Regular Office Hours: Tuesdays 11-12
Extra office hours: Wed, Feb7 12-1pm
Thurs, Feb 8 1lam-12
Fri, Feb9 2-4pm
I WILL NOT BE HOLDING OFFICE HOURS ON TUESDAY Feb 13!!

Dina, Tim, and I encourage all confused students to come to our office
hours and discussion sections so we can try to help un-confuse you.

The GSIs will conduct a review session in our regular class period on Tues
Feb 13.

First midterm: Thurs Feb 15 at 6pm in 155 Dwinelle (not 2050 VLSB as listed
in the original schedule).

Midterm will focus on material covered in lectures and will be designed to
be taken in 90 min. (We have the room till 8pm.)
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B cell development

The stages of B cell development
Ordered gene rearrangements
A model for allelic exclusion
The role of the preBCR in B cell development

B cell tolerance

Bone marrow stromal cells provide secreted and cell surface
factors that promote B cell maturation.

Immature Bcells
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Stages in B cell development:
proB cells: no HC or LC expression
preB cell: HC (cytoplasmic), but no LC expression
B cell: surface HC and LC expression
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Successive stages of B cell development can be distinguished
by correlated expression of various cell surface markers

B220+CD43+ B220+CD43-

Al 1 16 100

HSA

Randy Hardy’s scheme for fractionating bone marrow B cells.

Different populations were FACS sorted, cultured in vitro, and

reanalyzed to establish developmental order. .

*B220* CD43+* cells are “pro-B” (Fractions A-C)
*B220+ CD43- IgM- cells are “pre-B” (Fraction D)
*B220* IgM* IgD- cells are “immature B” (Fraction E)
*B220+ IgM+ IgD+ cells are “mature B” (Fraction F)

Ungated B220+CD43* B220+CD43-

muj C

B cell development
The preB cell
Ordered gene rearrangements

A model for allelic exclusion
The role of the preBCR in B cell development

B cell tolerance

V(D)J recombination can be
detected by as simple PCR assay
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PCR assay for gene rearrangement
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Sequential gene rearrangement and regulated
gene expression
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Sequence of Ig gene rearrangement

as determined by FACS sorted developing B cells (and
from studies using transformed “preB cell-like” cell

lines).

DJ,, , VDI, , VI, VI,

Sequence of Ig gene rearrangement

as determined by FACS sorted developing B cells (and
from studies using transformed “preB cell-like” cell

lines).

DJ,, , VDI, , VI, VI,

(proB cell), (preBcell), (B cell)




B cell development
The preB cell
Ordered gene rearrangements

A model for allelic exclusion
The role of the preBCR in B cell development
B cell tolerance
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Allelic exclusion
Gene rearrangement of Ig genes

Maternal H chain

Maternal
K chain

H chain

Ordered Gene Rearrangement
and Allelic Exclusion

pro-B pre-B immature B
f—————————V(D)J Recombinase Activity ————|------------
u° = germline heavy-chain locus
K° = germline light-chain locus
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Some B cell clones have VDJ rearrangements on both HC alleles.

In these clones, only one allele is productively rearranged!!
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A Model for Allelic Exclusion

W + k chains inhibit
rearrangement of  allele #2
and A rearrangemem

W heavy chain inhibits
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Heavy-chain expression signals to
developing B cells:

Proliferate (3 to 4 cycles)

Shut off allelic heavy-chain V-to-DJ rearrangement

Start V-to-Jk rearrangement

Alterations in gene expression (e.g., shut off TdT)

Don’t die
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A puzzle:

Antibody including the surface version of Ig (BCR)
is composed of paired Heavy and Light chains.

Heavy chain expression effects B cell development
at a stage (the preB cell) in which light chain is not
yet expressed.

