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Adaptive Immunity (Humoral Immunity)
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Adaptive Immunity — Humoral and Cellular Immunity

* There are two main mechanisms of immunity within the adaptive immune

system —humoral and cellular. .
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* Humoral immunity is also called antibody-mediated immunity. With
assistance from helper T cells, B cells will differentiate into plasma B cells
that can produce antibodies against a specific antigen. The humoral immune
system deals with antigens from pathogens that are freely circulating, or
outside the infected cells. Antibodies produced by the B cells will bind to
antigens, neutralizing them, or causing lysis (dissolution or destruction of
cells by a lysin) or phagocytosis.
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e Cellular immunity occurs Iinside infected cells and is mediated by T
lymphocytes. The pathogen's antigens are expressed on the cell surface or on an
antigen-presenting cell. Helper T cells release cytokines that help activated T cells
bind to the infected cells’ MHC-antigen complex and differentiate the T cell
into a cytotoxic T cell. The infected cell then undergoes lysis.
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Humoral immunity
* Humoral immunity IS named so because it involves substances
found in the humors, or body fluids.

e Arise and mature in the red bone marrow (RBCs)

* Found primarily in the spleen, lymph nodes, and Mucosa-Associated
Lymphoid Tissue (MALT).
* Small percentage of B cells circulates in the blood
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* Major function is the secretion of antibodies —  mediated immunity

* Humoral immunity helps cellular immunity to perform action through
interaction of T helper cells with B cells pathogensdi 152 o) helper T cell g ¢ saills el

* |s the arm of adaptive immunity in killing extracellular microbes and
microbial toxins (Outside the cell)

e Important in defending against microbes with capsule
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B Cells Maturation & <= maturationd) &e: 1< (<! bone marrowds L

mature B cellJu
* B cells matures in bone marrow independent of antigen, then continue
to maturatein peripheral lymphoid organs with the presence of

antigen ; _
& o= S bone marrowde lax maturationd Sa*

* Three main steps of B cells maturation: oSl antigend! 2 s e e Lo 4 oy
peripheral lymphoid Jb < maturationd!
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B Cell Development

* Immature B cells are produced in the bone marrow of most mammals. Their
development occurs through several stages, each representing a change in the
genome content at the antibody loci. An antibody is composed of two identical light
(L) and two identical heavy (H) chains, and the genes specifying them are found in
the V (variablef region and C (constant) region. The heavy-chain V region has -
segments, and §. These segments recombine randomly in a process called VD)
recombination to produce a unique variable domain in the immunoglobulin of each

individual B cell. VDJ recombinatipn Las! ‘ulw Reqombination randomly maturationd) Ja ael yuas
(= immunoglobulin S unique variable domain Lulasy s
Ig J) (e Adlisa g 53l L) e acluy ala s individual B cell Js
e Similar rearrangements occur for the light-chain V region but with only two
segments involved: V_and J. When the B cell fails in any step of the maturation
process, it will die by apoptosis, here called clonal deletion. This is a form of positive
selection. B cells are also tested for autoreactivity through negative selection. If
these B cells have high affinity for binding to self-antigens, they will die by clonal
deletion or another pathway such as anergy.
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B-1 B cells oxsuwBceld glsi sl
memory cells
B1 cells are a sub-class of B cell lymphocytes that are
involved in the humoral immune response

“Innate-like” subset of B cells.

Appear during fetal life and express IgM but little IgD and
display CD5. Are also found in peritoneum.

Originates from stem cell in bone marrow, but also from
proliferation of B-1 cells outside the BM.

Responds poorly to protein antigen, but strongly to
carbohydrate antigens.

Antibodies produced are of low affinity.
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(B-2 B cells)
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Response to protein antigens
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Surface IgD on mature B cells
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Figure 11-5
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B cells Clonal Selection 08 I 3l em 3

Clonal selection is a theory stating that B cells express antigen-specific
receptors before antigens are ever encountered in the body. After B cell
activation, the B cells clone themselves through clonal expansion, but during
each cellular division, random mutations occur that gradually increase the
binding affinity for B cell-produced antibodies to antigens.

For example, memory B cells that differentiate after an adaptive immune
response are thought to undergo clonal selection so that antibodies
produced by newer memory B cells have considerably higher binding
affinities to their antigens. This theory may explain why secondary immune
responses from memory cells are so effective that repeated infections by the
same pathogen are stopped before symptoms even develop. Following the
initial infection, random mutations during clonal selection could produce
memory B cells that can more easily bind to antigens than can the original B
cells.



B cells Clonal Selection

Self-reactive B cells are eliminated in bone marrow (BM).

BM produces 5 x 107 B cells/day, but only 5 x 10° B cells/day or 10% actually
enter the circulation. |

Some of this loss is due to negative selection and elimination or clonal
deletion of immature B cells expressing autoantibodies to self-antigens.

