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Definition of Immunology

The term /7irmuriséy is derived from the Latin word /rrwrmuriiias,
Historically, immunity protection from disease and, more
specifically, infectious disease.

The Immune system discriminate self from non- self

Self
Non self -
1. Foreign Invader Organisms
a. prion , b. Virus , c. Bacteria , d. Fungi e. parasites . Protozoa
T~Worms
2. Altered self (Neoplastic & transformed cells)
3. Foreign Tissues (Transplantation/Graft)
4 . Environmental Agents

Definition
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Immunology

1. Vaccination

2. Immunotherapy & Serotherapy

3. Allergy/Hypersensitivity

4. Immunohematology & Blood Transfusion
5. Transplantation Immunology

6. Tumor immunology

7. Immunodeficiency

8. Autoimmune Diseases 9. Immunology of infectious Diseases
10. Immunogenetic

11. Immunochemistry

12. Neurocimmunology

13. Immunopharmacology

14. Reproductive Immunology

15. Veterinary Immunology

16. Mucosal Immunology

17. Nutritional Immunology

18. Behavioural Immunology

19. Serology

20. Immunopathology
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Immune System:

1. Molecules ( Ig, TCR, Cytokines, MHC...)
2. Cells (Lymphocytes, Monocytes ....)
3. Lymphoid Organs ( Lymph node, Thymus, BM...)

Immune Response/Immunity:

1. Innate Immunity (Native/Natural)
present before infection (Early line of defense)

2. Adaptive Immunity (Specific/Acquired)
develops as response to infection
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¥X Table 1-2. Features of Innate and Adaptive Immunity

[ Innate | Adaptive
Characteristics
Specificity For structures shared by For antigens of microbes and
groups of related microbes for nonmicrobial antigens
Diversity Limited; germline-encoded Very large; receptors are produced

by somatic recombination of
gene segments

Memory None Yes

Nonreactivity to self | Yes Yes

Components

Physical and Skin, mucosal epithelia; Lymphocytes in epithelia;

chemical barriers antimicrobial chemicals antibodies secreted at
epithelial surfaces

Blood proteins Complement Antibodies

Cells Phagocytes (macrophages, Lymphocytes

neutrophils), natural Killer cells

This table lists the major characteristics and components of innate and adaptive immune responses. Innate
immunity is discussed in much more detail in Chapter 12.
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Chapter 1 — General Properties of Immune Responses -

/Microbe
[ Innate immunity | Adaptive immunity|
s B lymphocyt
I es : :
/-\‘ Epithe”a' y 2 Antibodies
| barriers «*
\ ) A -
N ¢ — - W
/UQ! &), A<
&wg'f/ N T lymphocytes
Phagocytes Effector T cells
>3
S| XS
Complement NK cells
| Hours £ Days |
0 6 12 1 3 5

Time after infection s

XX Figure 1-1 Innate and adaptive immunity.
The mechanisms of innate immunity provide the initial defense against infections. Adaptive
immune responses develop later and consist of activation of lymphocytes. The kinetics of the innate
and adaptive immune responses are approximations and may vary in different infections.
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Types of Adaptive immune responses:

1.Humoral Immunity
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FIGURE 1-3 Active and passive immunity. Active immunity is conferred by a host response to a microbe or microbial antigen, whereas
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Phases of Adaptive Immune Responces

1. Recognition of Antigen (Ag)

Clonal selection hypothesis (Fig 1-7)
10° -101*T Antigenic Determinant

2. Activation of Lymphocytes

2 signal hypothesis (Fig 1-8)

Sig.- 1: Ag—> Specifity of Immune Response

Sig- 2: cytokine or other molecules

>Synthesis of new proteins, proliferation, effector cells

=38 Effector Phase— Elimination of Ag by Abs & CTL

Innat Immunity( phagosytosis; NK)
4. Homeostasis
S. Memory

Antigen Lymphocyte Antigen Contraction Memory
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FIGURE 1-6 Phases of adaptive immune responses. Adaptive immune responses consist of distinct phases, the first three being the
recognition of antigen, the activation of lymphocytes, and the elimination of antigen (the effector phase). The response contracts {declines) as antigen-
stimulated lymphocytes die by apoptosis, restoring homeostasis, and the antigen-specific cells that survive are responsible for memory. The duration
of each phase may vary in different immune responses. The y-axis represents an arbitrary measure of the magnitude of the response. These principles
apply to humoral immunity (mediated by B lymphocytes) and cell-mediated immunity (mediated by T lymphocytes)
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FIGURE 1-4 Specificity, memory, and contraction of adaptive immune responses. Antigens X and Y induce the production of
different antibodies (specificity). The secondary response to antigen X is more rapid and larger than the primary response {(memory). Antibody levels
decline with time after each immunization (contraction, the process that maintains homeostasis). The same features are seen in cell-mediated immune

responses.
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Hapten

= A substance that is non-immunogenic

= Haptens have the property of antigenicity but not immunogenicity.
= Can react with the products of a specific immune response.