What is the form of the B cell antigen receptor on
preB cells?
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Ig HC (w) in pre B cells is paired with a surrogate light chain complex
consisting of VpreB, A5: whole complex known as the “preBCR”

Figure 7. Heavy-chain mu/ surrogate
VpreB —>§ 4 light-chain complex and genes.
AS 5 3
Mu —>

VpreB A5

eSurrogate light chains:
eHomologous to VA and CA exons
*Genes DO NOT rearrange
*Expressed only in developing B cells.
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The BCR versus the pre-BCR

Transgenesis & Targeted Mutation:
Techniques for altering the mouse
genome

Transgenic mice are engineered to express foreign DNA
inserted randomly into genome. Technique usually
produces dominant mutations.

Mice with targeted mutations (gene “‘knock-out” mice)
have engineered mutations in endogenous genes.
Technique usually produces recessive mutations.
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Engineering mice to express a ‘“pre-
rearranged” Heavy chain transgene.

VDI exons C,; exons
Promoter

Rearranged HC chain cloned from a mature B cell.

Mice expressing a rearranged HC transgene have reduced
endogenous V-to-DJy rearrangement (allelic exclusion).
Evidence that presence of a rearranged HC gene feeds back to shut
down rearrangement of other HC loci.
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Ig heavy-chain transgenic mouse

A heavy-chain transgene stimulates the maturation
of RAG-deficient pro-B cells

Rag-deficient
Rag-Deficient heavy-chain transgenic wild-type

Evidence that presence of a rearranged HC genes promotes
development from the proB to the preB stage. 30

Ig heavy-chain expression is sufficient to inhibit
endogenous heavy chain rearrangement (allelic
exclusion) and to promote developmental
progression in mice that cannot rearrange their
endogneous HC genes (rag-).

Is the membrane form of Heavy Chain necessary for
allelic exclusion and developmental progression?

Gene targeting approach to delete the membrane
exons of Heavy chain.
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The origin of Embryonic Stem (ES) cells

Fertilized 2 cells Morula, 8 cells 16 cells Section of blastocyst
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" ES cells can be grown indefinately in culture.
ES cells are pluripotent: can give rise to all tissues when
transplanted into a new embryo. 32




Gene targeting using homologous
recombination in ES cells

neoR

@ TK  Targeting construct

Target locus

-Transfect ES cells with targeting construct DNA.

-Select for neoR ES cells (transfected DNA has integrated into
genomic DNA of ES cells)

Select against TK expression (correctly targeted insertion deletes
TK gene).

neoR Targeted allele
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ES cells derived from
pigmented strain

@ 'OI

l recipient blastocyst
— from albino strain of
mice

i clump of ES cells
holt{mﬂ in micropipette
suction ‘

ES cells injected
into cavity of
blastocyst

\ injected cells become
Il incorporated in inner
cell mass of host
blastocyst

blastocyst

' % develops in
foster mother
: into a healthy

chimeric mouse

Blastocyst
Injection

eStart with correctly targeted ES cell
*Hold blastocyst with suction pipette

eInject ES cells into blastocyst
eInjected ES cells become part of host
blastocyst

eImplant embryo into foster mother
*Embryo develops into chimeric mouse

*Breed to achieve germline transmission
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Membrane associated vs. secreted Ig:
Differential mRNA splicing

rearranged
VD)
LV €yl G2 Cu3 Cpd

A
LSS VL

Cu exons
s M1 M2

same
variable
domain

-~ N\

g RNA
. different
Hm RNA carboxy-
terminus
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Targeted mutagenesis in mice used to delete the exons
encoding the membrane associated version of HC.

rearranged
VD)
LV

The membrane-
associated form of Ig
HC is required for:

Cu exons

regulation the rearrangement of LC genes;
inactivate rearrangement of heavy-chain genes (allelic exclusion);

cause proliferation of pre-B cells, selecting for cells with
“productive” rearrangements;

prevent the apoptosis of developing cells.
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The pre-BCR 1is required for normal B cell

development

AS5- deficient mice show impaired B cell development

Wild type

g

AST/+

AST/ AST
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1
!
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B220 alias CD45:
B cell marker

