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Abstract: This review article examines the role of B-lymphocyte
activating factor (BAFF) in immune regulation and its implications
for autoimmune diseases. BAFF, a member of the TNF superfamily,
is crucial for B-cell survival, maturation, and differentiation. We
detail the mechanisms by which BAFF interacts with its receptors—
BAFF receptor, TNFRSF13B, and BCMA—impacting various
signaling pathways essential for humoral immunity. Elevated BAFF
levels are associated with autoimmune conditions such as systemic
lupus erythematosus, rheumatoid arthritis, and primary Sjogren’s
syndrome, where it contributes to B-cell dysregulation and
autoinflammatory responses. We discuss how therapies targeting
BAFF and associated signaling pathways, such as belimumab and
atacicept, show promise in modulating immune responses and
offering new treatment avenues. This review synthesizes current
findings to highlight the potential of BAFF as a therapeutic target and
emphasizes the need for additional studies to clarify its role in the
pathogenesis and treatment of autoimmune disorders.
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INTRODUCTION

Cytokines are low molecular weight proteins,
typically smaller than 30 kDa. Cytokines are
generated and released during immune responses,
whether innate or adaptive, serving as signals that
facilitate complex interactions among lymphoid cells,
inflammatory cells, and hematopoietic stem cells
[1,2]. Cytokines bind to particular receptors on
cellular membranes and trigger a series of cell
signaling, changing the expression of genes and
modulating critical biophysiological mechanisms,
e.g., cell activation, cell differentiation or cellular
death [3,4].

Recent studies have shown that B-lymphocyte
activating factor (BAFF) plays a crucial role in
maintaining homeostasis, supporting the maturation
and survival of peripheral B cells, and facilitating the
development of the lymphatic system. BAFF induces
pleiotropic responses by interacting with receptors
such as TNF, TNFRSF13B, BCMA, and the BAFF
receptor, which are expressed primarily on B cells and
T cells [5-8].

The crucial role of BAFF has been demonstrated in

mouse models, where its deficiency leads to a
reduction in the number of peripheral B lymphocytes
and a decrease in humoral immunity. Excessive
expression of B-lymphocytes activating factor was
related to autoimmune diseases hematological
neoplasms progression. Elevated concentrations of B-
lymphocytes activating factor was related to presence
of AAbs, e.g., anti-DS-DNA Abs in SLE, anti-Ro Abs
in §jS and RF in RA [9,10].

In this review, we focus on the available data
regarding the activity of BAFF, the processes
associated with its expression, its receptors, and its
potential applications in the treatment of autoimmune
disorders, including its use in targeted therapies.

Contribution to the Field: Our findings underscore
BAFF's multifaceted role in autoimmune
pathogenesis, highlighting its importance as a
therapeutic target. We propose that future research
should investigate the underlying mechanisms of
BAFF dysregulation in various autoimmune diseases,
explore the impact of genetic factors on BAFF
signaling, and assess the long-term effects of BAFF-
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targeting therapies. Furthermore, comparative studies
examining BAFF's role in different autoimmune
conditions may reveal novel insights into its function
and lead to tailored therapeutic strategies.

B-lymphocytes activating factor and its receptors
B-lymphocytes activating factor is a member of TNF
superfamily. Its expression takes place on surface of
DCs, monocytes, neutrophils, MSCs, activated T-
lymphocytes, cancer B cells and ECs. B-lymphocytes
activating factor is binding to various receptors, such
as B-lymphocytes activating factor receptor,
TNFRSF13B, and BCMA [11,12]. Expression of
these receptors is spread in time in the process of B-
lymphocyte development. BAFF is removed from the
cell surface and enters circulation as a soluble, active
homotrimer. It is then binding to B-lymphocytes
activating factor receptor. A part of B-lymphocytes
activating factor assembles into 20-trimer multimers
which then are binding to TNFRSF13B triggering its
activation [13,14]. A proliferation-inducing ligand
molecule is binding to TNFRSF13B and BCMA,
however it is not binding to B-lymphocytes activating
factor receptor. Activation of TNFRSF13B is
triggered by B-lymphocytes activating factor
multimerization or binding to membrane and a
proliferation-inducing  ligand  multimerization.
Homotrimers, on the contrary, do not stimulate its
activation. The B-cell maturation antigen (BCMA) is
a high-affinity receptor for APRIL [15,16]. B-cell
maturation antigen is binding low-affinity B-
lymphocytes activating factor in humans. Although,
in murine model, B-cell maturation antigen is specific
for a proliferation-inducing ligand (APRIL), which
interplays with sulfated proteoglycans accumulating
APRIL on cellular membrane. TNFRSF13B is
binding to Sdcs via a region separated from B-
lymphocytes activating factor binding region. The
importance of these processes is still not fully studied
[17,18].

Expression of B-lymphocytes activating factor,
TNFRSF13B and B-cell maturation antigen was not
detected until transition stage of B lymphocytes,
where B-lymphocytes activating factor receptor is
prevalent on naive B lymphocytes and memory B cells
(MBCs), TNFRSF13B is prevalent on short-lived
effector B cells, and B-cell maturation antigen is
prevalent on long-lived effector B cells. Every receptor
triggers activation of a particular series of signaling
pathways [19]. The only receptor for BAFF that
activates the NF-kappa B pathway is the BAFF
receptor. BAFF supports the survival of long-lived B
cells primarily through this pathway, increasing the
levels of anti-apoptotic proteins. Ligation of B-
lymphocytes activating factor receptor leads to
signaling via Pim2 which improves metabolic
performance by causing a metabolic shift to glycolysis.

Hereby, B-lymphocytes response to B-cell receptor
activation is stimulated. TNFRSF13B and B-cell
maturation antigen signaling is carried out via
traditional nuclear factor-kappa beta pathway and via
MEK pathway to enhance anti-apoptosis pathways
and suppress pro-apoptosis pathways, as well as to
promote class switching via JNK/p-38 [20,21].

In summary, BAFF interacts with its receptors in a
complex manner that regulates B-lymphocyte
survival, proliferation, and differentiation, with
distinct pathways activated depending on the receptor
engaged

BAFF in the Innate Immune System

Role in Innate Immunity

BAFF affects the innate immune response by
stimulating conventional dendritic cells via type 1
interferons and enhances the expression of Toll-like
receptors (TLR). BAFF enhances B-cell survival and
differentiation alongside interleukin 6 [36-38]. It plays
a pivotal role in mediating B-cells' interaction with
other immune cells, promoting recruitment to
inflammatory regions and modulating cellular
responses.