= Haptens are small molecules

* Hapetn-Carrier

* Free haptens, can react with products of the immune response after
such products have been elicited

* Why do we study Haptens? Peniciline/penicilloy/
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Epitope / Antigenic Determinant
Immunogenic Determinant

= Epitope or Antigenic Determinant —

That portion of an antigen that combines with the products of a specific
immune response.

e Epitopes — part of an antigen recognized by
B cell receptor or Ab
TCR on surface of T cells
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Classification of Epitope

* Linear vs. Conformational
* Continuous vs. Discontinuous
= Private vs. Common(Cross reactive)

= B cell vs. T cell Epitopes
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Conformational '

= inear Neoantigenic determinant
determinant

Line
determinant (created by proteolysis)

(3; ‘B> ccessible )
T determinant
—/ Determinant
< Inaccessible - absent
determinant r <

c
Site of limited
~N
Denakurallon\'i
= ™~ v New determinant
_/\_, o ~N
e — Ig binds to

proteolysis
determinant in c JL—/
& both native and ~
& l

N
< Denaturation enaturation '

N
%}//(
A

) denatured tei
R Ig binds to a proters N

determinant in
Determinant lost | denatured Determinant near
by denaturation [ protein only site of proteolysis

¥t Figure 39 The nature of antigenic determinants.
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Linear vs. Discontinuous Epitopes

[ e | [ —— l Linear Epitope
L 8 ATl T cell epitopes
N\ oo // Present in 1° sequence

B TN j:\( SO N . )
A N NN Discontinuous Epitopes
~ o most B cell epitopes
n BE present in 3-D conformation
eee = Figure 311 Unear st discomtinurous
O e X% 4 A near epimope of 3 protesn
PO, . o X § 1 [e— artsgen = formes from comt g
ek G0 O 2minG acds. A dEcontinuous epitope s
N o RIS ot mes froem smns s from Setterent
Soas” - ) parts of the polypeptide that
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More on Epitopes

* Most antigens are multivalent

* Different epitopes * Repeated epitope
[ muttivaent antigen with ditterent epitopes with a
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Characteristic

B cells

/IR BVl Comparison of antigen recognition by T cells and B cells

T cells

Interaction with antigen

Binding of soluble antigen

Involvement of MHC molecules

Chemical nature of antigens

Involves binary complex of membrane
Igand Ag

Yes
None required

Protein, polysaccharide, lipid

Involves ternary complex of T-cell receptor, Ag,
and MHC molecule

No
Required to display processed antigen

Mostly proteins, but some lipids and
glycolipids presented on MHC-like

molecules
Epitope properties Accessible, hydrophilic, mobile peptides Internal linear peptides produced by
containing sequential or nonsequential processing of antigen and bound to
amino acids MHC molecules
Table 4-2

Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company
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B cell Epitopes

* On native proteins
® Hydrophilic residues

= b/c antibodies

= recognize antigen

= in its native state

- Hydrophobic residues

= on inside

= - Hydrophobic residues on

outside
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CROSSREACTIVITY

- Antibody elicited by one Ag can cross-react with unrelated Ag.
- Occurs if two different Ags share identical or very similar epitope