¥

Thyl: T cell marker
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Bone marrow Periphery
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preBCR (HC and surrogate light chains)
signals lead to:

* Shut off heavy-chain V-to-DJ rearrangement (allelic exclusion)
* Pro B cell > pre B cell transition

— Start V-to-JK rearrangement

— Alterations in gene expression (e.g., shut off TdT)

— Don’t die

— Proliferation

B1 B cells, a “non conventional” B cell population

Characteristic B-2

surface markers IgD" IgM" IgM" IgD" (CD5+)
development throughout life fetal & perinatal period
lifetime weeks entire lifetime
location blood, spleen, lymph nodes body cavities (peritoneum)
antibody all Ig classes; very diverse  IgM, limited diversity

role in immunity

adaptive responses

programmed response

40




B cell development
The preB cell
Ordered gene rearrangements

A model for allelic exclusion
The role of the preBCR in B cell development
B cell tolerance
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AB individuals do not make

Red blood cells from individuals of type

antibodies to A or B

carbohydrate structures YA =
because they are tolerant to " "

. V V
their own red blood cells.
Express the carbohydrate structures

R-GlcNAc- Gal - GalNAC

Serum from R-GlcNAc-Gal R-GlcNAc-Gal-GalNAc| R-GlcNAc-Gal-Gal F:Jc
individuals Fuc Fuc Fuc R-GlcNAc- Gal - Gal
of type Fuc
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A
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Anti-B antibodies

B
&} no agglutination agglutination no agglutination agglutination
Anti-A antibodies
AB
No antibodi no agglutinati no inati no agglutination ||| no agglutination
toAorB

Figure A-8 Immunobiology, 6/e. (© Garland Science 2005)

operates at early and late stages of B cell development

Tolerance to self involves both B and T cells and

There are many overlapping mechanisms that ensure self-
tolerance.

Self-reactive B and T cells are eliminated or inactivated during
their development

Most B cell responses depend on T cell help, so T cell tolerance
helps to ensure that antibodies against self are not generated.

B cell-intrinsic tolerance mechanisms are especially important
for T-independent B cell responses.

Somatic hyper-mutation can potentially generate new self-
reactive specificities after B cells encounter antigen.

43

B cell tolerance

* Clonal deletion-- the removal, by apoptosis, of B cells
with self-specific antigen receptors

* Anergy-- the biochemical inactivation of self-specific
B cells

* Receptor editing-- ongoing V(D)J recombination
resulting in light-chain replacement and escape from
self-reactivity

* Ignorance-- self-specific B cells are present and
functional, but levels are self proteins are insufficient
to trigger autoimmunity.

44




Immature vs. mature B cells

e[gM© TgDres

*BCR crosslinking
leads to apoptosis,
not activation

*Subject to “receptor

ege ' immature mature
editing” as a self: . pre-B ———— s e
tolerance mechanism

recombinase activity
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Receptor Editing: an important
mechanism of B cell self-tolerance

receptor editing

Upstream Vk to downstream JK rearrangement deletes pre-existing
light chain gene. 46

Thought question: can Ig heavy-chain
genes undergo receptor editing?

Using rearranged Ig transgenic mice to study B
cell tolerance

VDI, exons C,; exons
VI, exons C, exons

—r"_—“—:

