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Abstract: As early commencement of inflammatory bowel disease (IBD) treatment has been shown
to substantially improve outcomes, it is of utmost importance to make a timely diagnosis of this
disease. Despite undisputed sensitivity of fecal calprotectin, the most widely accepted IBD biomarker,
in discriminating between irritable bowel syndrome (IBS) and IBD, as well as recognized role in
monitoring disease activity and response to therapy, perhaps the biggest setback of calprotectin use
in IBD is lack of specificity. Therefore, an additional biomarker in IBD is warranted. B-cell activating
factor (BAFF), a member of the tumor necrosis factor (TNF) superfamily, recently emerged as a viable
candidate for this role. So far, overproduction of BAFF has been observed in various autoimmune
diseases, most notably in systemic lupus erythematosus, where BAFF-inhibitor belimumab was
approved for treatment. As BAFF levels were also shown to correlate with indices of IBD, in this
review we aimed to summarize the current evidence with respect to the role of BAFF in diagnosis
and assessing the activity of IBD, as well as putative therapeutic implications that may arise from
exploring of this relation.

Keywords: B-cell activating factor; inflammatory bowel disease; calprotectin; biomarker; irritable
bowel syndrome; diagnosis

1. Introduction

Inflammatory bowel disease (IBD) is a chronic immunologically-mediated disease
at the intersection of complex interactions between genetics, environment and gut micro-
biota [1-3]. The two main representatives of IBD are ulcerative colitis (UC) and Crohn’s
disease (CD), each with a set of overlapping, but also with one of distinct clinical, patholog-
ical and immunological features. Notably, in the recent years, global prevalence of IBD has
increased, as the number of countries adopting “western lifestyle” is on the rise [4].

As early onset of IBD treatment has been shown to substantially improve outcomes, it
is of utmost importance to make a timely diagnosis of this disease [5]. In the contemporary
clinical setting, diagnosis of IBD is based on epidemiologic, clinical and genetic parameters,
and usually requires invasive, not to mention expensive, testing [6,7]. Bearing in mind the
effects of COVID-19 on global IBD management in terms of resources and epidemiological
measures, it is now even more important to establish an alternative noninvasive biomarker
for IBD patients [8]. The main utility of the putative diagnostic biomarker would be
to establish a more meticulous stratification of patients that will be referred to invasive
modalities for confirmation of IBD diagnosis. Furthermore, disease activity being an
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important guide in IBD therapeutic approach, it would be beneficial if biomarker levels
correlated with disease activity.

As the main crossroad of IBD development seems to lie in impaired inflammatory
response, most of the biomarkers are associated with immunological response [9]. Currently,
the most widely accepted IBD biomarker is fecal calprotectin, a calcium and zinc binding
protein, representing about 60% of soluble proteins of the cytoplasm of granulocytes [10].
Despite undisputed sensitivity in discriminating between irritable bowel syndrome (IBS)
and IBD, as well as recognized role in monitoring disease activity and response to therapy,
perhaps the biggest setback of calprotectin use in IBD is lack of specificity [11]. Namely,
many factors, such as age, diet, exercise, colonic cleansing, and fecal amount of mucus or
blood in stools, may influence fecal calprotectin levels [12-14]. Therefore, an additional
biomarker in IBD is warranted.

B-cell activating factor (BAFF), a member of the tumor necrosis factor (TNF) super-
family, recently emerged as a viable candidate for this role [15]. BAFF is predominantly
produced by myeloid cells (monocytes, macrophages, dendritic cells and neutrophils),
and its main role is regulation of mature B cell survival and differentiation into antibody-
producing plasma cells [16,17]. Overproduction of BAFF has been observed in various
autoimmune diseases, most notably in systemic lupus erythematosus (SLE), where BAFF-
inhibitor belimumab was approved for treatment [18]. Accordingly, accumulating data
suggests that BAFF serum and fecal levels are elevated in patients with IBD [15]. Moreover,
data obtained from colonic biopsies from IBD patients further supports involvement of
BAFF in IBD pathogenesis. Hence, we aimed to review the current evidence with respect to
the role of BAFF in diagnosis and disease activity of IBD, as well as putative therapeutic
implications that may arise from exploring of this relation.