Signaling Pathways and Mechanisms

Cellular toll-like receptor activation in B-cells
enhances BAFF receptor expression, amplifying both
B-cell receptor mediated signaling and cellular
sensitivity to apoptosis. This creates a positive
feedback loop facilitating IgG antibody synthesis
independently of T-lymphocytes [39,40]. The role of
BAFF on non-B-cell lineages, especially T-
lymphocytes, is still under investigation.

To summarize, BAFF plays a critical role in
modulating the innate immune response by enhancing
B-cell function and supporting interactions with other
immune cells, thereby contributing to the overall
immune activation

BAFF in the Adaptive Immune System

Role in Adaptive Immunity

In the adaptive immune system, BAFF is essential for
the development, survival, and functionality of B cells.
It affects B-cell maturation at various stages, with its
receptors being differentially expressed throughout
[19]. Enhanced competition for BAFF promotes the
elimination of autoreactive B-cells, while excess
BAFF can lead to the survival of such cells,
contributing to autoimmunity.

Signaling Mechanisms

BAFF and APRIL signaling pathways influence B-
cell receptor survival signals and class switching. For
instance, in mouse models, excessive levels of BAFF
lead to the emergence of lupus-like phenotypes,
highlighting its critical role in the adaptive immune
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response [22-33]. By facilitating the differentiation
into effector cells, BAFF holds a substantial impact on
antibody production and overall immune regulation.

In conclusion, BAFF is integral to the adaptive
immune response, promoting B-cell maturation and
influencing the survival of autoreactive B cells, which
is crucial for the development of autoimmunity.

Functions of B-lymphocytes activating factor and
APRIL

A number of critical B-lymphocytes functions are
mediated by B-lymphocytes activating factor and a
proliferation-inducing ligand. Interplay between B-
lymphocytes activating factor with B-lymphocytes
activating factor receptor is crucial for B2 cells
surviving T1 stage, considering a small influence of
TNFRSF13B and no influence of a proliferation-
inducing ligand or B-cell maturation antigen [22,23].
BAFF acts as a rheostat to select B lymphocytes;
increased competition for BAFF enhances the
deletion of autoreactive B lymphocytes. Conversely,
in the context of B lymphocyte lymphopenia or
elevated BAFF levels in the bloodstream, decreased
competition for BAFF weakens the selection process
for B lymphocytes and promotes the expression of
autoreactive naive B lymphocytes [24,25].

B-cell receptor signal level regulates the B-
lymphocytes activating factor signaling since it
produces p-100, which is the substrate for non-
traditional nuclear factor-kappa beta pathway utilized
by B-lymphocytes activating factor receptor. P-100
enables B-lymphocytes activating factor receptor
signaling causing B-lymphocyte surviving. P-100
deficiency leads to B-lymphocyte death due to not
sufficient B-lymphocytes activating factor receptor
signal [26]. B-cell receptor signaling produces small
amount of p-100 in T 1 cells since their rafts are not
mature and do not comprise enough cholesterol.
Therefore, T1 cells are subject to negative selection.
Conversely, p-100 produced by B-cell receptor signal
is enough for B-lymphocytes activating factor
instructed surviving of B-lymphocytes, both follicular
and transitional, and without B-lymphocytes
activating factor present, surviving of these cells is
significantly reduced [27,28].

The expression of BAFF receptors is increased by B
cell receptors (BCR) ligation in mature B
lymphocytes. That is the prevalent receptor which is
released on classical MBCs. Although, it is evident
that MBCs surviving and re-activating does not
depend on B-lymphocytes activating factor. Effector B
cells release TNFRSF13B and B-cell maturation
antigen. Their surviving might be facilitated by
APRIL or B-lymphocytes activating factor produced
by various cells inside lymph glands or bone marrow.

Conversely, B 1 cells surviving does not depend on
APRIL or B-lymphocytes activating factor [29,30].

B-lymphocytes activating factor is crucial for humoral
immune response. Type 2 responses independent of T-
lymphocyte need the interplay of B-lymphocytes
activating factor sixtymer or membrane B-
lymphocytes activating factor with TNFRSF13B,
which is also necessary for IgM responses that depend
on T-lymphocytes [31]. Immunoglobulin G response
depends on B-lymphocytes activating factor to a lesser
extent. In murine model of B-lymphocytes activating
factor deficit, FDCs network was found to be
undeveloped which reduced and destabilized
germinal centers (GCs) where SHM and class-
switching take place, although with decreased
immunoglobulin G and secondary responses. Class-
switching to immunoglobulin A was reported to
depend on multimerized APRIL interplay with
TNFRSF13B [32,33]. Immunoglobulin A deficit is an
important aberrance in context of APRIL deficit in
murine model. This implies that it might play a role in
mucosal immune system regulation. TNFRSF13B
regulation function requires further study, since its
deficiency in murine model leads to development of
autoimmune diseases and lymphomas. A number of
other explanations were given for this phenomenon
[34,35].

B-lymphocytes activating factor is of great importance
for innate immunity. It is stimulated in conventional
dendritic cells by type 1 interferons. B-lymphocytes
activating factor contributes to the expression of TLR,
stimulates surviving of B-lymphocytes and stimulates
immunoglobulin class switching and effector B cell
differentiation together with interleukin 6 [36-38].
Cellular toll-like receptor activation in B-lymphocytes
by immunity complexes comprising nucleic acids
(NAs) enhances expression of B-lymphocytes
activating factor receptor, specifically TNFRSF13B,
as well as enhances B-cell receptor mediated signal.
Conversely, B-lymphocytes activation through toll-
like receptor 4 enhances B-lymphocytes activating
factor receptor and elevates cellular sensitivity to
apoptotic processes mediated by Fas receptor.
Together, toll-like receptors, type 1 interferons and B-
lymphocytes activating factor make an enhancement
loop which promotes synthesis of immunoglobulin G
AAbs to NAs without influence of T-lymphocytes
[39,40].

B-lymphocytes activating factor role on cells apart
from B-lymphocytes is yet to investigate. Whereas the
expression of B-lymphocytes activating factor receptor
takes place on T- lymphocytes, its impact on T-
lymphocyte co-stimulation is not fully understood.
Levels of T-lymphocytes are normal in murine model
of B-lymphocytes activating factor deficit. Dendritic
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cells can be expressing B-lymphocytes activating
factor receptors as well (mostly TNFRSF13B) [41,42].
When dendritic cells are transduced with small
interfering RNA which is silencing B-lymphocytes
activating factor, they stay immature and cannot
generate interleukin 6 needed for Tnl7 differentiation.
In humans, conventional dendritic cells (cDCs)
promoted by B-lymphocytes activating factor
upregulate co-stimulation molecules, stop their
phagocytic functioning and synthesize
proinflammatory  cytokines and chemotactic
cytokines such as interleukin 1, interleukin 6, CCL-2
and CCL-5, in vitro facilitating type 1 helper T cell
responses [43,44]. These findings imply that B-
lymphocytes activating factor activity on dendritic
cells stimulates recruitment of immunity cells to
inflammation  regions and promotes  pro-
inflammatory function of T-lymphocytes. It is yet to
investigate if this is an autocrine activity of dendritic
cells in inflammation [45,46].