(i) Cowpox antigens in vac a
(= share similar or identical epitope )

~~~~~~ >

a virus are cross-reactive to smallpox antigens in variola virus

(iii) Streptococcus pyogenes infection >>> heart & Kidney damage following infection (: cell
wall proteins called M antigens vs Myocardial & skeletal muscle proteins ).

(iv) Original antigenic sin.

- Vaccination with one strain of flu elicited Ab responses to another

flu strain.

{v) Cross-reacting bacterial Ag vs glycoproteins on RBC

(vi) ABO Blood types Abs
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FACTORS INFLUENCING IMMUNOGENICITY

A. Contribution of the Immunogen
B. Contribution of the Biological System
C. Dose & Method of Administration
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A. Contribution of the Immunogen

1.Foreignness - The immune system normally discniminates between self and non-self
* Some self molecules are highly immunogenic — e.g.: sperm; sequestered from immune system

» Conserved molecules = little antigenicity — e.g.: collagen, cytochrome ¢

2. Size - There I1s not absolute size above which a substance will be immunogenic.
* Big is better

* Good immunogens: 10,000 - >100,000 Da.

¢ Poor immunogens: 5000-10000 Da.
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3. Chemical Composition & Heterogeneity
The antigenic determinants are created by the primary sequence of residues in the polymer and/or by the
secondary, tertiary or quaternary structure of the molecule.
— proteins best antigens 4 levels of protein structure (1°, 2°, 3°,4°)
— Lipids , carbohydrates & DNA — poor antigens
» Heterogeneity is good
— Homopolvmers not usually poor antigens

— Heteropolvmers — usually better

4. Physical form - In general particulate antigens are more immunogenic than soluble ones and
denatured antigens more immunogenic than the native form.

5. Degradability - Antigens that are easily phagocytosed are generally more immunogenic. This is

because for most antigens (T-dependant) the development of an immune response requires that the
antigen be phagocytosed, processed and presented to helper T cells by an antigen presenting cell (APC).
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B. Contribution of the Biological System

1. Genetic Factors
= Some substances are iImmunogenic in one species but not in another (e.g. polysaccharides )

= some substances are immunogenic in one individual but not in others (i.e. responders
and non-responders, flu & HBV Vaccine).

2. Age - Age can also influence immunogenicity. Usually the very young and the very old
have a diminished ability to mount and immune response in response to an immunogen.
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C. Dose & Method of Administration

1. Dose - The dose of administration of an immunogen can influence its immunogenicity. There is a dose of
antigen above or below which the immune response will not be optimal.

* Immunogen dosage

* —Too small — no response

* —Too large — tolerance

- B ters — repeated dosages

2. Route - Generally the subcutaneous route is better than the intravenous or intragastric routes.
The route of antigen administration can also alter the nature of the response
Oral ,blood (iv), in skin (id), beneath skin (sc), muscles (im), peritoneal cavity (ip)

3. Adjuvants - The use of adjuvants is often hampered by undesirable side effects such as fever and inflammation
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Adjuvants
= Adjavare— ““to help™
= Boost immune response to antigen in low abundance or of poor immunogenicity

= Common adjuvants
= LPS, aluminum KSO4, BCG (=killed My cobacteria). others.__.

= Why do they do work?

* b/c many are TLR ligands.

* Activate DC’s & Mo's.

= Inflammation

= Enhance persistance of antigen

FIA: Freund’s Incomplete Adjuvant — “water in oil” adjuvant
FCA: Freund’s Complete Adjuvant — contains BCG
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TYPES OF ANTIGENS

A_T-independent Antigens, polysaccharides are T-independent antigens.

Properties of T-independent antigens
1. Polymeric structure

2. Polyclonal activation of B cells - Many of these antigens can activate B cell clones specific for
other antigens (polyclonal activation).

3. Resistance to degradation.

B. T-dependent Antigens - Proteins are T-dependent antigens.
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SUPERANTIGENS

= A conventional T-dependent antigen activates 1 in 10% -10° of the T cell population
(monoclonal/oligoclonal response

= Superantigens polvclonally activate a large fraction of the T cells (up to 25%).

= Examples - Staphylococcal enterotoxins (food poisoning),
Staphylococcal toxic shock toxin (toxic shock syndrome)
Staphylococcal exfoliating toxins (scalded skin syndrome)
Streptococcal pyrogenic exotoxins (shock).

= Bacterial superantigens are the best studied

= The diseases associated with exposure to su erant ens are, in part, due to hyper activation of
the immune system and subsequent release o ologically active cytokines by activated T cells.
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Name Acts upon T Acts upon B
cells? cells?
phytohaemaggl
utinin (PHA) yes no
concanavalin os no
A (conA) Y
lipopolysacchari
de (LPS) no yes
pokeweed
ves yes

mitogen (PWM)
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FIGURE 5.3 Proteolytic fragments of an immunoglobulin G (1gG)
molecule.Early studies of the properties of proteolytic fragments of
rabbit Ig provided key insights into the general structural features of
all Ig molecules. Rabbit IgG molecules are cleaved by the enzymes
papain (A) and pepsin (B) at the sites indicated by arrows. Papain
digestion allows separation of two antigen-binding regions (the Fab
fragments) from the portion of the IgG molecule that binds to
complement and Fc receptors (the Fc fragment). Pepsin generates a
single bivalent antigen-binding fragment, F(ab’),. N and C at the
ends of polypeptide chains refer to the amino and carboxy termini,
respectively.