2. BAFF Biology and Role in Other Diseases

BAFF is homotrimer transmembrane protein which belongs to the TNF ligand super-
family [19]. Upon cleavage by furin proteases, BAFF is released into circulation as a soluble
and biologically active 17-kDa protein [19]. BAFF binds to three distinct receptors, each
with distinctive expression patterns based on B cell development stages and related to
associated function of each: B cell maturation antigen (BCMA), transmembrane activator
and calcium-modulating and cyclophilin ligand interactor (TACI), and BAFF-receptor
(BR3) [20-23]. In the transitional B cell stage BR3 is the predominant receptor on naive
and memory B cells, and to some extent on T-cells, TACI on marginal zone B cells and
short-lived plasma cells, whereas BCMA is the principal receptor on long-lived plasma
cells (Figure 1) [24]. Under physiological conditions, the main producers of BAFF are
myeloid cells (monocytes, macrophages, neutrophils, mast cells, and dendritic cells) [25,26].
BAFF expression can be substantially upregulated upon stimulation with proinflammatory
cytokines, bacterial lipopolysaccharide (LPS) and toll-like receptor (TLR) activation [27,28].
Furthermore, non-myeloid cells such as T-cells and B-cells can also produce BAFF [29,30].
Finally, non-hematopoetic cells, such as stromal cells (but many others as well), were also
shown to produce BAFF, especially in autoimmune and malignant diseases [31].

It has so far been well-established that BAFF has an important role in the development
and function of immune cells. While B-cell function is the primary target of BAFF, other
constituents of immune system may be targeted as well. The principal roles of BAFF are
promoting of B-cell survival, maturation and regulation of B-cell function. B-cell survival
is achieved by decreasing the expression of pro-apoptotic (Bak, Blk, and Bim) molecules,
whilst increasing anti-apoptotic (Al, Bcl-2, Bel-xL, and Mcl-1) molecules [32,33]. Further-
more, BAFF favors the survival of high-affinity B-cell clones and activates class switch
recombination of immunoglobulins [34,35]. It has been demonstrated that overexpression
of BAFF in mice induces a significant expansion of activated B-cells and marginal zone
B-cells, as well as hypergammaglobulinemia and autoantibody production [36,37]. On
the other hand, BAFF co-stimulates T-cell activation and proliferation and promotes its
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Myeloid cell

* cleavage with furin proteases
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differentiation into effector cells [38]. Finally, BAFF promotes activation of both monocytes
and dendritic cells [31].
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Figure 1. BAFF receptors. Abbreviations: BAFF: B-cell activating factor; BCMA: B cell maturation
antigen; TACI: transmembrane activator and calcium-modulating and cyclophilin ligand interactor;
BR3: BAFF-receptor; IBD: inflammatory bowel disease; IL-2: interleukin 2.

The first line of evidence to imply involvement of BAFF in autoimmune pathogenesis
is the observation that BAFF transgenic mice develop features of autoimmune diseases,
most likely owing to increased survival signals to autoreactive B-cells [39]. Apart from
substantial amount of data obtained from preclinical experiments, multiple clinical studies
observed elevated levels of BAFF in specific tissues associated with the pathogenesis of
autoimmune diseases and malignancies (Figure 2). Specifically, BAFF expression has been
observed in salivary gland epithelial cells in Sjogren’s syndrome, fibroblast-like synovio-
cytes in the synovium of patients with rheumatoid arthritis, osteoclasts in patients with
multiple myeloma, astrocytes in patients with multiple sclerosis and in gut lavage fluid of
patients with food hypersensitivity [40-44]. Hence, it seems that under inflammatory condi-
tions cytokines induce the expression of BAFF by non-hematopoietic cells establishing local
milieu that could promote induction or alleviate perpetuation of inflammation. Accord-
ingly, serum levels of BAFF seem to be increased in several various autoimmune diseases,
such as rheumatoid arthritis, Sjogren’s syndrome, SLE, and IBD [45-48]. Further studies
demonstrated that the increased levels of serum BAFF were associated with increased
levels of autoantibodies in these diseases and correlated with disease activity in most
cases [45-48]. Notably, accumulating evidence suggests that BAFF may contribute to some
B-cell malignancies such as non-Hodgkin’s lymphoma, chronic lymphocytic leukemia and
multiple myeloma and that the role of BAFF in these malignancies may lie in its aberrant
expression and production in these circumstances [49-51].