B-lymphocyte activating factor (BAFF) and a
proliferation-inducing ligand (APRIL) play vital roles
in regulating B-cell functions and maintaining
immune homeostasis. BAFF acts as a critical survival
factor for B cells, particularly influencing the selection
and differentiation of B2 cells. Elevated BAFF levels
can lead to the survival of autoreactive B lymphocytes,
contributing to autoimmune conditions, while
reduced competition for BAFF in lymphopenic states
can weaken B-cell selection. Additionally, BAFF
stimulates immunoglobulin  production, with
implications for both T-cell dependent and
independent responses. APRIL also supports B-cell
survival and facilitates immunoglobulin class
switching, particularly to IgA. Beyond B cells, BAFF
influences dendritic cell activity, enhancing pro-
inflammatory responses and their recruitment to sites
of inflammation. Collectively, these insights
underscore the complexity of BAFF and APRIL
signaling in both the adaptive and innate immune
systems, warranting further exploration of their roles
in health and disease.

Human BAFF receptor deficit

To date, there were reported only 2 cases of BAFF
receptor deficit in humans caused by total inactivation
of BAFF receptor protein encoding gene TNF
receptor superfamily member 13C. In these cases,
autosomal recessive homozygous 24 base pair
deletion was removing sequences of highly conserved
8 amino acids (L VL A LV L V) from membrane site
of BAFF receptor, that expands from remnants [47].
After truncation, the BAFF receptor protein becomes
unstable; however, computer modeling suggests it
may form a new membrane site between remnants
that partially overlaps with the wild-type protein's
membrane site. When BAFF receptor is not

sufficiently expressed, it can inhibit differentiation of
B-lymphocytes at transition from CD-10* Trl B or
immature B lymphocytes to naive or Tr2 B and MZ B
lymphocytes [48,49]. While heterozygous mutation is
not distinguishable from control group, homozygous
one has total penetrance. In BAFF receptor-/- murine
model, a number of immune features of human BAFF
receptor deficit were found [50].

These characteristics mostly involve reduced levels of
B-lymphocytes in bloodstream, lowered
immunoglobulin M and immunoglobulin G AB titre,
but elevated immunoglobulin A in serum.
Nonetheless, human and mouse BAFF receptor
deficiency are in many ways different. Firstly, TNF
receptor superfamily member 13C inactivation in
mouse model does not suppress Bl B lymphocytes
development, while in humans nothing like B1 B
lymphocytes were found [51,52]. Although, these cells
could disappear in subjects with BAFF receptor deficit
the same way they do in ageing mice. At the same
time, suppressed development of MZ and follicular B
lymphocytes could have facilitated the extension of B1
B lymphocytes. These cells could be able then to
compensate for the deficiency of B2 B cells and to
grow into immunoglobulin A releasing effector B cells
in the intestine, as it was reported for murine model

[53].

It is noteworthy that in subjects with BAFF receptor
deficiency there was detected an efficient release of
immature bone marrow B lymphocytes with high
amount of TrB cells. Unlike BAFF receptor -/- mouse
model, humans with that deficit displayed serious
lymphocytopenia. This could also be explained by
ageing or pool size difference [54-56]. Whereas
immunoglobulin M* CD-27* MZ B lymphocytes
regulate encapsulated bacterial infections, without
MZ B lymphocytes present, T-independent responses
to vaccine Pneumovax were inadequate. Interestingly,
weak immunoglobulin G response to tetanus toxoid,
elevated serum immunoglobulin A level and
immunoglobulin A* effector B cells in the gut
demonstrated that BAFF receptor deficit can still
allow B lymphocytes to transform into plasma cells.
The same was reported for BAFF receptor-/- mouse
model where BAFF receptor deficient B lymphocytes
finished GC reaction and progressed into switched
MBCs and effector B cells that are capable of survival
in BAFF receptor deficit [57,58]. With B-lymphocytes
activating factor drained by therapy with Belimumab
and Benlysta or Atacicept, long-lived MBCs not
depending on BAFF receptor were found in subjects
with lupus. Those trials demonstrated a more than 75
percent decline in the amount of naive B lymphocytes
and an elevation of switched MBCs. Immunoglobulin
G AB levels, accumulated before the B-lymphocytes
activating factor-neutralizing treatment, did not
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change, while the elevation of AB titre against
influenza was considerably poorer that in healthy
subjects. Another trial also did not show changes in
switched MBCs during 6 months therapy of RA
subjects with atacicept [59-61].

Apart from BAFF receptor deletion, various MMs
(missense mutations) were detected for BAFF
receptor. Such mutations were detected in subjects
with CVID, a disorder featured by reduced serum
immunoglobulin M, immunoglobulin G, and
immunoglobulin A, reduced switched MBCs in blood
and absent effector B cells in blood. The BAFF
receptor MMs alter amino acid remnants in BAFF
receptor, and they have an impact on progression and
surviving of B lymphocytes in a manner comparable
to the BAFF receptor deletion mutation [62,63].
Hereby, their role in common variable
immunodeficiency progression is yet to be elucidated.
One exception is represented by P21-R BAFF receptor
variant, that is encoded by a SNP. Proline 21 is found
in a little loop upstream of B-lymphocytes activating
factor binding site. Various trials demonstrated that
this little loop is vital for BAFF receptor protein chains
assembly into multimers in a ligand independent
manner. Hereby, it mirrors pre-ligand assembling site
of BAFF receptor [64]. Whereas BAFF receptor
complex defect associated with P21-R decreases by
half the number of B-lymphocytes activating factor
molecules that are capable of binding to BAFF
receptor on B lymphocyte surface, it does not have an
impact on TrB cells transformation into naive mature
b lymphocytes. As BAFF receptor multimerization
induces B-lymphocytes activating factor binding, B-
lymphocytes with P21-R  progress into
immunoglobulin M releasing plasmablasts with lower
efficiency [47,65]. Furthermore, homozygous P21-R
shows total resistance to B-lymphocytes activating
factor-induced BAFF receptor processing by
CDw156. This mutation appears to have
compensatory effect for the decreased capacity of
binding B-lymphocytes activating factor. This
characteristic could partly disguise the disrupted
differentiation of P21-R* B lymphocytes into
immunoglobulin M releasing plasmablasts as well as
help avoid progression of immunocompromisation

[66].