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The Immunoglobulin Fold 2 Gudomdn . Vidoawin

The characteristic structural motif of all Ig domains B strands
A B barrel of 7 (Cv) or 8 (VL)
polypeptide strands connected A barrel made of a sheet of
by loops and arranged to staves arranged in a folded

enclose a hydrophobic interior over sheet

Single VL domain Barrel under construction

1V regions
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Variability of amino acids in related proteins
Wu & Kabat 1970

Variability
Cytochromes C
Amino acid No

Variability

Amino acid No
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Framework and Hypervariable regions

« Distinct regions of high variability and conservation led to the concept
of a FRAMEWORK (FR), on which hypervariable regions were
suspended.

* Most hypervariable regions coincided with antigen contact points -
the COMPLEMENTARITY DETERMINING REGIONS (CDRs)

FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4

Variability

Amino acid No
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Antibody + complement- mediated
damage to E. coli
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- Four types of non-covalent forces operates over a very short distance
( generally 1 angstrom )
- The interaction depends on a very close fit between the Ab & Ag.
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IgE IgM ‘
b - The hinge region is replaced \ IgA IgD 1gG
@ by an additional Ig domain &
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TABLES-2 Human Antibody Isotypes
Serum
Isotope of Subtypes Concentration Serum Half-life
Antibody (H Chain) {mg/mL} (days) Secreted Form Functions
lga lgAl2 a5 B Mainly Mucaosal
[ or 2] dimer; also immunity
MaNOMer,
trimar
IgD Mona Trace 3 Monomer Maiva B cell
(&) antigan
raceptor
IgE Mona 0.05 2 Monomer Defense against halminthic
1] % )\5\:) parasites, immadiate
hypersansitivity
Ce2
Ce3
lgc lpG1-4 125 23 Monomer Vi Opsonization, complamant
1, ¥2¥3, Cm activation, antibody-
oryd) A dependent cell-mediated
[y cytotoxicity, neonatal
Gz immunity, faedback
Gy inhibition of B cells
Ighd Mona 1.5 5 Pentamer Maiva B cell antigen recep-
(1= tor (monomaric form),
complamant activation
Tha affector functions of antibodies ane discussad in detail in Chaptar 13.
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Multimerisation of IgM

(Fc regions only shown)
2. Cysteines in the J chain form
disulphide bonds with cysteines from
each monomer to form a dimer %
3. A J chain detaches leaving the ~ m % _ ‘&
dimer disulphide bonded. \ §
\d

4. A J chain captures another IgM
monomer and joins it to the dimer.

r=A o
5. The cycle is repeated twice more 5 ‘- ‘
. The J chain remains attached ‘ %
to the IgM pentamer. , %
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1. Two IgM monomers in the ER I
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Antigen-induced conformational changes in IgM

Planar or ‘Starfish’ conformation found in  Staple or ‘crab’ conformation of IgM
solution. Conformation change induced by

Does not fix complement binding to antigen.
Efficient at fixing complement
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IgM facts and figures

Heavy chain:

Half-life:

% of Ilg in serum:
Serum level (mgml-):
Complement activation:
Interactions with cells:

Transplacental transfer:
Affinity for antigen:

B slo cowgad mhaw j0 a8 conl (ol s T aadsy o 5 Lol =Y 5,08 0929 (oS (L3 Jlade a4y i 5 & jg0 a0
518D o2 a5 el naive B lymphocyte el ol mhauw ;o gl gigesl £45 99 a5 Jok s -V .05,ls 13 (Naive)

Heavy chain:

Half-life:

% of Ig in serum:
Serum level (mgml-):
Complement activation:
Interactions with cells:

Transplacental transfer:

WS s Iy Gial3dl lBsd i g lme sl (6o e o 18D clale —F ol ] a1 1GM 2

IgD facts and figures

IgD is co-expressed with IgM on B cells due to differential RNA splicing

Level of expression exceeds IgM on naive B cells

IgD plasma cells are found in the nasal mucosa - however the function of IgD in host

defence is unknown - knockout mice inconclusive

Ligation of IgD with antigen can activate, delete or anergise B cells
Extended hinge region confers susceptibility to proteolytic degradation
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IgA facts and figures

Heavy chains:
Half-life:

Serum levels (mgml-'):
% of Ig in serum:
Complement activation:

Interactions with cells:

Transplacental transfer:

To reduce vulnerability to microbial proteases the hinge region of IgA2 is truncated,
and in IgA1 the hinge is heavily glycosylated.
IgA is inefficient at causing inflammation and elicits protection by excluding, binding,
cross-linking microorganisms and facilitating phagocytosis

IgA dimerisation and secretion

IgA is the major isotype of antibody secreted at mucosal sufaces

Exists in serum as a monomer, but more usually as a J chain-
linked dimer, that is formed in a similar manner to Igl pentamers.

& © s @ < o

IgA exists in two subclasses
lgA1 is mostly found in serum and made by bone marrow B cells

IgAZ is mostly found in mucosal secretions, colostrum and milk and is made
by B cells located in the mucosae
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Secretory IgA and transcytosis

Stalk’ of the plgR is degraded to release IgA

containing part of the pIgR - the secretory -y ey (o
component O SP" 28

IgA and plgR

are transported . _
to the apical Epithelial
surface in cell
vesicles

plgR & IgA are
oy N internalised
N i

Polymeric Ig receptors
are expressed on the
basolateral surface of
epithelial cells to
capture IgA produced
B cells located in the submucosa in the mucosa

produce dimeric IgA
228
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IgE facts and figures

Heavy chain:
Half-life:

Serum level (mgml-):
% of Ig in serum:

Complement activation:

Interactions with cells:

Transplacental transfer:
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The high affinity IgE receptor (FceRI)

The IgE - FceRI interaction is

the highest affinity of any Fc

receptor with an extremely low
i 6 dissociation rate.