Given its role in systemic autoimmune disorders, drugs targeting BAFF, such as beli-
mumab, atacicept, blisibimod and tabalumab, have recently become clinically approved
and commercially available for treatment of inflammatory disorders. It is however impor-
tant to address that albeit the monoclonal BAFF antibody belimumab was approved for
SLE treatment, having a low incidence of organ damage and an excellent safety profile,
most of the other BAFF inhibitors were much less effective in clinical trials. These results
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suggest redundancies in B-cell signaling pathways, and thus highlight the importance of
better understanding of BAFF role in autoimmune diseases before future clinical trials are
conducted [52,53].
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Figure 2. Involvement of BAFF in various diseases. Abbreviations: BAFF-R: B-cell activating factor
receptor; BCMA: B cell maturation antigen; TACI: transmembrane activator and calcium-modulating
and cyclophilin ligand interactor; CSF: cerebrospinal fluid; NHL: non-Hodgkin lymphoma; B-CLL:
B-Cell chronic lymphocytic leukemia; IBD: inflammatory bowel disease.

3. BAFF in IBD
3.1. Role of B-Cells in IBD

Despite myriad of distinct biological pathways have been implicated in its pathophys-
iology, it is generally believed that IBD is a result of a maladaptive immune response to
gut-resident commensal bacteria in a genetically susceptible host [54]. Inflammation in
CD seems to be mainly driven by Ty1 responses, whereas Ty,2 responses dominate the
pathobiology of UC [55]. Nevertheless, additional lymphocytes, such as innate lymphoid
cells and T},17 cells have also arisen as key players in the pathogenesis of IBD [56]. Specifi-
cally, abnormal pro-inflammatory CD4" T-cell responses mediated by effector Ty,1, Ty,2, or
T,17 cells disrupt homeostasis and causes IBD by outweighing anti-inflammatory CD4*
T-cell responses orchestrated by T regulatory (Treg) cells [57]. Even though T-cell system
is predominant in studies concerning the IBD pathogenesis and therapeutic approach,
emerging data suggest a role of B-cell lineage in IBD as well. Firstly, humoral homeostasis
seems to be impaired in IBD. For instance, it has been shown that production of functional,
dimeric immunoglobulin A (IgA) is impaired in patients with IBD [58]. As IgA exerts local
anti-inflammatory effects by coating commensal bacteria after undergoing transepithelial
translocation in gut, its depletion favors gut inflammation [59]. Moreover, B-cell expression
of the pro-inflammatory cytokine IL-8, as well as production of mucosal IgG in gut are up-
regulated in IBD, thereby further promoting inflammation [60,61]. Accordingly, expression
of both IL-8 and TLR-2 in IBD patients positively correlated with CD activity [61-63].