Human BAFF receptor deficiency, caused by total
inactivation of the TNF receptor superfamily member
13C gene, has been reported in only two cases. These
cases involve a significant genetic alteration leading to
the instability of the BAFF receptor protein,
impacting B-lymphocyte differentiation and resulting
in immune dysregulation. The deficiency is
characterized by markedly reduced Ilevels of
circulating B-lymphocytes and altered
immunoglobulin profiles. While the murine BAFF

receptor knockout model exhibits variations in B-cell
populations compared to humans, both models show
impaired development of certain B-cell subsets.
Notably, BAFF receptor deficiency in humans leads
to severe lymphocytopenia and an inefficient immune
response to specific vaccines.

Additionally, missense mutations (MMs) in the BAFF
receptor have been associated with Common Variable
Immunodeficiency (CVID), further complicating B-
cell survival and progression. Emerging research on
these mutations, including the P21-R variant,
highlights their impact on BAFF receptor function
and B-cell maturation, underscoring the complexity of
immune responses in BAFF receptor-deficient
individuals. Understanding these mechanisms may
provide insights for targeted therapies in autoimmune
disorders linked to BAFF receptor dysregulation.

Primary Sjogren's syndrome (SjS)

SjS is a chronic auto-immune condition which mostly
involves exocrine glands, causes their damage and
changes their functioning. It is featured by
mononuclear infiltration located around ducts [67].

SjS underlying processes involve overexpression of B-
lymphocytes activating factor. This alteration is
primarily attributed to the overproduction of
interferon alpha in infiltrating cells, which is driven by
apoptotic processes in endothelial cells that induce
cytokine expression—such as BAFF—and promote
autoreactive B cells [68,69]. These discoveries imply
that ECs might be important for development of auto-
immune lesions in SjS and they possibly could
autocrinely synthesize B-lymphocytes activating
factor that makes environment favorable for interplay
of cytokines, ECs, DCs, hyperactive T cells and B
cells, and that together leads to aberrances of immune
regulation in organs [70,71].

Abnormal GC-like lymphocyte deposition happens in
seventeen percent of SjS subjects. It is an intricate
mechanism influenced by interplay of various factors,
such as B-lymphocytes activating factor. B-
lymphocytes activating factor is a major mediator of
GC genesis in SjS. Hereby, there was detected an
enhancement of B cell signaling which stimulates their
differentiation into AB-generating effector B cells and
proliferation.  B-lymphocytes  activating factor
concentrations are in correlation with anti-Ro and
rheumatoid factor titre [72,73]. That implies that B-
lymphocytes activating factor is an important player
in regulation of A Abs synthesis.

B-lymphocytes activating factor transgenic mice
develop lupus-like and consequently demonstrate
gland infiltrations and symptoms similar to SjS. With
ageing, these mice demonstrate how B-lymphocytes
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activating factor causes upregulated signaling of
surviving of auto-reactive B cells, missing the spleen
checkpoint [74,75].

In a physiological SjS model, B-lymphocytes
activating factor is released by ECs after being
promoted by type 1 interferon, that is affected by
viruses. That implies that infections could be the
agents stimulating the disorder. Hereby, ECs take part
in expression of auto-antigens and also are able to
simultaneously activate B cells by local secretion of B-
lymphocytes activating factor. These discoveries are
crucial for SjS treatment development, since B cells
are one of the major targets in SjS. Neutralization of
B-lymphocytes activating factor could become a new
promising therapeutical approach [76].

Primary Sjogren's syndrome (SjS) is characterized by
autoimmune damage predominantly affecting the
exocrine glands, leading to functional impairment.
Central to its pathophysiology is the overexpression of
B-lymphocyte activating factor (BAFF), driven by
interferon alpha production from infiltrating cells,
which facilitates the promotion of autoreactive B cells.
This dysregulation supports the formation of
abnormal germinal center-like structures and
enhances B cell activity, contributing to the synthesis
of autoantibodies, such as anti-Ro and rheumatoid
factors. Moreover, BAFF’s role is underscored by
findings in transgenic mouse models, which exhibit
lupus-like symptoms and gland infiltration. The
potential autocrine production of BAFF by
endothelial cells further supports a microenvironment
conducive to autoimmune responses. Consequently,
targeting BAFF presents a promising therapeutic
strategy for managing SjS and its associated
symptoms.

Rheumatoid arthritis (RA)

B lymphocytes contribute to the pathogenesis of
rheumatoid arthritis by regulating the synthesis of
autoantibodies, such as rheumatoid factor, antibodies
against type 3 collagen, and ACPA. B lymphocytes
are also crucial for cytokine genesis and T cells
promotion. In a BL-deficient murine model, collagen-
induced rheumatoid arthritis was not observed, and
treatment with anti-CD20 antibodies proved to be
effective. These findings imply that B lymphocytes are
particularly important in RA pathogenesis [77,78].

Numerous trials have demonstrated that elevated B-
lymphocytes activating factor are in correlation with
RA progression. B-lymphocytes activating factor in
serum was higher in nineteen to forty percent of
subjects. Immunosuppressive drugs and different
dosages might account for it. Both B-lymphocyte
activating factor and APRIL play roles in both
upregulating and downregulating processes involved

in rheumatoid arthritis [79,80]. In rheumatoid
arthritis, B-lymphocytes facilitate the formation of
lymphoid tissue microarchitecture within the
synovium during inflammation, characterized by
ectopic germinal centers, accumulation of T-B
lymphocytes without germinal center reactions, and
disorganized diffuse infiltrations.

By phenotype, synovitis related to ectopic GC
formation is featured by elevated APRIL release by
CD-83+ DCs, whereas B-lymphocytes activating
factor has the same concentrations in different tissues
and is obtained only from CD-68+ macrophages. This
suggests that APRIL, rather than B-lymphocyte
activating factor, correlates with differences in the
functional state of B lymphocytes within the tissue
[81].

Considering receptors expression, it has been reported
that they do not depend on synovitis type. B-
lymphocytes activating factor expression is higher
than TNFRSF13B expression. Although, its
correlation with lymphoid structure was not detected.
At the same time, TNFRSF13B is detected in T
lymphocytes in lymphoid accumulations, but not in
GC synovitis. B-cell maturation antigen expression
takes place in B lymphocyte and T lymphocyte
infiltrations [82,83].