Binding of IgE to FceRI
increases the half life of IgE
a C=e3 of IgE interacts with the «
chain of FceRI causing a
conformational change

o chain

v2 B chain
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IgG facts and figures

Heavy chains: 1 3233 4 - Gamma 71 - 4
Half-life: IgG1 2171 - 24 days IgG2 27 - 24 days
IgG3 7 - 8 days lgG4 21 - 24 days
Serum level (mgmli-1): IgG1 5-12 IgG2 2-6
IgG3 0.5-1 IgG4 o02-1
% of lg in serum: IgG17 45 - 563 1gG2 771 - 15
IgG3 3-6 IgG4 71-4
Complement activation: /gG7 “+++ 1gG2 +
IgG3 +4+ 4+ IgG4 No
Interactions with cells: All subclasses via IgG receptors on macrophages
and phagocytes
Transplacental transfer: /igG7 ++ 1gG2 +
gG3 ++ 19G4 ++
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C1q binding motif is

located on the Cy2
— domain

Carbohydrate is essential for
complement activation

Subtly different hinge regions
between subclasses accounts
for differing abilities to activate
complement
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Fcy receptors

High affinity Fcy receptors from the Ig superfamily:

Receptor  Cell type Effect of ligation
FcyRI Macrophages Neutrophils,

Eosinophils, Dendritic cells ~ Uptake, Respiratory burst
FcyRIIA Macrophages Neutrophils,

Eosinophils, Platelets

Langerhans cells Uptake, Granule release
FcyRIIB1 B cells, Mast Cells No Uptake, Inhibition of stimulation
FcyRIIB2 Macrophages Neutrophils,

Eosinophils Uptake, Inhibition of stimulation
FcyRIl NK cells, Eosinophils,

Macrophages, Neutrophils

Mast cells Induction of killing (NK cells)

Dol pols peasgr oliwl Lol ogr oliwl j5by 4o 55 audul

° Fcy ol bl s i Slrdg The neonatal Fcy receptor

K sk @ Jy Sl S92 g0 wladgl QLS
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Human FcyRn Human MHC

Class |

The FcyRn is structurally related to MHC class |

In cows FcyRn binds maternal 1gG in the colostrum at pH 6.5 in the gut.
The IgG receptor complex is trancytosed across the gut epithelium and
the IgG is released into the foetal blood by the sharp change in pH to 7.4

Some evidence that this may also happen in the human placenta,
however the mechanism is not straightforward.
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* Figure 4-1 T cell recognition of a peptide-MHC complex.

This schematic illustration shows an MHC molecule binding

and displaying a peptide and a T cell receptor recognizing two

polymorphic residues of the MHC molecule and one residue of

the peptide. Details of the interactions among peptides, MHC

molecules, and T cell receptors are described in Chapters 4, 5,
and 6.
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Control of immune responsiveness to protein Ags by MHC Discovery of the MHC

Benacerraf & McDevitt(1960 & 1970)

*» Concept of genetic polymorphism 3§ Transplantation
1. Non-polymorphic genes )
MHC? MHCP

2. Polymorphic genes(allele) 3
b
Immunize with | "1 M @ @
protein antigen » Gorege Snell (1940) i o ‘

Jonor lonor
Inbred mouse strains ; #
After 20 generation-> syngenic [Skin graft] (7 V4

Allogenic ‘ ‘
Antibody Congenic mice Recpient V. Recient
response Yes No (
Histocompatibility gene g S,

in mice H-2 _ “ J’
Chr. 17 e W N

MHC No Yes
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Alloantisera

Aldloantibodies

Alloanticens

>

Human Leukocyte antigens(HLA) on chr.6
HLA-A , HLA-B ,HLA-C

Mixed Leukocyte Reaction (MLR)
HLA-DR , HLA —DQ & HLA-DP

MHC Class I: Human(HLA-A, HLA-B & HLA-OC)
Mice (H-2k, H-2D & H-2L )

MHC class II: Human (HLA-DR, HLA-DP & HLA-DQ)
Mice (XI-A and I-E)
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Properties of MHC Genes

1. MHCclass I > T CDS8S?t
MHC class IT> TCD4*

2. MHC genes are the most polymorphic
3. MHC genes are codominantly expressed

Haplotype: MHC alleles presents on each chr.
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Table 4-1. Features of Class I and Class Il MHC Molecules

Feature

Class | MHC

Class Il MHC

Polypeptide chains

o (44-47 kD)
B2-Microglobulin (12 kD)

o (32-34 kD)
B (29-32 kD)

Locations of
polymorphic residues

o1 and o2 domains

o1 and 31 domains

Binding site for
T cell coreceptor

a3 region binds CD8

B2 region binds CD4

Size of Accommodates peptides | Accommodates peptides
peptide-binding cleft of 8-11 residues of 10-30 residues or more
Nomenclature
Human HLA-A, HLA-B, HLA-C HLA-DR, HLA-DQ, HLA-DP
Mouse H-2K, H-2D, H-2L I-A, I-E
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3¢ Figure 5-3 Functions of different antigen-presenting cells.

The three major types of antigen-presenting cells for CD4" T cells function to display antigens at
different stages and in different types of immune responses. Note that effector T cells activate
macrophages and B lymphocytes by production of cytokines and by expressing surface molecules;
these will be described in later chapters.
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* Figure 5-9 Presentation of extracellular and cytosolic antigens.
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The discovery of B cell immunity

1954 - Bruce Glick, Ohio State University

Studies on the function of the bursa of Fabricius, a lymphoid organ in
the cloacal region of the chicken

& 2 %
Burseciomy — no apparent effect i

~ None of the
~ bursectomised

e
Bursectomised chickens chickens made
were later used in 1 ,.)—ﬁ_ ¢ anti-Salmonella
experiments to raise - ) o = antibodies
antibodies to Sa/fmorel/=z E -
antigens — =, o

Bursa was later found to be the organ in which antibody producing cells
developed — antibody producing cells were thereafter called B cells

Mammals do not have a bursa of Fabricius
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Origin of B cells and organ of B cell
maturation

Mature marked
Transfer marked foetal B cells

hhver cells i i '
Norm=aal bone marrow - pernpha

No Mature
B cells

Defective bone marrow

B cell development starts in the foetal liver
After birth, development continues in the bone Mmarrowvw
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B cell development in thhe bone marrow