In murine IBD model, poorly regulated B-cells have been shown to exacerbate inflam-
mation by blocking Treg cell function [64,65]. Moreover, B-cells promote ileitis in UC by
producing epithelial cell-specific autoantibodies [64,66]. Mucosal IgG in IBD can be directed
against microbial elements, such as anti-saccharomyces-cerevisiae antibodies (ASCA) and
anti-flagellin antibodies, or autoantigens, such as anti-neutrophil cytoplasmic antibod-
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ies (ANCA) and anti-epithelial antibodies [67,68]. Notably, the role of anti-granulocyte
macrophage colony-stimulating factor (anti-GM-CSF) in IBD is fairly complex, yet the pres-
ence of anti-GM-CSF in the setting of IBD is associated with ileal phenotype and intricated
behavior of the disease [69]. The latter observation is in line with preclinical data, as NOD2
KO mice treated with anti-GM-CSF antibodies develop transmural ileitis subsequent to
NSAID exposure [69]. Alterations of the B-cell lineage in IBD are less obvious, and more
complex for that matter, than those associated with derangement of T-cell system [70]. Ac-
knowledgement of poor understanding of the complexity of B-cell responses in IBD allows
us to evaluate recently failed therapeutic attempts in UC involving the CD20-targeting
agent rituximab more critically [31]. Namely, negative outcomes of therapeutic approaches
including rituximab should not discourage from considering B-cells as potential therapeu-
tic target in IBD, especially since unresponsiveness to rituximab can be also observed in
certain cases of B-cell-related autoimmune disorders such as rheumatoid arthritis (RA) and
vasculitis [71,72]. For example, in certain group of patients, paradoxical pro-inflammatory
manifestations can occur subsequent to rituximab administration [73,74]. While dysfunc-
tional B-cell lineage can promote autoimmunity via autoreactive, long-lived plasma cells,
regulatory B-cells can attenuate inflammation too. For instance, anti-CD20-treated mice
deficient in peripheral B-cells failed to undergo spontaneous recovery and even devel-
oped chronic disease in a model of murine autoimmune encephalomyelitis [75,76]. In
addition, B-cells may produce anti-inflammatory IL-10 but may also promote the anti-
inflammatory effect of Treg cells [77]. Even more perplexing is the fact that tissue resident
plasma cells do not express CD20 and thus cannot be targeted by rituximab [78]. In the
setting of IBD, in vitro experiment showed that plasma cells subset expanded in the mu-
cosa of IBD patients and was resistant to rituximab-induced apoptosis [79]. Nevertheless,
evidence of rituximab in IBD is conflicting, as some studies showed that rituximab could
improve colonic inflammation, whereas case reports showed that rituximab could trigger
colitis [80-83]. In fact, a retrospective cohort study showed that patients on rituximab have
a sixfold increased risk of developing IBD compared to the general population [84]. Finally,
a phase II randomized controlled trial, in which effects of rituximab on UC patients was
assessed, showed no significant effect on inducing remission in moderately active UC not
responding to oral steroids with possible short-term response that was not sustained [80].

3.2. Pathophysiological Background of BAFF in IBD

Even though BAFF is widely considered as a cytokine affecting B-cells primarily, and
to a lesser extent T-cells, BAFF has been also shown to affect innate immunity by multiple
effector arms [85]. Namely, it has been well documented that BAFF improves human mono-
cyte survival, upregulates proinflammatory cytokine secretion, and positively regulates
secretion of multiple costimulatory molecules [86]. These findings may be important for
explaining the role of BAFF in IBD, as genome-wide association studies have highlighted
the importance of host innate immune responses to microbes in the pathogenesis of IBD [83].
Single nucleotide polymorphisms associated with increased risk of developing IBD were
identified in genes encoding microbial sensing and clearance, as well as integrating antimi-
crobial adaptive immune responses [87]. Accordingly, evidence suggests that macrophages
and dendritic cells residing in gastrointestinal system have important interactions with
the microbial environment, resolution of mucosal inflammation, proinflammatory tissue
injury, and induction of adaptive immune responses [88-90]. Despite the presence of BAFF
is most commonly associated with the induction of autoimmune inflammation, alterna-
tive function including induction of B regulatory cells that protect the intestinal mucosa
from inflammatory injury has also been explored [91]. It was recently demonstrated that
mice with DSS-colitis exhibit a persistent decrease in colonic CD5(+) regulatory B-cells
(Breg), suggesting that persistent altered mucosal B-cell population caused by chronic gut
inflammation may be involved in the pathogenesis of IBD [92]. These conclusions were
corroborated in a small-sample clinical study, as UC patients had significantly reduced
frequencies of CD5(+) Byeg in peripheral blood and intestinal tissues, accompanied by lower
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serum IL-10 levels [93]. In the same study, Mayo clinic scores, CRP, and ESR in UC patients
negatively correlated with the frequency of Breg and the IL-10 concentration. Nevertheless,
as we further discuss, BAFF serum levels positively correlate with clinical disease activity
and inflammatory biomarkers, thus indicating that the role of BAFF in IBD is primarily
proinflammatory [94]. Finally, the strongest evidence indicating contribution of BAFF to
IBD pathogenesis is data from colonic biopsies from UC and CD patients [94]. In colonic
bioptates of both UC and CD patients, mRNA and BAFF protein expression were higher
than in the control group. Furthermore, in inflamed regions of UC mucosa, upregulation of
BAFF was predominant in mononuclear cells residing in lamina propria [94].

