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B cells - ontogenesis and immune memory development
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Review

Abstract. Functional diversity in the distinct developmental stages as well as anti-pathogen effec-
tiveness and memory functionality make B cells unique and attractive object of physiology studies
of the immune system. B cells are produced throughout the life of an organism, originate from the
hematopoietic stem cells before birth and continue to differentiate to terminal stages. Over the past
decade, there has been considerable progress in the research of all B cell intermediates and devel-
opmental processes. In this review, we will try to bring brief and comprehensive description of the
current understanding of this fascinating topic.
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complex; pre-B cell, precursor B cell; pro-B cell, progenitor B cell; SHM, somatic hypermutation;
TACI, transmembrane activator and calcium-modulator and cyclophilin ligand interactor; TD,
thymus-dependent; T1, thymus-independent; TLR, Toll-like receptor; TNF, tumor necrosis factor.

Introduction

B cells mediate the specific immune response and after in-
teraction with an antigen, they differentiate to plasma cells
producing high quantity of specific antibodies. Memory
B cells play a decisive role in mediating long-term protec-
tion against a wide variety of infectious diseases. They also
mediate or regulate many other functions essential for im-
mune homeostasis. B cells development can be divided into
two parts: a phase of antigen independency and a phase
dependent on antigen presence. The first phase is limited
to the bone marrow, where precursor B cells develop with
the help of stromal cells into the immature B cell stage. The
final stages of development of immature B cells into mature
B cells occur in peripheral lymphoid organs such as spleen.
When B cell encounters and recognizes an antigen by the
specific receptor, it starts to proliferate and differentiate to
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plasma or memory cell. This differentiation process is fully
dependent on the antigen presence.

B cell maturation

In an organism, the B cells appear for the first time at the
embryonic stage and they maturate in the yolk sack, later
in liver, and finally in bone marrow, which is the main site
of maturation after the birth of an individual. Hematopoi-
etic stem cells that have potential to generate all blood-cell
lineages become restricted to the B lymphocyte lineage.
Maturation of the B cells starts, when the lymphoid stem
cell differentiates to the first B cell stage — a progenitor B cell
(pro-B cell). The pro-B cells proliferate and differentiate to
precursor B cells (pre-B cells). Interactions between pre-B
cells and stromal cells are required for the development to
the immature B cells. Stromal cells form specific adhesive
contacts with the developing B-lineage cells by interac-
tions between cell-adhesion molecules and their ligands.
In addition, they provide growth factors that stimulate
lymphocyte differentiation and proliferation. Immature


mailto:chemnesc@savba.sk

Nescakova and Bystricky

B cells undergo selection for self-tolerance and ability to
survive in the peripheral lymphoid tissues. The cells that
survived continuously circulate among all lymphoid tissues
with lymph and blood. At this stage, they become mature
B cells and therefore they are called naive B cells. Generally,
the differentiation comprises of six stages: early lymphoid
stem stage, early pro-B, late pro-B, pre-B, immature B and
mature B cell stage. The most characteristic feature of B cell
maturation is immunoglobulin gene segment-rearrange-
ment and expression of cell-surface proteins (LeBien 2000;
Janeway et al. 2001; Carsetti et al. 2004; Hardy et al. 2007;
LeBien and Tedder 2008).

B lymphocytes activation and proliferation

Mature and fully functional B cells (effectors cells) leave
the bone marrow and migrate with the help of lymph and
blood to the sites with the highest probability to encounter
an antigen, e.g., to the peripheral lymphoid organs. When
B cell with a specific receptor encounters responsive antigen,
it activates and starts to proliferate and differentiate to the
plasma and memory cell. This process of activation is in-
fluenced by the antigen character, cytokines presence, and
signal translations. However, if the B cell does not encounter
a suitable antigen, it is overcome by the apoptosis.

Resting B lymphocytes are driven into the cell cycle as
a consequence of receiving a multiple signals from environ-
ment. The signals induce B cell transition from Gy to G,
phase of the cell cycle and are called competence signals.
This induces B cell responsiveness to progression factors.
The signals that shift the cells further from G phase to the
S phase are called progression signals and are set by the
synthesis of lymphokines.