In the context of synovitis treatment, atacicept
reduced germinal center formation and suppressed
interferon production, emphasizing the roles of B-
lymphocyte activating factor and APRIL in lymphoid
organogenesis. However, this effect was not observed
in synovitis without germinal center formations,
where T cells expressing TNFRSF13B were present,
alongside increased production of inflammatory
cytokines and interferon-gamma [84]. Thus, B-
lymphocyte activating factor and APRIL can regulate
inflammatory processes in the synovium in
rheumatoid arthritis by modulating the functions of
both B lymphocytes and T lymphocytes, exhibiting
pro-inflammatory and anti-inflammatory activities.
The anti-inflammatory function is modulated by T
lymphocytes with TNFRSF13B receptors [85].

In the early stages of rheumatoid arthritis,
TNFRSF13B expression, B-lymphocyte activating
factor concentrations, and the expression of the B-
lymphocyte activating factor gene are observed in the
synovium within the first weeks after disease onset.
Then along with the disorder progression they are
gradually reduced. In contrast, the expression of the
B-lymphocyte activating factor receptor is
significantly elevated in advanced rheumatoid
arthritis [86].

B lymphocytes are integral to the pathogenesis of
rheumatoid  arthritis (RA), contributing to
autoantibody synthesis and T cell activation. Elevated
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levels of B-lymphocyte activating factor (BAFF) are
associated with disease progression, highlighting its
significant role alongside APRIL in modulating
inflammatory processes within the synovium.
Inflammatory synovitis is characterized by the
formation of ectopic germinal centers and the
accumulation of B and T lymphocytes, with BAFF
and APRIL influencing both pro-inflammatory and
anti-inflammatory pathways. Treatment strategies
targeting these factors, such as atacicept, demonstrate
potential in attenuating RA-related synovitis by
reducing germinal center formation and cytokine
production. Understanding the dynamic roles of
BAFF and APRIL may offer new therapeutic avenues
for managing RA and improving clinical outcomes.

Scleroderma

Constantly activated B lymphocytes contribute to
AAbs stimulation and to progression of skin sclerosis
in scleroderma. Whereas its pathophysiological
processes are yet to be fully studied, it had been
reported that polyclonal B lymphocyte activation and
B lymphocyte aberrances featured by synthesis of
AAbs, that are in correlation with some symptoms of
the disorder, are major players [87].

High B-lymphocytes activating factor concentration
was detected in scleroderma. This increase is in
correlation with expansion of skin fibrosis assessed by
modified Rodnan criteria, manifestation or
progression of the organic damage and with diffuse
diversity, in comparison to restricted, and is
subsequently reduced with corticosteroid therapy [88].
These findings demonstrate that B-lymphocytes
activating factor is related to the disorder
development.

APRIL is increased as well in comparison to the
healthy donors. It was found to be in correlation with
more frequent occurrence of lung fibrosis, although
not with concentrations of B-lymphocytes activating
factor [89].

These discoveries indicate that it is possible to assess
the gravity and subjects’ profiles using B-lymphocytes
activating factor and APRIL concentration in serum,
where the former is a biomarker of serious skin
sclerosis and the latter is a biomarker of lung fibrosis.
In summary, the activation of B lymphocytes plays a
critical role in the pathogenesis of scleroderma,
contributing to the production of autoantibodies and
disease progression, particularly skin sclerosis.
Elevated levels of B-lymphocyte activating factor
(BAFF) and APRIL have been associated with the
severity of skin fibrosis and lung complications,
respectively. Monitoring serum concentrations of
these factors may provide valuable biomarkers for
assessing disease severity and guiding therapeutic

approaches in scleroderma management. Further
research is needed to fully elucidate the underlying
mechanisms by which B lymphocytes and their
regulatory factors influence scleroderma pathology.

Systemic Lupus Erythematosus (SLE)

Systemic lupus erythematosus (SLE) is a complex
autoimmune disease characterized by the production
of a variety of autoantibodies, resulting in systemic
inflammation and potential damage to multiple organ
systems, including the kidneys, skin, joints, and
central nervous system. One of the key features of SLE
pathogenesis is the dysregulation of B-cell activity,
with a notable role played by B-lymphocyte activating
factor (BAFF).

Elevated levels of BAFF have been consistently
observed in patients with SLE, correlating with
disease activity and the presence of specific
autoantibodies, particularly anti-dsDNA antibodies,
which are strongly associated with renal involvement.
BAFF enhances the survival and proliferation of B
cells, including autoreactive B cells, thereby
contributing to the pathogenesis of SLE. This
overabundance of BAFF provides a survival signal to
these autoreactive B cells, enabling their persistence
even in the presence of self-reactivity [9,10].

BAFF signals through its receptors on B cells,
primarily the BAFF receptor (BR3), TNFRSF13B,
and BCM. The engagement of these receptors leads to
the activation of several downstream signaling
pathways, including NF-kB and MAPK pathways,
which promote B-cell survival and differentiation. In
SLE, the aberrant signaling resulting from elevated
BAFF levels leads to enhanced differentiation of B
cells into antibody-producing plasma cells, further
driving the autoantibody response [20,21].

The critical role of BAFF in SLE has prompted
investigations into therapies that target this factor.
Belimumab, a monoclonal antibody that neutralizes
soluble BAFF, has shown effectiveness in reducing
disease activity and the production of pathogenic
autoantibodies. Clinical trials have demonstrated that
belimumab treatment results in decreased flares and
improved patient outcomes, highlighting BAFF's
potential as a therapeutic target in the management of
SLE [95,96].

In summary, BAFF plays a pivotal role in the
pathogenesis of systemic lupus erythematosus by
supporting the survival and activity of autoreactive B
cells. Understanding the mechanisms surrounding
BAFF dysregulation in SLE is essential for developing
targeted therapies aimed at improving disease
management and patient outcomes.
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Table 1: Role of BAFF in Autoimmune Diseases

Disease Impact of Elevated BAFF Therapeutic Approaches | References
Systemic Lupus | Associated with anti-dSDNA and other | Belimumab (BAFF- | 95,96
Erythematosus (SLE) autoantibodies; promotes B-cell | neutralizing Ab) effective

dysregulation. in reducing symptoms.
Rheumatoid Elevated BAFF correlates with disease | Atacicept (dual | 113-116
Arthritis (RA) activity; influences B-cell and T-cell | BAFF/APRIL inhibitor)

interactions. shows promise.
Primary Sjogren’s | Increases B-cell activation and | BAFF-targeting therapies | 67-76
Syndrome (SjS) autoantibody production; impacts | may improve outcomes.

glandular function.
Scleroderma Correlation with severity of skin fibrosis; | Ongoing research  on | 87-89

BAFTF levels reflect disease activity. BAFF-targeting

treatments.
Therapies targeted against B-lymphocytes Belimumab  efficiency in  systemic  lupus

activating factor in autoimmune disorders

Above mentioned discoveries demonstrate the
important role of B-lymphocytes activating
factor/APRIL system as well as of its receptors.
Hereby, anti-B-lymphocytes activating factor/APRIL
treatment could be a promising therapeutic approach
in such disorders [90].