Finally, an important link connecting BAFF with IBD is the Nuclear Factor kappa-
light-chain-enhancer of activated B-cells (NFkB), protein complex involved in control of
transcription of DNA in almost all mammalian cells [95]. In response to various pro-
inflammatory stimuli, NF«B activates and leads to in the increased expression of adhesion
molecules and chemokines by endothelial cells and in the tissue, thus favoring the re-
cruitment and activation of effector immune cells [96]. Multiple line of evidence suggests
important role of NF«B activation in IBD pathogenesis [97,98]. Activation of NFkB is
detected in both epithelial cells and macrophages from IBD patients and relates to the
intensity of inflammation [99]. Furthermore, administration of antisense phosphorothioate
oligonucleotides to the p65 subunit of NF«B has been shown to suppress colitis in mice
model of TNBS-induced colitis [100]. Finally, effectiveness of corticosteroid treatment
in IBD flares is in part owing to steroid-induced decrease of NF«B activation [101]. As
BAFF is capable of activating NF«B in lymphoid and myeloid cells via both canonical and
non-canonical pathway, thus promoting intestinal inflammation, it is plausible that NF«xB
is the missing link between BAFF and IBD [102].

The presented results, alongside the fact that fecal BAFF was increased in both adults
and children with inactive disease, it could be speculated that BAFF is not only related
to the disease flares but also to the pathogenetic substrate of IBD. However, whether the
alterative B-cells and antibodies production in IBD are related to high levels of BAFF remain
unclear. In order to answer this question, longitudinal studies are warranted.

3.3. Clinical Implications of BAFF in IBD

In light of the prominent role of BAFF in B-cells and autoimmunity, Zhang et al. sought
to explore the putative role of BAFF in management of IBD [94]. The principal aim of
that pivotal study was to determine the value of BAFF to discriminate patients with IBD
from healthy controls and patients with IBS by measuring BAFF serum and fecal levels,
as well as its mucosal expression. An additional aim was to establish whether there is
a correlation between BAFF and disease activity in IBD patients. It was demonstrated
that BAFF expression is increased in serum, feces and colonic mucosa of patients with
IBD when compared to controls. Moreover, in comparison to IBS patients, significantly
higher fecal BAFF concentrations were observed in patients with IBD, regardless of disease
activity, with fecal BAFF concentrations in IBS patients being identical to those of healthy
controls. In fact, for BAFF fecal levels above cut-off of 325 pg/mL, respectively. Even higher
sensitivity (90%) was observed for discrimination between active IBD and IBS/healthy
controls, which is in line with strong positive correlations observed between BAFF and
disease activity, TNF-a and IL-1f3 in patients with UC. The discriminative power of serum
BAFF had comparable specificity (93%), but markedly lower sensitivity (55%) than fecal
BAFF. Nevertheless, it appears that, following the reduction in disease activity, BAFF serum
levels return to values similar to that of healthy subjects rapidly, unlike BAFF levels in
feces which persist much longer. Thus, it is plausible that serum BAFF may be utilized in
monitoring the disease activity.

Clinical distinction between IBD and IBS is of utmost importance, as these two condi-
tions can present similar symptoms, but have very different underlying pathophysiology
and, more importantly, severity of consequences [103]. In the absence of additional symp-
toms indicating on IBD, such as rectal bleeding and systemic illness, it is very challenging
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to distinguish between the two. On the other hand, although it is a common practice, it
is not cost-effective to use colonoscopy as a part of diagnostic algorithm in the workup
of patients suspected of having IBS [104,105]. Moreover, colonoscopy is associated with
serious complications such as bleeding and perforations, adverse events related to the
anesthesia, and increased discomfort of patients [106]. Hence, it would be beneficial to
use sensitive and specific biomarker for IBD/IBS differentiation. So far, calprotectin has
been used for this purpose with relative success owing to sufficient sensitivity, yet what
calprotectin lacks is adequate specificity [107].