B cell must receive at least two signals for its activation.
Thymus-independent (TI) antigens (Ag), which have many
microbial constituents, activate B cells and can induce anti-
body production in the absence of helper T-cells. The first
signal required for B cell activation is delivered through its
antigen receptor (BCR). The second signal required to activate
antibody production is provided either directly by recognition
of a common microbial constituent or by a non-thymus de-
rived accessory cells in conjunction with massive cross-linking
of B cell receptors. In contrast, when thymus-dependent (TD)
antigens interact with BCR, only weak competence signal is
produced and the next competence signal required is provided
by the interaction of CD40 with B cells and its ligand CD40L
expressed on the activated cognate Th-lymphocytes. After the
activation by both signals, the B lymphocytes express receptors
for the lymphokines. The binding of lymphokines represents
second progression signal for B cells.

After the interaction of naive B lymphocyte with an anti-
gen and other cells in the lymphatic tissue (Th-lymphocytes,

macrophages, dendritic cells, etc.), the B cells can mature
further via two pathways: 1) by moving into extra follicular
areas followed by proliferation and terminal differentiation
into short-lived plasma cells while secreting antibodies,
which provide the first wave of defense against invading
pathogens; 2) by migrating towards the primary follicle (cells
aggregate in the secondary lymphatic organs) followed by
proliferation and formation of the germinal center (GC).
The mechanisms responsible for this fatal decision may be
the high affinity of BCR for the foreign antigen, the rate of
antigen-receptor engagement and co-stimulatory signals
received from T-cells. The germinal center is a result of active
B cells proliferation and appears around 1-3 weeks after the
TD antigen attacks to the organism. It is the site of robust
proliferation and differentiation of B lymphocytes. Prolifer-
ating B lymphocytes that lack surface immunoglobulin (Ig)
are called centroblasts. These cells migrate to the particular
extremity of the center, stay put tightly and create so-called
dark zone. Large centroblasts exit the cell cycle, re-express
Ig surface and change to small centrocytes that migrate to
the basal light zone, which is rich of follicular dendritic
cells (FDCs) and antigen specific Th-lymphocytes. The
centrocytes that do not recognize the specific antigen die by
apoptosis. Surviving centrocytes enter the apical light zone,
where they present antigen on their class II MHC (major
histocompability complex) to the Th-cells. B cells compete
for binding antigen on FDCs and then depend on receiving
signals from Th-lymphocytes to survive and differentiate into
plasma or memory cells (Noelle and Snow 1991; Janeway et
al. 2001; McHeyzer-Williams 2003; McHeyzer-Williams and
McHeyzer-Williams 2005; Wang and Carter 2005; Wood
2006; Allen et al. 2007).

Differentiation of B lymphocytes

Within germinal center, several molecular processes
take place, which are necessary for differentiation of B lym-
phocytes and also for the evolution of long-lived immunity:
the affinity maturation of the antibody, antibody class switch
recombination, and differentiation of B cells into plasma
and memory cells.

An affinity is the thermodynamic parameter that is
quantified by the strength of antibody - antigen bond. The
affinity maturation is extremely effective, that means that
affinity progressively increases and may result in a 100- to
100 000-fold increase of its initial value. Affinity maturation
reflects the process of somatic hypermutation (SHM) of Ig
genes and the subsequent selection of resulting high-affinity
B cells that occur in the germinal center. The V, D, and ] genes
for immunoglobulin chains rearrange and consequently, the
main mutation occurs in the hypervariable regions. The point
mutations, deletions, and insertions continue with much
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Figure 1. Mature B cells become activated in secondary lymphoid tissue after interaction with Ag. This process gives rise to the generation
of plasma cells and the generation of long-lived memory B cells. Ag-specific naive B cells can differentiate within secondary lymphoid
tissue into short-lived low-affinity antibody secreting plasma cells or undergo a rapid proliferative phase known as the germinal center
reaction (a TD phase in which SHM and CSR occur). A small fraction of these B cells survives the reaction and proceeds to form either
memory B cells or high-affinity antibody secreting plasma cells. When memory B cells are re-activated by specific Ag, they quickly re-
spond to cognate Ag, proliferate and differentiate into the long-lived high-affinity antibody producing plasma cells. This process is less
complicated, more rapid and more robust. Ag, antigen; CSR, antibody class switch recombination; IL-7, interleukin 7 (hematopoietic
growth factor); IL-7R, receptor pre IL-7; pre-B, precursor B cell; pro-B, progenitor B cell; SHM, somatic hypermutation; VCAM, vascular

cell adhesion molecule; VLA-4, very late antigen 4.