Belimumab

Human immunoglobulin G1 lambda is targeting
dissoluble = B-lymphocytes  activating  factor,
suppressing its function and decreasing its levels. This
triggers apoptotic processes of auto-reactive B
lymphocytes, averting cellular self-reproduction and
proliferation.

Belimumab binds to soluble B-lymphocyte activating
factor (BAFF), preventing its association with
TNFRSF13B, B-cell maturation antigen, and the
BAFF receptor. This medicine does not affect
membrane-bounded B-lymphocytes activating factor
or other tumor necrosis factor superfamily members
[91,92].

This selectivity leads to a reduction in the number of
CD-20+ B cells, naive B cells, activated B
lymphocytes, and plasmablasts, while the number of
effector B cells remains unchanged. Conversely, it
elevated number of MBCs by 28" day of therapy, but
by 52" week of therapy they go back to baseline. This
discovery is linked to elevated expression of
TNFRSF13B by these cells [93]. Belimumab therapy
also considerably reduces concentrations of various
immunoglobulins and elevates complement, which
implies that this is a bioactive product that has a
response profile. Belimumab half-life is thirteen to
seventeen days, clearance 4+1,56 ml/day/kg, totally
eliminated after eight months, and a baseline of
68+20,8 ml/kg. Its pharmacokinetics depend on
dosage [94].

erythematosus treatment was observed in two phase 3
double blind RCTs in subjects with lupus
(SLEDAI>6), after which it was approved by the
FDA as an agent for lupus treatment [95,96].

Data on its safety and effectiveness over seven years
were collected from a cohort of 1,745 subjects with
annual follow-ups. A decrease in ABs and steroid-
sparing effect have been detected in these subjects
[97].

In rheumatoid arthritis, results from a phase 2
multicenter double-blind randomized controlled trial
(RCT) are now available, focusing on dosing in
subjects with severe rheumatoid arthritis who had
failed other 24-week therapies. Its results showed an
acceptable tolerability with amelioration in ACR20 at
twenty-four weeks, particularly in subjects with
positive rheumatoid factor, elevated disorder activity,
with no previous anti-tumor necrosis factor therapy
and in which methotrexate already failed [98,99].
Although, it did not show a considerable amelioration
in ACR-50 and ACR-70 responses with no
dosage/response interconnection.

In primary Sjogren's syndrome (SjS), the efficacy and
safety of belimumab at a dosage of 10 mg/kg
administered at weeks 0, 2, and 4, followed by
monthly doses for a total of 24 weeks, were evaluated
in a one-year prospective trial aimed at improving
sicca symptoms, systemic functions, and B-
lymphocyte markers. In 60% of subjects, the trial met
its goals, demonstrating a significant reduction in
ESSDATI scores from 8.8 to 6.3 (p=0.0015) and
improvement in gland function and parotitis.
However, there was no significant improvement in
salivary gland function or Schirmer's test results,
warranting further randomized controlled trials
(RCTs) [100-102].

In a cohort study in ten subjects of ten to fifty-two
weeks therapy, types of B lymphocytes and B-
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lymphocytes activating factor and its receptor
expression were evaluated. The results indicated an
increase in B cells in the bloodstream, along with
elevated levels of naive B cells and transitional B cells
(TrB), increased BAFF levels, and a reduction in the
expression of the BAFF receptor. Additionally, there
was a decrease in immunoglobulin concentrations,
rheumatoid factors, and antinuclear antibodies
(ANAs), along with an elevation of complement C4,
suggesting a normalization of B-lymphocyte
occurrence, phenotype, and function [103].

Overall, belimumab demonstrates significant clinical
efficacy in modulating the immune response across
various autoimmune disorders, particularly systemic
lupus erythematosus, rheumatoid arthritis, and
primary Sjogren's syndrome. Its mechanism of
selectively targeting soluble BAFF effectively reduces
auto-reactive B-cell populations while preserving
effector B cells, highlighting its potential to alter
disease activity and improve patient outcomes.
Clinical trials have reported favorable safety profiles,
improvements in disease markers, and specific
symptom alleviation, underscoring the need for
continued exploration of belimumab's applications in
autoimmune conditions. Future studies should focus
on optimizing treatment protocols and further
elucidating its long-term effects and benefits in diverse
patient populations.

Atacicept

Atacicept is a fusion protein with conformation by
extra-cellular TNFRSF13B receptor associated with
Fc site of human immunoglobulin G1, with affinity
for B-lymphocytes activating factor and APRIL.
Upon its binding to hetero-trimers and homo-trimers
of B-lymphocytes activating factor and APRIL, it
drains mature B-lymphocytes, effector B cells and
certain ABs in serum [104,105]. After 16 hours of
administration, it reaches its maximum serum
concentration. The concentration over time increases
proportionally to the dosage; however, the clinical
effect is relatively modest, while the safety profile is
robust, with only a 1.6% increase in infection rates
reported. In autoimmune disorders, this drug is linked
to fast decrease in immunoglobulin concentrations in
bloodstream, particularly immunoglobulin M after
the first administration [106,107]. In contrast to
belimumab, the suppression of APRIL leads to a
greater reduction in immunoglobulin concentrations.

Atacicept safety in systemic lupus erythematosus was
assessed in phase 1b trials [108,109]. Immunoglobulin
A, M and G concentrations and amount of B
lymphocytes were reduced depending on dosage.
Although, it was not confirmed in phase 2/3 trials
with  administration of corticosteroids and
mycophenolate mofetil in subjects with SLE nephritis.

Those trials were terminated because of an elevation
in infections frequency and a major reduction in
immunoglobulin concentrations [110-112].

In rheumatoid arthritis AUGUST trial assessed the
efficacy of this drug in subjects in which anti-tumor
necrosis factor alpha or methotrexate has failed. The
results demonstrated decreased concentrations of
immunoglobulin M, A, and G in serum, as well as
reduced levels of three types of rheumatoid factor,
erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), mature B cells, and effector B cells,
with no changes observed in anti-cyclic citrullinated
peptide concentrations [113,114]. Levels of T
lymphocytes or NK cells were not changed as well.
After the sixteenth week of therapy, levels of effector
B cells increased, while there were no changes
observed in mature B lymphocyte levels. This may be
due to the selective mobilization of effector B cells or
the rapid transformation of mature B cells into effector
B cells independently of BAFF and APRIL signaling
[115,116]. Immunoglobulin and rheumatoid factor
titre were reduced at first, although they returned to
baseline after thirteen weeks of therapy. There was
detected a higher decrease in immunoglobulin G and
A of the rheumatoid factor in comparison to the
concentrations of the same class of serum
immunoglobulin. The increased susceptibility of
antibodies to suppression by BAFF/APRIL may
explain this phenomenon [117,118].