In this sense, Fu et al. compared the efficacy of fecal BAFF, calprotectin and fecal occult
blood test (FOBT) to find the “best non-invasive marker” [108]. The study showed that for
discriminating IBD from IBS, fecal BAFF > 227.3 pg/mL yielded 84% sensitivity and 100%
specificity, calprotectin > 50 ug/g yielded 76% sensitivity and 93% specificity whereas
FOBT yielded 65% sensitivity and 93% specificity. Moreover, combination of BAFF with
calprotectin yielded 94% sensitivity and 93% specificity, thus increasing the accuracy of
differential diagnosis. Notably, fecal BAFF concentration exhibited stronger correlation
with endoscopic inflammatory score in comparison to calprotectin in both UC (r = 0.69,
p < 0.0001 vs. r = 0.58, p < 0.0001) and CD (r = 0.58, p < 0.0001 vs. r = 0.52, p = 0.0003).
Accordingly, a separate study confirmed that fecal BAFF is more sensitive and specific in
predicting UC activity and severity than fecal calprotectin [109]. On a separate note, neither
fecal BAFF nor calprotectin showed significant correlation with Crohn’s Disease Activity
Index (CDAI) in CD patients, yet they both showed correlation with Mayo score in patients
with UC (r = 0.415 and 0.365, respectively). Furthermore, Xie et al. explored whether
BAFF can discriminate patients with IBD and malignancy from other gastrointestinal
diseases among population of patients presenting with abdominal discomfort [110]. It was
demonstrated that fecal BAFF was able to accurately distinguish patients with either IBD
or tumor from patients without any of these, giving a sensitivity of 85% and specificity of
91%. On the other hand, BAFF was also able to discriminate IBD from patients without
it with sensitivity of 89% and specificity of 77%. An important finding of this study is
that BAFF was found to be temperature-stable for 7 days and equally distributed in the
feces, thus implying that for BAFF measurement no specific storage conditions are required
and only a small number of samples are needed to accurately measure it. Altogether, the
above-noted results imply that BAFF could be used as a complementary biomarker in
diagnostic workup of patients with suspected IBD and that it may also be utilized as a
sensitive surrogate for assessment of endoscopic inflammation in IBD. Nevertheless, further
research is warranted to elucidate in deep the values of fecal BAFF in IBD clinical scenery,
such as whether fecal BAFF can be used to predict relapse in IBD patients in remission, as
shown in calprotectin [111].

Usefulness of BAFF in the setting of IBD has been explored in pediatric population
as well. The problem of IBD diagnosis and follow-up represents an even bigger challenge
children then among the adults. Firstly, colonoscopy is not easily accepted by children nor
caregivers compared to adults [112]. Moreover, currently no consensus was established
with regard to the definition of remission in pediatric IBD. The term “clinical remission” is
the most widely accepted term defined by composite scores based on clinical parameters
(abdominal pain, rectal bleeding, stool frequency and consistency, number of stools per 24 h,
nocturnal stools, activity level, weight). Notably, laboratory findings (ESR and albumin)
are used in the wPCDALI score exclusively. As multiple studies showed that there is a
discrepancy between the clinical remission and the laboratory, endoscopic and histologic
findings, there is a need for a comprehensive approach, including clinical, imaging, histo-
logic and laboratory parameters [113-115]. In a recent prospective study, Fodor et al. found
no differences in serum BAFF between IBD, IBS, and healthy group, yet they found that
fecal BAFF was higher in the IBD group in comparison to IBS and healthy group [116]. In
comparison of different types of IBD, it was shown that BAFF is higher in pediatric patients
with UC compared to CD patients. ROC curve analysis for fecal BAFF showed that with
cut-off of 16 pg/mL, sensitivity and specificity for discrimination between IBD and IBS in
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pediatric population is 51% and 93%, respectively. The observed lack of sensitivity could
be owing to the fact that only mild cases of IBD were included and limited number of
participants. Finally, as fecal BAFF was the highest in patients with increased calprotectin
levels, the authors proposed that fecal BAFF may be a promising marker in the evaluation
of the remission status in pediatric IBD.

Of note, in a recent study, Andreou et al. explored whether serum BAFF can serve as a
potential prognostic indicator of therapeutic response to Infliximab treatment in CD [117].
Baseline serum BAFF values were significantly higher in the responders’ group in compari-
son to non-responders to infliximab (610.03 & 167.55 pg/mL vs. 267.09 £ 107 pg/mL), with
both groups having higher serum levels than healthy controls (128.16 £ 70.10 pg/mL). In-
terestingly, after treatment with infliximab, serum BAFF levels reduced among responders,
and increased among non-responders, thus reaching similar values (333.40 & 178.75 pg/mL
vs. 438.58 £+ 180.01 pg/mL, p = 0.130). Unfortunately, the authors did not to interpret
these findings from pathophysiological standpoint. The reduction of BAFF in responders
is in accordance with the available data that suggests BAFF levels correlate with disease
activity, yet the observed increase among non-responders is rather perplexing and warrants
further research.