higher mutation speed than the regular cells. Some cells can
accumulate up to 20 mutations in their Ig genes. However,
this random process generates not only high affinity cells. All
cells undergo positive high-affinity cloned selection in the
light zone of germinal center. The low-affinity centrocytes
die by apoptosis and the selected cells expressing mutated
Ig genes that code for higher affinity Ig surface competes
more successfully for antigen go on to develop as effectors
and memory cells. The high-affinity cells clonally expand
and affinity of the antibodies progressively increases with
the time passed from the encounter with antigen.

The rearrangement of VDJ-gene segment occurs in the
process of the antibody class switch recombination (CSR)
during the centroblast/centrocyte differentiation stage. DNA
recombination allows gene moves (in the switch region) and
B cells to be able to change the heavy chain constant region
of its antibody while keeping the same heavy chain variable
region and light chain intact. In this way, the specificity of
antibody is identical, but the effector function is different.
During class switch, B cells stop expressing IgM and IgD
on their surface and express another class of antibody.
Class switching is regulated by the B- and T-lymphocytes



Nescakova and Bystricky

contact, type of differentiation, cytokines and site micro-
environment.

After pernancy of specific signals, the centrocytes with
high affinity receptors differentiate to the plasma or memory
cells. IL-1 and CD23 synthesized by the follicular dendritic
cells induce the generation of plasma cells secreting antibod-
ies in high amounts. Memory cells are generated after the
interaction of CD40 of centrocyte with membrane CD40L of
the activated Th-lymphocytes. The antibody class switch can
occur also during differentiation to the plasma or memory
cells (Janeway et al. 2001; Campos and Godson 2003; Kelly
et al. 2005; McHeyzer-Williams and McHeyzer Williams
2005; Ollila and Vihinem 2005; Wood 2006; Tangye and
Tarlinton 2009).

Immunological memory

The ability of the immune system to remember a previous
encounter with the specific antigen and the re-exposure
response with a higher kinetics and efficiency than the first
one is a fundamental feature of the specific (adaptive, ac-
quired) immunity of higher vertebrates. The second antibody
response is quicker, has a higher magnitude and is qualita-
tively different from the primary immune response. The
immunological memory is a basis for the vaccination against
infectious diseases (Pulendran and Ahmed 2006). Successful
vaccines rely on the generation of protective antibody level.
Protection is relative to a particular pathogen and may be
mediated by preformed antibodies, by antibodies that are
rapidly produced by antibody-secreting cells derived from
proliferating memory B cells or by a combination of both
(Lanzavecchia et al. 2006). B lymphocytes contribute to the
generation of immunological memory by differentiation to
the two different cell populations at the primary immune
response. One of the populations is a group of long-lived
plasma cells that continue to synthesize and secrete specific
antibodies long time after removal of the antigen from an
organism. Plasma cells represent compartments of effector
memory (Sanz et al. 2008). Memory B cells are the second
population, which represents compartments of central
memory. On the other hand, “central” memory B cells
could play important effector and regulatory functions e.g.
Ag presentation, T cell and dendritic cell regulation and
cytokine production (Sanz et al. 2008). Memory B cells are
able to proliferate after re-encounter with the antigen and
further differentiate to the plasma cells. This way the memory
B cells markedly accelerates the time needed for synthesis of
specific preventive antibodies (McHeyzer-Williams 2003).
The ability of naive B lymphocytes to differentiate to the
plasma and memory cells makes the rationale behind of
majority currently used vaccines (Tangye and Tarlinton
2009). In some cases (for example individuals after smallpox
vaccination) antigen-specific antibodies, as well as antigen-

specific memory B cells are still detectable in the peripheral
blood 50 years after immunizations (Crotty et al. 2003). Two
distinct mechanisms that can contribute to sustain serum
antibody are identified: the first mechanism is the longev-
ity of plasma cells and second one is continuous antigenic
stimulation by persisting antigen (Lanzavecchia et al. 2006).
Despite the long-lived nature of some plasma cells, contin-
ued differentiation of memory B cells plays a major role in
humoral memory (Barrington et al. 2002). Both short-term
and long-term serological memories could be defined. The
short-term memory is mediated by the antigen-driven pro-
duction of short-lived and long-lived plasma cells, whereas
the long-term memory is mediated by antigen-independent
homeostatic activation of all memory B cells leading to a sus-
tained production of plasma cells of all memory specificities
(Lanzavecchia et al. 2006; Radbruch et al. 2006).

