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B-cell Response and Activation

e B-cells response process:
» Antigen Capture and Delivery to B Cells

» Migration and Search for Antigen:

v Mature B lymphocytes continuously migrate between secondary lymphoid organs in search of
antigens. Most of them enter lymphoid follicles guided by the chemokine CXCL13, secreted by
follicular dendritic cells. These B cells, known as follicular B cells or recirculating B cells,
express the CXCRS5 receptor, which binds CXCL13 and directs them into the follicles.

» Survival of Naive B Cells:
v Naive follicular B cells survive for limited periods unless they encounter an antigen. Their
survival is dependent on signals from their B-cell receptor (BCR) and a cytokine called BAFF
(B-cell activating factor), which provides additional maturation and survival signals.

» Antigen Delivery:

v" Soluble Antigens: Small antigens (less than 70 kD) reach B cells via conduits that extend
between the subcapsular sinus and the follicle.

v~ Macrophages: In the subcapsular sinus, macrophages capture large pathogens and antigen-
antibody complexes and transport them to the follicles.

v" Dendritic Cells: Medium-sized antigens are captured by dendritic cells in the medullary region
and transported into the follicles.

v Marginal Zone B Cells: These cells are particularly adept at transferring immune complex—
containing antigens to follicular B cells, where they can activate the B cells.

e Activation of B Cells
» Antigen Recognition: Naive B cells express membrane IgiV and IgD as antigen receptors, which
have short cytoplasmic tails. The BCR complex is formed when /g« and /¢/ associate with the
membrane g, which helps transduce signals.

» Signal Transduction: Upon antigen binding, the BCR complex delivers signals that initiate B cell
activation. The antigen is internalized into endosomes, where if it is a protein, it is processed into
peptides that can be presented on the cell surface for recognition by helper T cells.

» Co-stimulation for Full Activation: To fully activate, B cells need additional signals from
complement proteins, pattern recognition receptors, and helper T cells.

e Functional Responses of B Cells

» Activation Changes: Cross-linking of BCRs by antigens activates B cells, causing them to enter the
G1 phase of the cell cycle. This is accompanied by increased cell size, RNA production, and
biosynthetic activity.

» Anti-apoptotic Signals: Activation increases the production of Bcl-2, an anti-apoptotic protein that
enhances cell survival. This promotes B cell proliferation and antibody secretion.

» Response to Antigens: Responses to different antigens vary:

v T-independent Antigens: These antigens, like polysaccharides, have many identical epitopes,
which allow them to cross-link multiple BCRs and initiate activation without requiring T-cell
help.

v' T-dependent Antigens: Protein antigens require interaction with helper T cells for full activation.
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» Clonal Expansion: Activated B cells proliferate rapidly, leading to the production of memory B cells
and plasma cells, which secrete large quantities of antibodies.

e B Cell Subsets

» Follicular B Cells: These are the most common mature B cells that produce IgM and IgD. They
recirculate between lymphoid organs and reside in B-cell follicles.

» B-1 Cells: These cells are derived from fetal liver hematopoietic stem cells (HSCs) and produce IgM
antibodies that react with microbial polysaccharides and lipids. B-1 cells provide rapid antibody
responses in specific tissues like the peritoneum and mucosal sites.

» Marginal Zone B Cells: Located in the marginal sinus of the spleen, these cells are similar to B-1
cells and are specialized in responding to polysaccharide antigens.

e Helper T Cell-Dependent Antibody Responses to Protein Antigens

» Antigen Processing and Presentation: For protein antigens, B cells recognize and process the
antigen, presenting it as a peptide on class || MHC molecules to helper T cells. The interaction
between B cells and T cells is crucial for strong antibody responses.

» Cooperation Between B and T Cells: The frequency of B cells and T cells specific to a given antigen
epitope is very low, so both populations must be activated, and the cells must find each other for
effective activation.

» Helper T Cells Activation: Antigen-presenting dendritic cells activate helper T cells by presenting
antigenic peptides, which then migrate toward the follicles. Activated helper T cells express CD40L
and cytokines that promote the interaction with B cells at the follicle boundary.

» Germinal Center Formation: Activated B cells, along with helper T cells, migrate into the follicles,
forming germinal centers where B cells undergo isotype switching, somatic mutation, and affinity
maturation. This process produces high-affinity antibodies, memory B cells, and long-lived plasma
cells.

» T Helper Cells: Some activated helper T cells differentiate into T follicular helper cells (Tfh),
providing further support for B cell activation and antibody production.

e Hapten-Carrier Effect

» Hapten-Carrier Effect: Haptens are small molecules that cannot trigger an immune response alone.
However, when coupled to a carrier protein, they can induce an immune response against the
hapten.

» Conjugate Vaccines: This principle is used in conjugate vaccines, where polysaccharide antigens
are conjugated to proteins to enhance immune responses, especially in the case of encapsulated
bacteria like Haemophilus influenzae or Streptococcus pneumoniae.

In summary, B-cell activation and response to antigens involve complex interactions between B cells, T
cells, and other immune components. The process is highly regulated to ensure effective immune protection,
including the generation of antibodies and memory cells, as well as adaptation to different types of antigens,
such as proteins and polysaccharides.
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