- Regulates construction of an antigen receptor

Ensures each cell has only one specificity

Exports useful cells to the periphery

Provides a site for antibody production

- Checks and disposes of self-reactive B cells

=

Bone Marrow provides a
MATURATION & DIFFERENTIATION MICROENVIRONMENT
for B cell development
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Bone Marrow
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Scheme of B Cell Development in the Bone Marrow
Immature &
Pre-B mature B

Progenitors

SCOm000QIM

Stromal cells
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Bone marrow stromal cells nurture
developing B cells

1. Specific cell-cell contacts between stromal cells and developing B cells

2. Secretion of cytokines by stromal cells

Secreted

Cell-cell contact Factors - CYTOKINES

Stromal cell

Types of cytokines and cell-cell contacts needed at
each stage of differentiation are different
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Stages of B cell development

Stem Cell Early pro-B cell Late pro-B cell Large pre-B cell
Peripheral

Small pre-B cell Immature B ce<ll Mature B cell

Each stage of dewvelopment is defined by rearrangements of lgH
chain genes, gL chain genes, expression of surface 1g,
expraession of adhesion molecules and cytokine receptors
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Cytokines and cell-cell contacts at each
stage of differentiation are different
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molecules

Stromal cell
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Cytokines and cell-cell contacts at each
stage of differentiation are different

Interlkeukin—7+
receptor

Interleukin-r
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Stromal cell

opzsy o hais SliTibearly a> o ,0 .0,k 0939 o1k 4565 e s <ol germ line o 50 4 stem cell al> s

~x/ 5
()
Q%/ 99 g0 gl 89 > 695




D s> Jligoge ol Golol J5Ss

Iarge d.l.'>).o BLE ool dLﬂS‘ LS")T)L’ 9o Iate 4.19-}4’ B el 00l J..a...nJH O DH as ool é) LS")T)L’ Q"'j‘ 9 (J"‘i""“'
Gl 55 S 005 (25 (g 0 ol S 0oy 23l aloye ol po sl onds WIS (S 050285 T3
035 5 2] 45 (BCR) 05 ol iimbacs 1o (gl 05,8 gl Lz il ol Crmngin) LolS5 4t gl Lol sl o0l

.=l pre-B cell receptor

Stages of differentiation in the bone marrow are
defined by Ig gene rearrangement

o0 eeé

B ol STAGE Stem cell Early pro-B Late pro-B Large pre-B
la+ GENE ]
CONFIGURATION  Germiine Dy to Juy Vi 1o Dy ViDraJe
Pre-B cell
receptor
expressed

Ig light chain gene has not yet rearranged

59 5 OnSi 0525 55 (st yegize sl sisen] o jload S oS s LAT BCR) B Jslos s, 05 (1 5L b
2 ol 0 S SO piS Lepre B cell al> o 0 B opngid JolS5 0,50 50 .Lo g W 5 T criomen 3 S 0 0555

8 slo 5 Jgame Lo dadd al> o opl 1o Lol ¢essS o Pre B cell receptor ;1 4y a5 o5 jalb aub s Joko ol mlam
ot 95 ol o Jolos ;0 BCR aiss 4 sl (Jg o) 1) s 022055 05 Jgazmo joi Lol o)l 1) (oS 0,085 00iS
S 0,2 3) SUrrogate light chain 1 4 a5 058 o 0dgs QAT S 0,0y G Al o 0l 40 e sy

255 -0gdae Lo Pre B cell receptor lsic a5 oael Joluw mhaw ;o (K yuzi) JUS )0 a5 04 0 4285 (501>
J 50 B cngad jo a5 pre BCR o5 058 (o0 00l VPreB o )] e axl g col VIY g45 51 G S
S50 )05 oo e Jlag il slo Jshoo s i slo J5Sse 4 35a ,alls pre B cell aloyo yo 5 JolSs
Lol 5 (Gl )V GeSYE L Sligos e b JsSUse (ol Waiine (551 Wiz s (e (a3eidis 390 s o] 4 45T (&5
5438, ot 5 055 0l |, D@ BOR 038 55 rbans 53 sk 551055 Iy aelsl JulS5 5 520 Johoo 4y JUSs 335
Sy eSS aslsl Llgs

Pre-B cell receptor
Hearwy chain

\ RV o T /
Light chain - - - P wprobB
RV M e | a5
Caln -
- - Igoc: & 1B sigrnal
p I I transduction
B molecules

Transiently expressed when WyDhwyJyy O 1s productively rearranged
WpopreB Ao - the surnraogate lhght chain, is reguired for surface expression

Ligand for the pre-B cell receptor may be galectin 1, heparan sulphate, other
pre-BOCR or something as yet unkkronwwm
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Ligation of the pre-B cell receptor

1. Suppresses further H chain rearrangement
2 Trggers entrny into cell cycle

Unconfirmed ligand
of pre-B cell receptor

1. Ensures only one specificty of
Ab expressed per cell

2 Expands only the pre-B
- cells with in frame WiyDgJdy joins

T &

Stromal cell

ALLELIC EXCLUSION

Expression of a gene on one chrnoomosome prevents expression of the
allele on the second chromosome
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Ligation of the pre-B cell receptor triggers
\ / entry into the cell cycle

MMany lamnge pre-B
cells with identical
pre-B receptors

/)’ \ /
Proliferation

Intracellular WDJC,,;, chain Light chain expressed
Wy -ty rearranges Igh displayed on surface

Large
pre-B

Prohferation

stops
Pre-receptor
not displayed
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Acquisition of antigen specificity creates a need
to check Tor recognition of self antigens

Small pre-B cell Immature B cell
MNo antigen receptor at cell surface Cell surface lg expraessed
Unable to sense Ag environment Able to sense Ag environment
IMay be self-reactivell Car? mow be cffecked for sefi-reactnagdy
1. Physical remowval from the repertoire DELETIOMN
2. Paralysis of function ANMERGY
3 Adlteration of specificity RECEPTOR EDITING
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E cell self tolerance: clonal deletion

Small pre-B cell Immature Clonal deletion by
assembles Ig B cell recognises apoptosis
MULTIWVALENT
self Ag
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B cell self tolerance: anergy

- Y T 19D normat IgM low
® & &

Small pre-B o=ll Immature
assaembles Ilg B cell recognisaes

soluble self Ag =
P p— b Aanergic B cell
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Receptor editing

A rearmangement encoding a self spechic receptor can be replaced

v N [ =B c
InNReceptor
recognises
self antigenll
/,/Arrest dewvelopment i
-~ And reactivate - EEEE:::SIS
RA2AAS-1 and RRAG-2 ay
v v o Y c

EFdited receptor now recognises
a different antigen and can be
rechecked for spaecificity
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B cell self tolerance: export of self tolerant B cells