Plasma cells

Plasma cells represent non-dividing, terminally differenti-
ated and immobile antibody-secreting cells of the B cell
lineage. B lymphocyte induced maturation protein 1
(Blimp-1) is a master regulator of the terminal differentia-
tion into antibody secreting plasma cells (Turner et al. 1994;
Shinal et al. 2000; Kallies and Nutt 2007). Blimp-1 directly
represses transcription factors that regulate several impor-
tant gene programs: essential genes responsible for handling
stress associated with huge protein production, folding and
secretion (Xbp-1), promote proliferation (Bcl6, c-myc) and
many others (Pax5, CTIIA etc.) (Shapiro-Shelef et al. 2005;
Tarlinton et al. 2008). Number of plasma cells increase in the
presence of stimuli such as IL-10, SAC plus IL-2, IL-4 plus
CD40 signaling, IL-21, CD27-CD70 interaction (Radbruch
etal. 2006; Schmidlin et al. 2009). The plasma cells are mor-
phologically adapted for the effective secretion of antibodies.
They have eccentrically positioned nucleus, numerous mito-
chondria, extensive rough endoplasmic reticulum and Golgi
apparatus. The expression of Ig mRNAs increases 6-12 fold
while the expression of surface Ig’s decrease, since plasma
cells produce only soluble antibodies (Ollila and Vihinem
2005). We are able to distinguish among populations of
the short-living and long-living plasma cells. Under usual
circumstances, terminally differentiated antibody secreting
plasma cells are not present in the peripheral blood. This is
not true only at low frequency - 1: 10 million peripheral
blood mononuclear cells (Kelly et al. 2005). Some of them
maintain their active state dwelling in the lymphatic tissue.
Plasma cells localized in the spleen and lymph nodes are
mainly short-lived cells that produce antibodies during a few
weeks only. Long-lived plasma cells migrate to the bone
marrow, where they produce antibodies for many months,
even years (Wood 2006). Moreover, plasmablasts are cells of
B cell lineage that secrete functional antibodies, but opposed
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to the plasma cells, they are still able to divide. Plasmablasts
can develop from any type of activated B cells (such as naive,
marginal, follicular, germinal-centre, memory) but it is not
clear whether plasmablasts of all of these origins are com-
petent to become long-living plasma cells (Radbruch et al.
2006). The developmental details of plasmablast transition
to a plasma cell are not fully understood (Tarlinton et al.
2008). Besides the different proliferation, plasmablasts have
also higher expression of MHC molecules and preserve their
ability to migrate. In turn, the maturation to the plasma cell is
connected with a decline of proliferation, mobility and MHC
expression. There is a theory that explains that the long-lived
plasma cells can be differentiated only from the memory
B cells (Blink et al. 2005; Odendahl et al. 2005; Radbruch et
al. 2006). The longevity of plasma cells in the bone marrow
is dependent on many distinct signals accessible in a specific
microenvironment and a molecular competence to respond
to these signals. The complete mechanism of these events is
not fully known yet. The plasma cells survived ex vivo only for
a couple of days, even though they were supplied with specific
signals (Radbruch et al. 2006; Tarlinton et al. 2008).