Despite these findings, a more favorable response in
ACR20 and CRP levels was not observed during the
first twenty-six weeks when compared to the placebo
group, indicating that atacicept does not induce a
sufficient humoral immune response to achieve
clinical significance.

In rheumatoid arthritis, this drug has not reached it
outcomes, it has however showed good safety profile
and a considerable bioactivity. This may be attributed
to the inability of the drug to achieve sufficient
concentrations in joint fluid compared to serum,
indicating a need for additional local inhibition
strategies. Currently there are several trials being
conducted on this drug in various disorders [119,120].

In summary, Atacicept demonstrates potent activity
as a fusion protein targeting BAFF and APRIL, with
a robust safety profile but modest clinical efficacy in
treating autoimmune disorders such as systemic lupus
erythematosus and rheumatoid arthritis. While it
effectively reduces immunoglobulin concentrations
and B-cell populations, its impact on clinical
outcomes has been limited, necessitating
consideration of additional strategies to enhance its
therapeutic effectiveness. Ongoing trials will further
elucidate its potential across various autoimmune
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conditions.

Tabalumab

Tabalumab is an immunoglobulin G4 monoclonal
antibody that neutralizes both soluble and membrane-
bound forms of B-lymphocyte activating factor. Its
half-life is approximately twenty-five days. Its effects
include an increase in both mature and total B-
lymphocytes, followed by a gradual reduction starting
from the sixteenth week of therapy as serum drug
levels decrease and remain stable until approximately
the twenty-fourth week [121,122]. It shows a higher
selectivity for naive B cells in about sixty percent of
cases, while preserving mature B cells.
Immunoglobulin M levels are considerably reduced
compared to immunoglobulin G and A. No
considerable alterations in CRP or ESR were
detected. Currently, trials are underway for
rheumatoid arthritis, systemic lupus erythematosus,
end-stage kidney disease (ESKD), and multiple
myeloma [123,124].

In rheumatoid arthritis, this drug has not achieved its
intended outcomes by the sixteenth week of therapy.
A clinical response has been detected at the ninth
week, related to the highest concentration of
tabalumab. DAS28-CRP scores were reduced,
alongside a decrease in its efficacy and serum levels,
in a dose-independent manner. Its efficiency
compared to placebo group ranges from the same to
mildly higher after sixteenth week of therapy in
subjects in which disease-modifying antirheumatic
drugs and anti-tumor necrosis factor drugs have failed
[125,126].

Tabalumab is a monoclonal antibody targeting both
soluble and membrane-bound forms of BAFF,
demonstrating a favorable half-life and selectivity for
naive B cells. While it increases overall B-lymphocyte
counts initially, these levels decline after several weeks
of therapy. Current investigations are exploring its
efficacy in various autoimmune conditions, including
rheumatoid  arthritis and  systemic  lupus
erythematosus. Despite some initial clinical responses
observed in rheumatoid arthritis, its overall
effectiveness in achieving primary therapeutic goals
remains limited, warranting further research into its
long-term impact and applications.

Blisibimod

Blisibimod is a fusion protein produced using
Escherichia coli that targets both soluble and
membrane-bound B-lymphocyte activating factor. It
consists of a new binding region connected to N-
terminal end of immunoglobulin constant domain.
Blisibimod effectiveness has been assessed in subjects
with  active  systemic lupus erythematosus
(SLEDAI>6) in double-blind phase 2b RCT named

PEARL-SC (n=547) [127-129]. The primary
outcomes were defined at twenty-four weeks of
therapy, aiming for an improvement in the SLE
response index greater than 5. This outcome was not
fully achieved compared to the placebo group;
however, subjects receiving a higher dosage displayed
a greater response than those in the placebo group
(p=0.02). A significant reduction of protein in urine
(p<0.01) and anti-DNA levels was also observed,
along with an improvement in complement levels.
Phase 3 trials are yet to be conducted [130,131].

Blisibimod is an innovative therapeutic agent
designed to inhibit both soluble and membrane-bound
B-lymphocyte activating factor (BAFF), showing
promise in the treatment of systemic lupus
erythematosus (SLE). In the phase 2b PEARL-SC
clinical trial, while the primary outcome of improved
SLE response was not fully met, higher dosages of
Blisibimod resulted in a statistically significant
response  compared to  placebo.  Notable
improvements included reduced protein levels in
urine, decreased anti-DNA antibody levels, and
enhanced complement levels. These findings suggest
the potential for Blisibimod as a valuable treatment
option, warranting further investigation in upcoming
phase 3 trials to establish its efficacy and safety profile
in SLE management.

Effects of the anti-CD-20 depletion on B-
lymphocytes activating factor concentrations
Rituximab

Rituximab is a chimeric monoclonal antibody that
consists of a human immunoglobulin Glk heavy
chain paired with regions derived from mouse
immunoglobulin, specifically targeting human CD-
20. CD-20 is expressed from the stage of pre-B
lymphocytes through to memory B cells, but it is not
found on mature effector B cells. Rituximab has been
approved for B-lymphocyte lymphoma therapy. In
rheumatoid arthritis it was approved for treatment of
subjects in which anti-tumor necrosis factor drugs
have failed [132,133]. In systemic lupus
erythematosus, its effectiveness varies and is
particularly inconsistent in individuals who do not
respond to other therapies. This drug was assessed in
phase 2 studies (EXPLORER) and phase 3 studies
(LUNAR), although the results were not favorable.
The differences in assessment methods compared to
those used in belimumab trials may explain these
results, along with the heterogeneity among subjects
and variations in concomitant treatments that could
obscure the therapeutic effects [134,135].

Most subjects who received rituximab therapy exhibit
the following phases of B-lymphocyte kinetics:

In the first phase, B lymphocytes are completely
depleted, which correlates with a reduction in
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memory B cells and a gradual increase in naive B cells
and transitional B cells (trB) due to elevated
concentrations of B-lymphocyte activating factor.
This elevation occurs as a response to decreased
expression of BAFF receptors on B lymphocytes and
slower modulation of BAFF messenger RNA. The
clinical effectiveness of this drug results from the
reduction in the populations of transitional B cells,
naive B cells, activated B cells, and short-lived effector
B cells. The duration of this first phase varies based on
the concentrations of B-lymphocyte activating factor
and the restoration of B-lymphocyte counts, typically
lasting between six to twelve months [136].