gD and lghd normmal
Igl>
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Mature B cell

Small pre-B cell Immature exported to the
assembles Ig B cell doesn’t periphery
recognise any
salf Ag
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Summary

B cells develop in the foetal liver and adult bone marrow
- Stages of B cell differentiation are defined by lg gene rearrangement
= Pre-B cell receptor ligation is essential for B cell development
= Allelic exclusion is essential to the clonal nature of iMmmumnity

--B cells have several opportunities to rearrange their antigen receptors
(/'- IgM and IgD can be expressed simultaneocuslhy due to differential RMNA splicing

= So far, mostly about B cells in the bone marrow - what about mature peripheral B
cells?

s 50 s 5 S omin |y ol Jo e 9 B cansad elSS Lo sginee Jlad wigSr B considd SO o (o0 Y
) 095 solais!l 5 (ol aSul b s ls i Ll 08 59,5 g agl olad slo il jo 5 098 o0 AU B Eusad
VL S 50 0uiS b3 Sogd oo Jlad wisSz 0 dxlge 395 olatsl o5 T b B Cagiid 45 18y S olulid

; 11
((/ 99 g0 gl 89 > 695




D s> Jligoge ol Golol J5Ss

g o 0old L (266 S5, b Bl (xlaws sl gl igenl a5 w0 1) B lomgdd S b 5l eond SG Lo (Ll D
O <5 vgie olwlis n BCR (pl lawgs a5 o5 6T 51 .0l calises sl BCR gdly 10 0sS oo saslie a5 jghailen
05 55T 950 lolit BOR Lawgs o o5 51 51 Ll 0SS 4y 1ol 1y B gt s 53 Ygans 0l gion
208 om0 |y L B sle congad Wil o () 4 sl atals snigd 1S5 Glo g5 gl g oty s il ¢l 568
09 hend 5 598 SOlo w4l a5 jshailes sl (998 jlaie Sy (5 (BT 4 9 (o AlixDlo (Gl Dl 43) asy S
oigd ),S5 slaasly jaiz ja 5 b 8)ls a9z eind LS5 slo i gl o) (BT lad U8 ,0 LT a8 el ol 5 (5]
o2 4 |y s slo GslS giganl 955 onigd S5 (slaaxly b ()3 (T 0 )ls 6t (S ymw Dpa f (T andl e
Jsbo S0 50 ol duin oo b Loy JS 50 0400 LBCR 0 cross linking ol a4 gl osy el g oS o Jeaio
IS 0 S 20 1y Lo B omsgid al il oS Juog oo 42 1 jglome GBCR ailys 5 (5l sz ol 5 558 YL 5|
2 g aes Jlail mo ]y b i S 51 ol o Slows adls o5 col 558 6,08 @ Lo 05 (5T 1S (0 s ) Ol
3 i omly Ceond 10 B sle Cosid ol Jld 0l S i oo cnlpln daa (5t SiSed GilS (G 05 e
IS5 laanly 05 o alolid Ll sl 00325 5 B gl Comssidd bawgs a5 ()3 (il azye calply Col S0 Ceand g0
LS i 2 5 Sole a4 eaS e gy (Rl Lo B slacesad G o ol g o jad sl 4l (6 enigd
sl 5 695 05 (551 S Iy (I3l Lo (sla Copmgii] el (5la 0038 ey S

VWhat are the external signals that activate B cells?

Fab anti-milg Adthhough Fabh fTragments bind o
meerm brane g nlag), mo signal is
-.- -.- -.- -.- -.- g transduced through the B cell

meenn b rane

(Fab). anti-mig Bridging (or “Cross-linking ) of
- different mig allows the B oell
!.- -.- -.- -.- -.- receptor o transduce a weak sigrnal

= thrnoug the B cell memibraneae

-~

Extensive cross linkKing of (Fab)s
bound to milg using an ant-—JFabys
antibhody enhances the signal
tThrough the B cell membrana

Anti{Fabl
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Ring staining Patching

Ig is evenly distributed Ig is aggregated in

around the cell surface uneven ‘clumps’ as
a result of mild
cross-linking of Ig

Capping

Ig is collected at a pole of the cell
in a ‘cap’ as a result of exensive
cross-linking of Ig

Jslo 099 & i 9in Jog A (colais] 5 (5T & Conl imlaw 15 45 (G BCR LB cogid S o5 Sle
o sobaisl JuSews b sl JUuSs | 05 0l oyl 0l 51145 (JUS s i 00lol s Jlad (612 1) ()T b 0t JLo)
R 31 5l (S0,58 SIS (polaiBlnd Llpgs 5 (eolatsl L) gl JUSow 99 4 ol b sl Cmgddd po)acnss

Jobo 09,0 @ 1y S nl wilsiad o3 cnl by sl SrsS g0l (51 J5Sg0 (i 05085 (somsdly gins 310
lo Juo B (oo gl giganl o jglone o Lo 9S00 (nl 0,80 Dy50 I8 B 5 18 O slo J5SUge bansgs J57 cpl 5 S Jiiie
A5l eage p 1) Jokw (59,0 4 JUKws Jl adlog 5 s jouldg e S 4 Ygene g 3)ls I8

Extracellular amntigem
recognition dormaimns
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The B cell co-recepitor

CDzZ1
(C3d receptor)

‘ T - 0 CD19

CDAaAS
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The B cell co-recepitor
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Co-receptor phosphorylation

C3d opsonised bacterium
L

C3d binds to
cCDz21, the
complement
receptor 2
(CR2Y)

‘\I e
I

Auntigen
recognition

Src family Kinases

then bind the
phosphoryiated
cD19

- mig and CD2Z21 are cross-linked by antigen that has activated complement
- CD21 is phosphorylated and receptor-associated kinases phosphorylate CD19
- Phosphorylated CD 19 activates more Src family Kinases

- Ligation of the co-receptor increases B cell receptor signalling 1000 10,000 fold
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Differentiation in the periphery
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Mature peripheral B cell recognises lg-secreting plasma cell
B cell non-self antigen
N periphery

ol oais pll mature B-lymphocyte g lo oo Lol (o ¢l anslin 5 Joo 50
Plasma cells

Surface Surface High rate Growth Somatic Isotype
Ig MHC 1l Ig secraetion hypermut'n  switch

. High Yes No Yes Yes Yes

Mature B cell

r
Va

o

‘(;’ Low No Yes No No No

Plasma cell
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Recirculating B cells normally pass thirough
Iyvmphoid organs

B cells im
blood

T cell area

B c<ll
area

E=fferaent
Iy
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Recirculating B cells are trapped by Toreign
antigens in lymphoid organs
B cells leave blood &

enter lymph node wvia
high endothelial venules

B cells
proliferate
rapidly

Antigen enters
node in afferent
27 lymphatic

*1:, Germinal centre
¥ releases B cells
that differentiate

into plasma cells

GERMIMNAL CENTRE
Transient structure of
Intense proliferation
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Uptake of Antigen by B cells

; Anti- g B cell
loccosomes bearing

different antigens

Surface lg captures antigen CD40
Cross-linking of antigen receptor activates B cell
Activated B cell expresses 40
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Fate of Antigens Internalised by B cells

1. Capture by antigen
specific lg maximises
uptake of a single antigen

2. Binding and intermalisation wvia
Alg induces expression
of CD40