Memory cells

Memory B lymphocytes are long-lived cells present in the
organism long time after pathogen elimination. These cells
divide very slowly, express surface Igs but do not secrete
antibodies at a high rate. Some of them reside in the germi-
nal center in the mantle zone, the others leave the germinal
center and circulate in the organism. The memory cells
undergo the somatic hypermutation as well as antibody
class switch. They express high-affinity membrane Igs such
as IgG, IgA and IgM. However, IgD disappeared from the
surface in contrast to the naive lymphocytes (McHeyzer-Wil-
liams 2003). Persisting antigen, certain cytokine or toll-like
receptor signals may drive memory B cells to differentiate
into long-lived plasma cells, which are the source of serum
antibodies. In this way, memory B cells help to protect the
host from invading pathogens by maintaining persistent
levels of Ag-specific serum antibodies and generating rapid
antibody responses upon re-exposure to Ag (Chappell and
Jacob 2006). After the second exposure to the same antigen
during recirculation, the memory cells are faster in the differ-
entiation to plasma cells that secrete high-affinity antibodies
IgG, IgA and IgE (Wood 2006). Together with kinetics of
secretion, the quality of antibodies (e.g. the isotype, affinity
and anti-pathogen activity) is important (Kelly et al. 2005).
It was described that there is a striking correlation between
the frequency of antigen-specific B cells in the memory pool
and the antigen-specific IgG levels for different antigens in
sera from individuals following vaccination (Bernasconi et
al. 2002; Lanzavecchia et al. 2006; Rohner et al. 2008; Cao
et al. 2010). Memory cells are larger in comparison to the

naive B lymphocytes and express more co-stimulation, ac-
tivation and adhesive molecules (e.g. CD80, CD86, CD95,
CD54). CD27 is the characteristic differentiation antigen
that is generated by a majority of human memory cells
(Klein 1998; Agematsu et al. 2000). However, there are many
papers describing the existence of memory cell populations
that do not express CD27, mainly population of memory
B cells in mice (Xiao et al. 2004; Steiniger et al. 2005; Kiip-
pers 2008; Moens et al. 2008; Tangye and Tarlinton 2009).
Consequently, the memory B lymphocytes are character-
ized by the morphology, phenotype (e.g. CD23~ CD27%,
CD80", CD86", CD95%), adhesive molecules, molecular
characteristics (e.g. somatic hypermutation, class switch),
and by physiological characteristics (e.g. anatomical location,
longevity and recirculation).

The persistence of memory B cells is quite well docu-
mented and it has been suggested that memory B cells reside
in the sites of Ag drainage such as marginal zones of lymph
nodes, spleen and bone marrow. However, recent findings
suggest that antigen specific memory B cells preferably reside
in the secondary lymphatic organs and, in small amounts,
in peripheral blood but not in the bone marrow (Cao et al.
2010).

Heterogeneity of memory B lymphocytes

The diversity of memory B cell populations is hampered by
pre-conceived notions of their surface phenotype, function,
cellular and anatomical origin (Sanz et al. 2008).

The nature and origin of CD27 IgM*IgD" is a subject of
dispute (Kruetzman et al. 2003; Weller et al. 2004; Tangye and
Good 2007; Seifert and Ktippers 2009). It was proposed, that
CD27*1gM*IgD™ (as well as [gM-only B cells) are circulating
in the marginal zone of unswitched memory B cells which
develop outside of GC (germinal center), but still express
mutated Ig (White and Gray 2000; Tangye et al. 2003; Sanz
et al. 2008). In another hypothesis, CD27 IgM*IgD™ (as
well as IgM-only B cells) carry, like class-switched memory
B cells, mutations in the Bcl6 gene as a genetic trait of a GC
experience (Seifert and Kiippers 2009). The lower mutation
load of these cells, as compared with class-switched memory
B cells, may imply that the antibodies produced by these
cells are of lower affinity that the IgG antibodies. Moreover,
these memory B cells may serve as a flexible memory B cell
reservoir that may re-enter GC upon encounter with the
same or similar antigen to undergo further affinity matura-
tion (Seifert and Kippers 2009). CD27 IgM*IgD* represent
a heterogeneous population of B cells that have specialized
functions during distinct stages of development (Shi et al.
2003; Tangye and Tarlinton 2009).

IgG s considered a marker of B cell memory and through
its intracytoplasmic tail confers the signals necessary for
long-term survival. IgM™ and IgG™ B cell memory subsets
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have distinct differentiation potential and different effector
functions. After a challenge, the [gG" subset has immediate
effector and protective functions, which are a hallmark of
B cell memory but seems to have little capacity to reinitiate
a germinal center response. The contribution of the IgM*
subset by its rapid mobilization and switching to IgGl1
ensures replenishment of the memory pool from antigen-
experienced precursors and thus an effector contribution
delayed to following encounter with the antigen (Dogan et
al. 2009).

