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Humoral Immune Response



Humoral Immune Response

Activation of B Lymphocytes and
Antibody Production



...... we know that humoral immunity...

...involves the action of B lymphocytes and antibodies
in acquired immunity...

...is effective in protection against extracellular
microorganisms and their toxins.

...is more important than cellular immunity in defense against
microorganisms that possess polysaccharide and lipid-rich
capsules.



...... we also know that B lymphocytes...

...recognize macromolecules (proteins, lipids, polysaccharides,
lipopolysaccharides, nucleic acids), as well as small
molecules in solution or on the surface of particulate
antigens.

..while T lymphocytes mainly respond to portions of protein
antigens and do not participate in the response to other

antigens.



Today, we need to answer two questions.

1. How do naive B lymphocytes get activated and
become antibody-secreting cells?

2. How is it ensured that the response to different types
of microorganisms results in the production of the
most suitable classes of antibodies?



... We have learned...
...that receptors on naive B lymphocytes are IgM and IgD.

...that naive B lg{mphocytes get activated by an antigen (FIRST
SIGNAL) and another signal.

..resulting in the proliferation and differentiation of B
lymphocytes specific to the antigen (clonal expansion).

..this process gives rise to effector B lymphocytes — plasma cells
(10,000 plasma cells, i.e., 1012 antibody molecules per day).

..which is important due to the speed at which microorganisms
replicate..



...we should know by now...

...if a B lymphocyte responds to protein antigens, during its differentiation,
some effector cells begin to produce antibodies of different classes (class
switching), while maintaining the same specificity.

...these antibodies have the same specificity but different effector functions
because different Fc portions of Ig bind to different receptors on cells.

..which enables specialization for combating various microorganisms.
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...we should know by now...
repetitio mater studiorum est

...due to repeated exposures to the same protein antigen,

antibodies with increasing affinity for that antigen are formed
— AFFINITY MATURATION.



Phases and Types of Humoral Immune Response
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Humoral response to T-
dependent antigens:

PROTEINS

Antibody class switching
Affinity maturation of
antibodies
Formation of memory B
cells

Humoral response to T-
independent antigens:

NOT PROTEINS

No or weak antibody class
switching
No or weak affinity
maturation of antibodies
Mostly no memory B cells

NO SECONDARY
RESPONSE
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Subpopulations of B lymphocytes
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Humoral response to (T-dependent) antigens...

...begins in lymphoid tissue when a B lymphocyte
recognizes the NATIVE antigen.

http://www.youtube.com/watch?v=hQmaPwPOKRI



http://www.youtube.com/watch?v=hQmaPwP0KRI

Stimulation of B lymphocytes by antigen.

Antigens of microorganisms are transported from the
lymphoid tissue or via the blood and concentrate in the
follicles and marginal zones of peripheral lymph organs...

...where they are recognized by antigen-specific B
lymphocytes...

...initiating signal pathways or cell activation...

In response to both protein and non-protein antigens,
lymphocyte activation requires additional (secondary)
signals.



The antigen induces the activation of B lymphocytes by clustering

their receptors with its determinants, initiating signal
transduction towards the nucleus.
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The role of C3d in the activation of B lymphocytes.
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PROLIFERATION and DIFFERENTIATION of B lymphocytes
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Order of events in T-
dependent humoral
immune response
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Interaction of CD4+ Th and B lymphocytes in response to protein (T-
dependent) antigens

1. CD4 T lymphocytes are activated in the paracortex in contact with
dendritic cells; B lymphocytes are activated in the follicles.

2. T and B lymphocytes interact outside the follicles (CD40:CD40L
interaction).

3. Extrafollicular foci; B lymphocytes differentiate into plasma cells and
produce a smaller quantity of antibodies (limited isotype switching may
occur), and some T lymphocytes differentiate into follicular helper T cells
(Tth).
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4. Activated B lymphocytes and Tfh migrate to the follicle, where after
their interaction, germinal centers form (sites of intense B
lymphocyte proliferation, class switching, somatic mutations, and
affinity maturation, as well as the generation of memory B
lymphocytes and the development of long-lived plasma cells.
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Effector CD4+ T lymphocytes lose the expression of
CCRY7...

...most of them migrate to the site of antigen entry...

...while a smaller number migrate towards B
lymphocytes, near the edges of lymph follicles.



Initial Activation of T and B Lymphocytes

Directed migration of activated B and T lymphocytes towards each other
depends on changes in the expression of specific chemokine receptors.
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**T lymphocytes: expression of CD40L, CXCR5, reduced expression of CCR7.**

**B lymphocytes: increased expression of CCR7, decreased CXCR5; increased expression of CD69
(preventing exit from the lymph node); promoting all B lymphocyte functions crucial for the
antigen presentation process.™



B lymphocyte presents peptides to CD4+Th lymphocytes
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CD4+Th lymphocytes, through costimulators and cytokines,
ADDITIONALLY ACTIVATE B lymphocytes...

...by expressing CD40L
...and by secreting cytokines
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For many events that occur in a fully developed humoral immune
response, the participation of specialized helper T lymphocytes is

necessary.

Activation of B cells
and migration
into germinal center

Somatic mutation
and affinity
maturation;

isotype switching

|

Exit of high-affinity
antibody-secreting cells,
and memory B cells




Follicular helper T lymphocytes

Some of the activated helper T lymphocytes, after interacting
with B lymphocytes, differentiate into follicular helper T
lymphocytes (Tth), which express a high level of the chemokine
receptor CXCRS guiding them to lymph follicles.

Tth can develop from undifferentiated cells, as well as from Th1,
Th2, or Th17 lymphocytes.

The interaction of ICOS on CD4+ T lymphocytes with the ICOS
ligand on B lymphocytes is crucial for the formation of Tth.

Tth lymphocytes produce IL-21, which is important for antibody
production.

Tth can secrete IFNYy, IL-4, and IL-17, directing the isotype
switch.




CD4+Th induces CLASS SWITCHING of antibodies synthesized by
B lymphocytes.
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AFFINITY MATURATION of antibodies...

...1s a process by which the affinity of antibodies produced in
response to protein antigens increases upon repeated or
prolonged exposure to the same antigen.

...1s therefore crucial for persistent and recurrent infections.

...at the core of this process is the selection of somatic point
mutations in the genes for CDR regions.

Mutations in these regions depend on Th lymphocytes, and
the selection of desirable mutations is performed by FDC.
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The mentioned enzyme AID, in
addition to enabling class switching,
also alters nucleotides at the site of
the new junction.

The frequency of these mutations is
1000 times higher for these genes
than for any other (somatic
hypermutations).

This is how B cell clones with
receptors of different affinities arise.

B lymphocytes in the germinal
center are highly prone to apoptosis.
Recognition of the antigen and/or
signals from Th cells can protect
them from apoptosis.
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Humoral response to T-independent antigens:

We know that...

... T'lymphocytes do not participate in the response to
these antigens because they only recognize peptides.

... T-independent antigens include polysaccharides,
lipids, lipopolysaccharides, nucleic acids...

... Many bacteria possess these antigens in their cell
walls, and antibodies against them play a crucial role in
defense by facilitating phagocytosis and activating the
complement.



Thymus-independent antigen
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Regulation of the humoral immune response by antibodies
(feedback regulation by antibodies)
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