites Secondary lymphoid organs Peritoneal and pleural cavities Marginal zones of spleen

Progenitors first appear in mice

Source of new B cells
in adults

Dependence on IL-7 and BAFF

V-region diversity

Somatic hypermutation
Requirements for T-cell help
Isotypes produced

Response to carbohydrate
antigens

Response to protein antigens

Memory
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HSC: on day E10.5

From HSC in bone
marrow

Yes

Highly diverse

Extensive

BYes

High levels of IgG
Possibly

Yes
Yes

Progenitor: on day E9.5

Self-renewing (division of existing

B-1 cells)
No

Restricted diversity: limited Vi and
V; usage and N nucleotide addition

Some

No

Primarily IgM; some IgG
jiies

Possibly

Some

From HSCs; also earlier
progenitor?

From HSCs in bone
marrow, long-lived

Yes

Somewhat restricted

Unclear

Variable

Primarily IgM; some IgG
Yes

Yes

Unknown
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Similarities between B- and T-Cell
Development

* B- and T-cell developmental pathways
share many characteristics, including:
- the rearrangement of gene segments.

- screening processes to avoid self-
reactivity.

- production of small subsets with
discrete functions.



Differences between B- and T-Cell
Development

B- and T-cell developmental pathways also have differences,
including:
- location of maturation and screening
- the screening processes used
» both positive and negative selection in T-cell development
* negative selection only in B-cell development
- the eventual outcomes of antigen receptor stimulation

+ T cells require antigen presentation and differentiate into
helper or killer subsets.

* B cells (majority B-2 subset) require T-cell help and
secrete antibodies.