Subpopulation of IgG* B lymphocytes occurring in
tonsils, spleen and peripheral blood represents the group of
cells which do not express the differentiation antigen CD27
(Fecteau et al. 2006; Kippers 2008). This subpopulation of
B lymphocytes differs from CD27* memory B lymphocytes
by the expression of IgG subclasses. As the CD27*IgG"
B lymphocytes express IgGl, IgG2 and IgG3, the cells
CD27" IgG" preferentially express [gG1 and IgG3 subclasses
(Fecteau et al. 2006). These cells are derived from extra-
follicular response or from incomplete germinal center
reactions. Alternatively, they could represent the progeny
of activated CD27* memory B cells that have lost CD27
expression (Sanz et al. 2008).

The inspection of lymphoid tissue of human tonsils
revealed another subpopulation of CD27" memory
B lymphocytes on the basis of the inhibitory receptor
Fc-receptor-like 4 expression (FCRL4) (Ehrhardt et
al. 2005; Polson et al. 2006; Kiippers et al. 2008). More
than 60% of those cells express IgG and around 25% of
them also express IgA in contrast with CD27~ cells in
periphery blood (Ehrhardt et al. 2005). Localization of
FCRL4*CD27~ memory B lymphocytes is probably re-
stricted to MALT (mucosal-associated lymphoid tissue)
since the cells were detected neither in bone marrow,
spleen, lymph nodes nor in peripheral blood (Ehrhardt et
al. 2005; Polson et al. 2006). Due to the strategic location
and ability of very quick differentiation to the plasma cells,
they play important roles in mucosal humoral immune
response (Tangye and Tarlinton 2009).

Many subpopulations of memory B lymphocytes were
detected in humans as well as in mice. The exact relationship
between distinct subpopulations of B lymphocytes as well
as their contribution to the generation and maintenance of
long-lasting humoral immune response is a subject of future
explorations.

Mechanisms assuring rapidity of secondary immune re-
sponse

One of the most important features of memory cells is their
ability to react quickly after re-challenge by the antigen that
initiated their generation. This attribute could be facilitated
by several mechanisms.

To develop effector function, both naive and memory
cells require T-cell help. However, memory B cells proliferate
in response to lower amounts of antigen and require fewer
Th-cells or less lymphokines (Campos and Godson 2003). In
addition, a frequency of precursor antigen-specific memory
B cells is higher than that of antigen-binding naive B cells
(McHeyzer-Williams and McHeyzer-Williams 2005; Bhat-
tacharya et al. 2007).

The presence of antibody, which is higher than that at
the time of first encounter, reduces the threshold for B cell
activation by cross-linking CD21 to the BCR. B cells in
marginal-zone also up-regulate the expression of CD21
(MacLennan et al. 2000).

Because of changes in the structure of the antigen recep-
tor, as a consequence of somatic mutation of Ig genes during
development in germinal center, memory B cells express
mutated BCR with higher affinity for antigen than the naive
population.

Strategic localization of memory B cells is very important.
This distribution upgrades the possibility of antigen encoun-
ter and accelerates a new response. The cells are located in
the marginal zone of spleen, thus are perfused by the blood,
and consequently have direct access to antigen in the blood.
Spleen is the principal site of memory cells accumulation
and in comparison with the periphery bloodstream, there
are up to 100-times more antigen-specific memory B cells
(Tangye and Tarlinton 2009). Memory B cells in the tonsils
are located in the mucosal epithelium that lines the tonsilar
crypts which are directly open to the oropharynx, in Peyer’s
patches and lie under the epithelium with antigen-transmit-
ting M cells, etc. (MacLennan et al. 2000).

Memory B cells constitutively express co-stimulation
molecules CD80 and CD86 (Liu et al. 1995; Anderson et al.
2007), as well as Toll-like receptors (such as TLR2, TLR6,
TLR7, TLR9, TLR10). When triggered by the corresponding
TLR agonist (e.g. CpG or R848) memory B cells proliferate
and differentiate to antibody-secreting cells. By contrast, na-
ive cells do not constitutionally express TLRs and are not able
to response directly to the microbial products (Bernasconi
etal. 2003). While human naive B cells require three signals
to be activated, two of which are antigen specific, memory
B cells can be activated to proliferate and differentiate in
an antigen-independent fashion by microbial products,
cytokines and in the absence of BCR stimulation via TLRs
or bystander T-cell help (Lanzavecchia et al. 2006).