Rearranged HC and LC chain cloned from a mature B cell and
introduced into the germline via transgenesis to create an Ig
transgenic mouse line. The majority of B cells developing in

these mice express a single, defined Ig.
48




A transgenic model of B cell tolerance

Anti-HEL Ig transgenic HEL-expressing transgenic
HEL=
Hen Egg

N X N
5 i
Lysozyme

(not exactly

self, but acts as

a self antigen

when expressed Double transgenic

as a transgene.)  golyple, secreted embrane-associated
HEL HEL

A
nersy Clonal Deletion

(self-reactive B cells are a ine B cell d)
present but non-functional.) g expressing 1> cells are ref‘lgnove

o L

Yoo \ Ve 0
) X .
TS D) B Cell Tolerance:
Transgenic J, Transgenic 1
e fansgenc Evidence for Clonal Anergy|
‘.Oﬁlr—;
\> e Anergy: B cells expressing self-reactive
Double transgenic Ig are present but are abnormal and non-
(carrying both HEL and anti-HEL transgenes) functional.
Non-transgenic Anti-HEL transgenic Anti-HEL/HEL
double transgenic
T 100 |- )
: @
2
£ 10
=
£
VR '
w
I

i 1 I 1 I
1 10 100 1 10 100 1 10 100

IgM expression on membrane (arbitrary fluorescence units)

B cells from anti-HEL transgenics can secrete anti-HEL Ig when stimulated.
B cells from double transgenic mice cannot. 50

B cell development (antigen dependent)
Organization of lymphoid organs
T-independent B cell activation
T cell - B cell collaboration

Class switch recombination and somatic hypermutation
Affinity maturation and memory B cells
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Lymphocyte differentiation

Cell death
Antigen (+
additional /
-0
—
-

E.arly o Naive cell Effector cell \
differentiation (sometimes (rapidly
(bone marrow called a resting dividing, fully o
for B cells, or quiescent B functional.)
thymus for T or T cell.) Memory cell
cells)

Antigen-dependent
development

Antigen-independent
development
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Pattern of Ig secretion after immunization

100 -
Total ~
10
Primary , Secondary
response % response

Antibody concentration in serum,
units per ml

1° Ag 2°Ag
Time after immunization 53

Lymph()ld tissues Lymphoid organs are

organized structures
containing lymphocytes in
close contact with non-
lymphoid (stromal) cells.

adenoid
tonsil

left subclavian vein .
thymus Primary vs secondary

heart lymphoid organs.

right subclavian vein
lymph node

thoracic duct

spleen Mature B cells (and T

Peyer's patch in cells) circulate between

small intestine A
large intestine blood and lymphoid organs

kidney

Lymph nodes collect antigen

from tissues via lymph
bone marrow

Spleen collects antigen
from bloodstream.

B and T cells can encounter
antigen (and each other) in
[Figure 1-7 Immunobiology, 6/e. (© Garland Science 2005) spleen and LN 54

Different stages of antigen-dependent B cell development
occur in distinct regions of lymph node

Primary follicle

B-cell activation Afferent

Paracortex
Initial T-cell
and B-cell
activation

Germinal center
B-cell
proliferation
and
differentiation

Cortex

Secondary follicle
Medulla

Efferent — :
lymphatic Plasma-cell secretion
vessel of antibody 55

B cell development (antigen dependent)

Organization of lymphoid organs
T-independent B cell activation
T cell - B cell collaboration
Class switch recombination and somatic hypermutation
Affinity maturation and memory B cells
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The B cell antigen receptor (BCR: alias cell
surface form of Ig or antibody)

Pro-B cell Pre-B cell Immature B cell
VHDHIHCy ViDHIHCy
\ N\
Surrogate‘ ’\Vpre-B
Ig-oc/lg{i\ light chain Nkorh
ﬁfﬂ:s
Crosslinking Crosslinking
by st'romal» by antigen
cell ligand
Stops Vi~ > Dy Jy Activation Death

(allelic exclusion) ?
Induces V, ™ >J, ?