3 Auntigen enters exogenous anfigen
processing pathway

4. Peptide fragments of antigen are lcadad
onto MIHC molecules intraceliulariy.
MNMHC/peptide complexes are
expresseaed at the cell surface
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T cell help to B cells

Signal 2 - T cell help

1. T cell antigen receptor ﬁ

_ —| |
Signal 1 2 Co-receptor (DAY
antigen & antigen 3 CD40 Ligand ’
receptor
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T cell help - Signal 2

Cytokines
-4
IL-5
IL-s
IFMN-—y
TGF-B

Cytokines

-~ Signal 1

B cells are inherently prone to die by apoptosis
Signal 1 & 2 upregulate Bol-2> in the B cell and
Bcl >, prevents apoptosis

Signal 1 & 2 thus allow the B cell to survive

T cells regulate the survival of B cells and thus
control the clonal selection of B cells
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Control of Affinity & Affinity Maturation

L1TEE

Oy this cell, that has a high affinity for antigen can express CLxA0
Only this cell can receive signal 2
Only this cell is rescuaed from apoptosis i.e. clonally selected

Five B cell antigen
receptors —

all specific

for & but with
dlfferent affiimnities
due to somatic

ggerrnutatlon
of I)g genes in

/he germinal centre

The cells with lower affinity receptors die of apoptosis by neglect
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Role of T cell cytokines in T cell help

Signal 2
Cytokines
= P ol
IL-s
1L-s ‘
IF N =y ‘.'
TGSGF-B
> Proliferation & Differentiaticon
lghi g3 1lg<s1 1g9G2b lga2a laEeE [ LN
4 imnhibits Imhibits INnduces imhibits INnduces
IL-5 augments
1P —y imhibits Induces inhibits Induces inhibits
T SF-B imhibits inhibits induces induces

Ly (b33 B g (Y3) T slo cngiatd o (6, K0m a5 ol ol a8 5 il j9l8gigan] C9Sng S b ) g

sl 6y9r8 (55 5 4050 5 Comshi 53 nl e B Jlsese (siosl Geoly sl e (o LS

Oy a5 (Lo L)1) TCR2 4 (Lo (L8 sl Jsko) TCRT (sla Joku ol o mls Lol 03,y 90 T (slo csgaid 5,50 40
.B2 B cells ,B1 B cells sl 4y o310 Lol 05, 90 o2 B slo crwgiai) 0550 j0.00um TCR2 g4 5l aiinn oy 0 a5 Slo
2 CD5 5k aS siwn ola Joko Bl B cells .wog B2 B cells 0,5 oo la T o)Ly 0656 a5 slo Cogad
ST IS .55 ol ST adg Glp T sla Joko S8 @ 5o g aiiwn 5 adgl LolSS Llod 4y asecs jo sl Ll o
I g 3las 5 Lok )0 w8 5 G g Sl IBM g5 5] i aiST (oo adg oS (sl sl

Two B cell lineages

B cell precursor MMature B cell Plasma cell

o e i“’ B2 B cells
E A.
X .
K- é—»& T
Primitive’ B cells found in

Distinct B cell pleura and pentomneouarm
P recursor

somatic hypermutation= affinity ).aeuaw ;Lis 1, B2 B cells 4 B1 B cells sl wgles ony amio Jgox

(maturation
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Comparison of BE-1 and B-2 B cell properties

Property

N regions

W oregion repertoire
Location

Renewal

Spontaneous Ig production
Isotypes

Carbohydrate specificity
Protein specificity

MNeed T cell help

Somatic hvpermutation of lg
Memory development

5-1 cons  IEEEENEIN
Few
Restricted
Pentoneumypleura
Self renewal in situ

High
Ighi
es Rarely
Rarely es
MNo Yeaes
Mo
No
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microbes
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Complement —
~

@ Neutralization
ja= of microbes
and toxins

Phagocyte
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Opsonization and
Phagocytosis
of microbes

High-affinity
FceRl1

Antibody-
cytotoxicity

ldependent cellular

= gx“ﬁ’, l Lysis of microbes l
.

Phagocytosis of
microbes opsonized

- M@ with complement
c3b fragments (e.g., C3b)
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Table 1T4-1. Functions of Antibody Isotypes

Antibody Isotype-specific
isotope effector functions

1gG Opsonization of antigens for phagocytosis |
by macrophages and neutrophils |

|

Activation of the classical pathway ;

of complement

Antibody-dependent cell-mediated
cytotoxicity mediated by natural killer
cells and macrophages

Neonatal immunity: transfer of maternal
antibody across the placenta and gut

Feedback inhibition of B cell activation

_! IgM Activatio; of the Vclassical bathway of
| complement

| Antigen receptor of naive
B lymphocytes™
IgA Mucosal immunity: secretion of IgA into i

the lumens of the gastrointestinal and
respiratory tracts

e e S — |

IgE I Antibody—depéndent cell-mediated , |
cytotoxicity involving eosinophils !

Mast cell degranulation (immediate i
hypersensitivity reactions) |

E Igb 7Ar;tigen> recébtor 6f ’nai\ile B iyi’npﬁocyteié.* |

*These functions are mediated by membrane-bound and not
secreted antibodies.
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Immune effector mechanisms against
extracellular pathogens & toxins
NEUTRALISATIOMN

Toxxirm

_ L ]
A‘:te"um \?—
Toxin relaease

Adhesion to
host cells blocked locked

l

Prevents
iNnvasion

NEUTRALISING ANTIBODIES

Prevents
Toxicity
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Effector mechanisms against
extracellular pathogens
OPSONMNISATION

Bacteria in extracellular space
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Effector mechanisms against extraceillular pathogens
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Bacteria in plasma
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e Figure 144 Antibody-depent
@ Surface 19G Low-affinity mgedlated cytotoxlclty.y 3
antigen / FcyRll A. Antibodies of certain IgG sul
\(\ to cells (e.g., infected cells), and
Py o of the bound antibodies are reco
== L == Fcy receptor on NK cells. The NK
P activated and kill the antibody-coat
Antibody- '( NK cell Presumably, NK cells can lyse
coated cell Killing of MHC-expressing targets when

- & cells are opsonized because the e
antlbOdy coated cell mediated stimulation may ovel

inhibitory actions of class | MHC.

@ Eosinophil NK cell inhibitory receptors (see Ch
5 IgE B. IgE antibodies bind to helmi
faka e sites, and the Fc regions of the b
)K Hé%"lnammty bodies are recognized by Fce rec
o7 P eosinophils. The eosinophils are activa
— e Q : release their granule contents, which
> ad parasites.
Helminth T =
[Killing of helminth
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