After serotype class switching, the cytoplasmic domain
of Ig chains acquire different biochemical properties that
allow the cells to express both IgM and IgG or chimeric
IgM/IgG molecules. IgG is considered a marker of B cell
memory and confer, through its intra-cytoplasmic tail, the
signals necessary for improved secondary response and
long-term survival (Wakabayashi et al. 2002; Dogan et al.
2009). Cytoplasmic domain of chimeric IgM/IgG molecules



B cells genesis

is derived from IgG. This consequence explains the ability of
IgG* and chimeric IgM/IgG B cells to secret more than 100-
fold more Ig after re-challenge with the specific antigen in
comparison with IgM ™" B cells (Horikawa et al. 2007; Tangye
and Tarlinton 2009).

Besides morphological, physiological and phenotype
differences, the gene expression differs between memory
and naive B cells. Memory B cells increase expression of
CD40-inducible factors such as Bcl-2, A1l and Mcl-1, which
protect them from antigen-receptor-mediated apoptosis
(Craxton et al. 2000). This correlates with their improved
survival (Tangye and Tarlinton 2009).

In comparison with naive B cells, memory B cells decrease
expression of negative regulators of the cell cycle as p21,
WAF-1, KLF4, KLF9 and PLZF, and increase the level of
pro-proliferative cyclin EI genes (Ehrhardt et al. 2008; Good
et al. 2009). Further, increase expression of components
of intra-cellular signaling pathways — adenosine receptor
2A and isoforms of protein kinase C (Tomayko et al. 2008;
Tangye and Tarlinton 2009). Memory B cells up-regulate
leukemia inhibitory factor receptors that are essential for
embryonic stem cell self-renewal (Tomayako et al. 2008).
The function of genes specific for memory B lymphocytes
is not fully understood yet.

A small number of memory cells are detectable in an
organism for many months even years. The mechanisms
responsible for longevity of memory B lymphocytes are not
fully understood. Earlier, it was predicted that surviving of
memory cells is firmly restricted to the presence of inducing
antigen in an organism (Gray and Skarvall 1988). Currently,
it is thought that the presence of antigen is not an essential
condition (Maruyama et al. 2000). In addition, a persistent
support from Th-lymphocytes is not required (Vieira and
Rajewsky 1990). Approximately 2% of human memory
B cells divide every day and mouse memory B cells prolifer-
ate and differentiate in the absence of antigen (Lanzavecchia
et al. 2006).

One of existing hypothesis says that the surviving is sup-
ported by B cell activating factor (BAFF) belonging to the
TNF family (Tangye et al. 2006). This statement supports
the outcome that the presence of BAFF is necessary for the
differentiation of B lymphocytes to mature B lymphocytes
in mice. Similarly, longevity of memory cells is supported
by the finding that memory cells express BAFF-R and TACI
(transmembrane activator and calcium-modulator and cy-
clophilin ligand interactor) receptors for BAFF. Individuals
with the mutation in TACI gene have lower ability to dif-
ferentiate B lymphocytes to the terminal stage (Tangye and
Tarlinton 2009). However, there are findings that contradict
these claims (Benson et al. 2008).

Longevity of memory B cells may be mediate through
the expression of higher levels of antiapoptotic factors Bcl2
and Birc6 (Bhattacharya et al. 2007). Mechanism responsible

for the longevity of memory B lymphocytes is the topic for
future investigations.

Concluding remarks

Important feature of the immune system is its ability to
remember an encounter with a pathogen, what assures
better and long-lasting defense again pathogens. Recently,
the understanding of the role of B cells in host defense
system has been achieved. The interaction and coopera-
tion of cells implicated in immune memory response and
new subsets of memory B cells and mechanisms assuring
rapidity of secondary immune response have been identi-
fied. During the past decade, many micro-environmental
factors and initiation signals regulating development of
B cell populations have been identified. However, their
mutual relationships and coordination have to be still
revealed. Knowledge of these critical parameters promot-
ing memory and plasma cells induction and maintenance
will admittedly potentiate the possibility of the effective
active interventions. It is the key achievement to be
completed in the future for effective immune-prevention
development.
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