B Cells Integrate a Multitude of Signals Leading to
Death, Anergy, Proliferation, or Differentiation

Mature B cells express multiple cell-surface signaling molecules. Activation of
these receptors initiate signaling cascades which affect the expression of

various transcription factors and the V(D)J recombinase. ss

T cell dependent and independent B cell responses

(@) TI-1 antigen (b) TD antigen

2 signal model: engagement of antigen receptor (BCR,
“signal 17) is not sufficient to activate B cell. Also need

co-stimulatory signal (“signal 27).
59

T cell dependent and independent antigens

TABLEH-ZI n m3 penden t ant L

TI ANTIGENS
Property TD antigens Type 1 Type 2
Chemical nature Soluble protein Bacterial cell-wall Polymeric protein antigens;
components (e.g., LPS) capsular polysaccharides

Humoral response

Isotype switching Yes No Limited

Affinity maturation Yes No No

Immunologic memory Yes No No

Polyclonal activation No Yes (high doses) No
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T cell independent responses

Simple, repetitive antigens (often carbohydrates)
Mostly IgM

Modest affinity

* No memory

B cells activated by direct BCR crosslinking

B cells can also be activated via Toll-like
receptors (TLRs)
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T-independent antigen activate B
cells by direct BCR aggregation

Signal transduction by BCR

Antigen
Resting Crosslinked
\qell B cell

B-cell
membrane
Ig-0/1g-B
P

Cytoplasm
+HP PH
\

ITAM -7 Y, Src Syk
\\Kinases

TD/EX, DIEX, Kol Xy KoL |

ITAM sequence
Ig-a and Ig-p chains become phosphorylated on tyrosine residues,
and then act as docking sites for other proteins, including tyrosine
kinases. Assembly of large multiprotein complex: “signalosothe”

Signal transduction by BCR can
be modulated by co-receptors.

B-cell coreceptor C3d

\ Antigen
_-CR2(CD21) /
T, MigM
C/D19 o a6 :

TAPA-1 ‘? ? | [loafieP
(CD81) — SO

D D i

T ‘

EJ Syk
D @ «kinase
et I
\Lyn.7 Src kinases
Fyn?
Others?

Selee
[&)
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B cell development (antigen dependent)

Organization of lymphoid organs
T-independent B cell activation
T cell - B cell collaboration
Class switch recombination and somatic hypermutation
Affinity maturation and memory B cells
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T cell - B cell collaboration

*Required for antibody response to complex antigens-- proteins, lipids
*Requires direct, physical B-T interaction
eInvolves multiple cell surface receptors on T and B cells

*Both B and T cell must recognize antigen (but not necessarily the
same epitope).

*Both B and T cells need signal 1 (through antigen receptor) and
signal 2 (co-stimulation) 66

7 T cell dependent B cell response
S a0
B . cron *Sequence of events:
i{\ \/f §;\ —_ *Antigen binding to BCR provides “Signal 1” to B cell.
) * o > ) *Antigen is internalized, processed and antigenic
<= \/ peptides are displayed on MHC for T cell recognition.

T (helper T cell) recognizes antigen-MHC complex
via the T cell antigen receptor (TCR): provides “Signal
17 to T cell.
_// *B7on B cell binding to CD28 on T cell provides
~codo cosol “Signal 27 to T cell.

Sytokines *T cell activation leads to up-regulation of CD40L
’ . which bind to CD40 providing “Signal 2” to B cell.

) *Cytokine production by activated T cell also help to
activate B cell.

éccg\llla‘ed R *B cell proliferates and differentiates into antibody
secreting B cell (plasma cell).

= \Y\/\ 67

Proliferating B cells [l

Antigen recognition by B cells vs. T cells

Both form their antigen receptors by V(D)J recombination
B cell receptor (BCR) consists of 2 HC and 2 LC (membrane Ig).
T cell receptor (TCR) consists of aff heterodimer (membrane form

only).

Both signal by associating with signaling complex in membrane:
Ig-a and Ig-f for B cells, CD3 complex for T cells.

B cells can bind intact protein antigen in solution.
T cells bind peptides displayed on the surface of another cell : an

“antigen presenting cell” (dendritic cell, macrophage, or B cell).
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