“Cross-linking” of IgM by self Ag may lead to cell death or anergy

The clones of lymphocytes that can be interacted with corresponding Ag will be
selected and lead to activation, proliferation, produce Ab and specific

memory cells.
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Stages of B cells Activation

* B cells development involve three main stages

1.
2.

B cells recognition and binding— _+=:s antigendle =% ) Js) b B cellJ
: L : : Lol )
B cells undergo Ag-induced activation, proliferation and 7

differentiation in the periphery  (LiaVU) LW ua 7 antigendl cabas ) L ae

Activated B cells give rise to Ab-secreting plasma cells and
memory cells

Effector B cells start to function

Shut down of immune response



1. Antigen Recognition

expresion dexi: Ji (= antigend <ua i L

* Naive B lymphocyte twédéi%)ress membrane bond antibodies 1gM and IgD
that function as antigen receptors (B cells receptors — BCR)

* Protein antigen only processed by APCs and recognized by helper T cells that

play important role in B cells activation this is refeW dependent B
cell activation Te Saiwhelper T cellsde i

* Non protein antigen including lipids and polysaccharides activate B cells

directly without involvement of helper T cells (T-independent activation). B
cells in return can activate T helper cells

O B cellsd! activation Jex: (directly) 4e s s

(T dependent activation) 4= S~ Helper T cellsd!
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. cellular immunitydu W5 < i35 helper T cellsd!
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2. B Cell Activation and Signhaling

Antigen induce clustering (cross linking-
or bring together ) of membrane Ig
receptors. Ig clustering occurs when
antigen molecules forms aggregates or
antigen have repeate epitopes
molecules

lg clustering induce signaling through

lga and IgB proteins in the B cell
receptor complex

Furthermore, microbes can activates
complement system including C3 to
form C3d. C3d can directly bind to B
cells throuEh CR2 and other receptors
which ance cells activation
(second signal)

Later on signal from Ig and CR2
activates many biochemicals and
enzymes that ends by formation of
different transcription factors

B cell receptor complex

Microbial
antigen
C3d bound to
microhe

CR2

B cell co-receptor complex



3. Clonal Expansion, proliferation and differentiation
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4. Antibodies Production (Affinity Maturation and
isotype switching)

» Activated B cells start to produce different classes of antibodies in large
amount to eliminate infection

* Antigen stimulates B cells which may differentiate into IgM producing
antibodies, however, later on, under the influence of CD40L and cytokines, B
cells can differentiates into cells producing other classes of heavy chain

antibodies (antibody switching) st DAL J a5 differentiation el wa: B celld) 15l s
other heavy chain Abs

* Repeated exposure to antigen leads to increase the binding abilities of
antibodies through affinity maturation, where high affinity B cells are selected
to produce antibodies abJ Ly affinityd) s:b o
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5. Effector Mechanisms

* Neutralization aa

* Opsonization

* Complement activation

* Antibody dependent cell mediated toxicity (ADCC)
* Transcytosis- movement across epithelial cells
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Antibody-dependent X
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6. Humoral immunity shut down and formation of
memory B cells

 After antibodies are capable of killing invading microorganisms, most of
activated B cells die by programmed cell death (apoptosis)

* Furthermore, circulating IgG antibodies that binds to antigen in periphery
induce negative feedback mechanism to inhibit further antibody production

* Memory B cells are formed and stay for long time to facilitate faster antibodies
production when the body is exposed to same antigen next time
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. LA NER Comparison of naive and memory B cells
Cua y2n L
N -
Y s <« Property Naive B cell Memory B cell P> kel i 453
: Caa y2t La 2y
antlgend Membrane markers JM .
Immunoglobulin IgM, IgD IgM, IgD(?), 19G, IgA, IgE antigen dJ
Complement receptor Low High ———» |g DJ Jae L J
Anatomic location Spleen Bone marrow, lymph node, spleen
Life span Short-lived May be long-lived
Recirculation Yes Yes
. Receptor affinity Lower average affinity Higher average affinity due to affinity maturation”
4 4 Adhesion molecules Low ICAM-1 High ICAM-1
= 'Afﬂnity maturation results from somatic mutation during proliferation of centroblasts and subsequent antigen selection of cen-
trocytes bearing high-affinity mig.
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Active and Passive Immunity s len st

Microbial Specificity Memory

antigen < - - = :
. Challenge

(vaccine / infection

or mfectlon)

—— % . ( £3 < Yes Yes
Active | Daysor | | i ' '

| (X Recovery
|mmun|ty | | weeks | | );\\ (immunity)
Serum (antibodies)
from immune animal "*’ / Infection
‘p\\ » |
Passive % Induvndual | }/: | £ Yes No
immunity | Y adoptive transfer | | \.‘\\ "Recovery
: ; #= 1o naive animal ﬁ (immunity)
V' q ‘ | ‘ # ¢ » 7T

Active immunity: long-lasting protection (memory),
multiple effector mechanisms activated, lag time
Passive immunity: rapid protection, short duration