The second phase, known as the reconstitution phase,
is characterized by the re-emergence of memory B
cells, which may indicate a recurrence of disease and
the need for retreatment in lupus patients [137,138].

It has been hypothesized that by depleting long-lived
effector B cells with rituximab and reducing
autoimmune B lymphocytes with belimumab, the
repopulation of the B lymphocyte compartment with

autoimmune effector B cells may be prevented. This
leads to a conclusion that such combined treatment
can have complementary activity. However, these
treatments may also prove to be incompatible, as the
risk of infection is increased in individuals with
depleted B lymphocytes. This theory is yet to be
assessed in clinical trials [139,140].

In summary, rituximab is a chimeric monoclonal
antibody targeting CD-20, approved for treating B-
lymphocyte lymphoma and rheumatoid arthritis in
cases unresponsive to anti-tumor necrosis factor
therapies. Its efficacy in systemic lupus erythematosus
is inconsistent and varies among patients. The drug
induces a two-phase response in B-lymphocyte
populations: an initial depletion phase followed by a
reconstitution phase marked by the resurgence of
memory B cells, potentially leading to disease
recurrence. The interplay between rituximab and
other treatments, such as belimumab, suggests a need
for further investigation to optimize therapeutic
strategies while considering the heightened risk of
infections in patients with reduced B-cell numbers.

Table 2: Therapies Targeting B-lymphocyte Activating Factor in Autoimmune Disorders

Therapy Mechanism of Action | Clinical Findings Indications References
Belimumab | Monoclonal antibody | - Reduces CD20+ B cells, | Approved for SLE; phase 2 | 91-103
targeting soluble | naive B cells, and activates | trials in RA and SjS
BAFF, reducing auto- | B cells.
reactive B cell survival | - Elevates MBCs initially,
but levels normalize by 52
weeks.
- Reduces

immunoglobulin  levels
and increases complement
Atacicept Fusion protein | - Quick decrease in| Assessed in SLE and RA; | 104-120
targeting BAFF and | immunoglobulin levels, | safety issues in SLE nephritis
APRIL, reducing | particularly IgM. trials

mature B cells and | - Solid safety profile with
certain antibodies in | minimal increase in
serum infection risk.

- Poor clinical efficacy
seen in trials

Tabalumab | Monoclonal antibody | - Elevates total B cells and | Under investigation for | 121-126

neutralizing  BAFF, | naive B cells but reduces | multiple autoimmune
affecting both soluble | IgM. diseases
and membrane-bound | - No significant alterations
forms in CRP or ESR; variable
efficacy in RA and SLE
trials
Blisibimod | Fusion protein | - Promising results in high- | Phase 2b trial for SLE; | 127-131
targeting both forms of | dose subjects, with | further studies needed
BAFF; not fully | improved anti-DNA
effective in reducing | responses; however,
autoimmune primary outcomes not
symptoms fully achieved.
- Reduces protein in urine
significantly
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Rituximab | Chimeric monoclonal | - Two phases of B cell | Approved for B-cell | 132-140
antibody targeting CD- | response observed: initial | lymphoma; used in
20, depleting B cells depletion followed by | refractory RA

gradual return of memory
B cells.

- Inconsistent effectiveness
in SLE and RA

Atacicept
Blisibimod

Atacicept Tabalumab Belimumab

APRIL Membrane BAFF Soluble BAFF

; A -‘__‘\'
2 "

| 2

TACI

Figure 1. Targets of BAFF and APRIL. Belimumab specifically inhibits soluble BAFF, which is capable of
interacting with all three receptors. Blisibimod addresses both membrane-bound and soluble forms of BAFF, while
Atacicept targets both BAFF and APRIL, leading to the downregulation of signaling through TACI, BCMA, and
BAFF-R.

CONCLUSION BAFF plays a central role in orchestrating the immune

response; however, its dysregulation can lead to
In conclusion, this review highlights the significant patho.lqgical conditiops. Targeting BAFE presents a
impact of B-lymphocyte activating factor (BAFF) on promising therapeutic strategy, as evidenced by
the development and progression of autoimmune emerging treatments that effecjtively modulate B-cell
diseases. By facilitating B-cell survival and activity, function in diseases like systemic lupus erythematosus
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and rheumatoid arthritis.

Looking ahead, additional research is crucial to fully
understand the complex interactions between BAFF,
APRIL, and their respective receptors, as well as how
genetic and environmental factors influence BAFF
expression and function. Understanding the long-term
effects of BAFF modulation through current and
future therapies will be vital for optimizing treatment
regimens and minimizing potential side -effects.
Additionally, exploring the role of BAFF in other
autoimmune disorders and its contribution to
comorbid conditions could provide valuable insights
into broader therapeutic applications.

Ultimately, a deeper insight into BAFF’s role in
immune regulation could pave the way for innovative
therapies, potentially leading to more targeted and
effective interventions that enhance patient outcomes
and improve the quality of life for individuals affected
by autoimmune disorders. As our understanding of
BAFF continues to evolve, it may well provide the
foundation for a new era in the management of
autoimmune diseases.

List of Abbreviations

BAFF — B-lymphocyte activating factor

TNF — tumor necrosis factor

TNFRSF13B - tumor necrosis factor receptor
superfamily, member 13B

BCMA - B-cell maturation antigen

AAbs — Autoantibodies

anti-DS-DNA antibodies — Anti-double stranded
DNA antibodies

Abs — antibodies

SLE - systemic lupus erythematosus

anti-Ro Abs - Anti-Ro antibodies

SjS - Sjogren syndrome

RF — rheumatoid factor

RA - rheumatoid arthritis

DCs — dendritic cells

MSCs — mesenchymal stem cells

ECs — endothelial cells

APRIL - A proliferation-inducing ligand
MBCs — memory B cells

NF-kappa — Nuclear factor kappa-light-chain-
enhancer of activated B cells

JNK Jun — N-terminal kinase

FDCs - Follicular dendritic cells

GCs — granulosa cells

IgM - Immunoglobulin M

TLR - Toll-like Receptor

NAs — natural antibodies

c¢DCs — Classical dendritic cells

CCL-2 - chemokine ligand 2

MZ B lymphocytes — Marginal-zone B cells
Tr2 B lymphocytes — Transitional B cells type 2
Trl B lymphocytes — Transitional B cells type 1

MDMs — missense mutations

FDA - “Food and Drug Administration”
RCT - randomized controlled trial

ACR — American College of Rheumatology
SDALI - Simplified Disease Activity Index
ANAs — Anti-nuclear antibodies

ESR - erythrocyte sedimentation rate

NK cells - natural killer cells

CRP - C-reactive protein

ESKD — End Stage Kidney Disease
DAS28 — Disease Activity Score 28.
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