4. Future Directions and Conclusions

In conclusion, available data suggests that BAFF may become a biomarker of IBD in
the upcoming years. An ideal biomarker for IBD should be easy to perform, noninvasive
or minimally invasive, cheap, rapid, and reproducible. In addition, the putative diagnostic
biomarker should be able to identify individuals at risk of developing the disease and
reflect the disease activity. Notably, importance of biomarkers in IBD approach is crucial,
since colonoscopy as a diagnostic method is burdened by adverse effects, discomfort,
and insufficient cost-effectiveness and should therefore be reserved for patients with high
probability of disease exclusively. Since BAFF expressed favorable characteristics with
regard to sensitivity and specificity in discriminating between IBD and IBS, it is plausible
that it could be used as a part of diagnostic algorithm of IBD in the upcoming future (Table 1).
As fecal calprotectin has high sensitivity but markedly low specificity, and fecal BAFF exerts
variable sensitivity but consistently high specificity, it would be useful to combine these two
biomarkers in diagnostic approach to IBD. Although Fu et al. demonstrated incremental
diagnostic value when these two are combined, since all currently available studies were
conducted on a limited sample, further large-scale studies are warranted in order to confirm
these presumptions. Apart from diagnostic role, as serum BAFF was shown to correlate
with disease activity, returning to values similar to healthy subjects in inactive IBD, its
values may be used as supplemental indices of disease activity, especially in pediatric
population which is burdened by lack of precise definition of remission. In this notion,
fecal BAFF was also found to correlate with indices of inflammation in IBD, but with BAFF
levels returning to values of healthy subjects more slowly in comparison to serum levels.
Finally, respecting the pathogenetic role of BAFF in IBD and driven by the clinical success
of BAFF inhibitors in multiple autoimmune diseases, it is reasonable that targeting BAFF
could be a novel and unexplored strategy in IBD treatment.
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Table 1. Clinical studies concerning the role of BAFF in IBD.

Study Population Purpose Results
e  correlation between serum /fecal BAFF positive correlation between fecal BAFF
78 UC and UC) disease severity (Mayo score) and Mayo score (r = 0.425; p = 0.017)
Zhang et al. 37 CD e  discriminative value of fecal BAFF (IBD for fecal BAFF > 325 pg/mL: 84%
[94] 12 IBS from IBS/healthy controls) sensitivity and 96% specificity
44 HC e  expression and distribution of BAFF in higher expression of BAFF in both UC
intestinal mucosa (p =0.003) and CD (p = 0.045)
fecal BAFF >227.3 pg/mL: 84%
sensitivity and 100% specificity
calprotectin >50 ug/g: 76% sensitivity
o and 93% specificity
490C * dlscrlmlne}tlve value of fecal BAFF, FOBT, FOBT: 65% sensitivity and 93% specificity
Fu et al. 44 CD calprotectin (IBD from IBS) . o o
. . BAFF + calprotectin: 94% sensitivity and
[108] 27 IBS e  fecal BAFF and calprotectin correlation o I
with endoscopic inflammatory score 93% specificity
26 HC BAFF vs. calprotectin in UC: r = 0.69,
p < 0.0001 vs. r = 0.58, p < 0.0001
(correlation with endoscopic
inflammatory score)
Disease activity
@) Fecal BAFF > 47 ug/g: 97.5%
sensitivity and 100% specificity
Hussein et al . predictiveovalue (?f fecal BAFF vs. 0O Calprotectin > 50 pg/g: 90%
ussein et al. 50 UC * calprotectin for disease activity and sensitivity and 90% specificity
[109] severity in UC . .
Disease severity
@) Fecal BAFF (r =0.897, p < 0.001)
@) Calprotectin (r = 0.750, p < 0.001)
Fecal BAFF > 219.5 pg/g: 85% sensitivity
Xie et al. 148 ** discriminative value of fecal BAFF and 91% specificity ' . o
[110] 44 HC (IBD/malignancy from healthy control) BAFF and calprotectin: 92% sensitivity
and 61% specificity
32CD o e
Fodor et al. 16 UC discriminative value of fecal BAFF (IBD from fecal Bf‘FF > 16 Pg/ mL: 51% sensitivity
[116] 10 IBS IBS in pediatric population) and 93% specificity
26 HC
Serum BAFF in responders vs. non
responders to infliximab:
BAFF as a potential prognostic indicator of O Baseline: 610.03 + 167.55 pg/mL
Andreou et al. 112CD therapeutic response to Infliximab treatment in vs. 267.09 + 107 pg/mL
[117] 164 HC O After treatment:

CD

333.40 £+ 178.75 pg/mL vs.
438.58 £ 180.01 pg/mL, p = 0.130

* 40 with active UC and 10 with inactive UC ** 13 with gastric polyps, 47 gastritis, 11 peptic ulcer, 21 gastric cancer,
11 colorectal polyps, 12 UC, 16 CD, 17 colorectal cancer. Abbreviations: CD: Crohn’s disease; UC: ulcerative
colitis; HC: healthy controls; IBS: irritable bowel syndrome; BAFF: B-cell activating factor; IBD: inflammatory
bowel disease.



Diagnostics 2022, 12, 45 10 of 14

Author Contributions: ].B.,, M.K., D.M. and T.T.K. for conceptualization, original draft preparation,
and supervision; J.B., J.V.,, M.V,, PM.Z., D.M., A.B., LK.L. for review of literature and visualization.
All authors contributed to the final draft of the manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Brni¢, D.; Martinovic, D.; Zivkovic, PM.; Tokic, D.; Hadjina, I.T.; Rusic, D.; Vilovic, M.; Supe-Domic, D.; Tonkic, A.; Bozic, J. Serum
adropin levels are reduced in patients with inflammatory bowel diseases. Sci. Rep. 2020, 10, 9264. [CrossRef]

2. Zivkovic, PM.; Matetic, A.; Hadjina, I.T.; Rusic, D.; Vilovic, M.; Supe-Domic, D.; Borovac, J.A.; Mudnic, L; Tonkic, A.; Bozic, J.
Serum Catestatin Levels and Arterial Stiffness Parameters Are Increased in Patients with Inflammatory Bowel Disease. J. Clin.
Med. 2020, 9, 628. [CrossRef] [PubMed]

3. Lee, M,; Chang, E.B. Inflammatory Bowel Diseases (IBD) and the Microbiome-Searching the Crime Scene for Clues. Gastroenterol-
ogy 2021, 160, 524-537. [CrossRef] [PubMed]

4. Ng,S.C,; Shi, HY,; Hamidi, N.; Underwood, EE.; Tang, W.; Benchimol, E.I; Panaccione, R.; Ghosh, S.; Wu, ].C.Y.; Chan, FK.L.; et al.
Worldwide incidence and prevalence of inflammatory bowel disease in the 21st century: A systematic review of population-based
studies. Lancet 2017, 390, 2769-2778. [CrossRef]

5. Peyrin-Biroulet, L. Why should we define and target early Crohn’s disease? Gastroenterol. Hepatol. 2011, 7, 324-326.

6.  Satsangi, ].; Silverberg, M.S.; Vermeire, S.; Colombel, ].F. The Montreal classification of inflammatory bowel disease: Controversies,
consensus, and implications. Gut 2006, 55, 749-753. [CrossRef]

7. Langhorst, ]J.; Elsenbruch, S.; Koelzer, ]J.; Rueffer, A.; Michalsen, A.; Dobos, G.J. Noninvasive markers in the assessment of
intestinal inflammation in inflammatory bowel diseases: Performance of fecal lactoferrin, calprotectin, and PMN-elastase, CRP,
and clinical indices. Am. J. Gastroenterol. 2008, 103, 162-169. [CrossRef]

8.  Kumric, M.; Kurir, T.T.; Martinovic, D.; Zivkovic, PM.; Bozic, ]. Impact of the COVID-19 pandemic on inflammatory bowel
disease patients: A review of the current evidence. World J. Gastroenterol. 2021, 27, 3748-3761. [CrossRef]

9. Tindemans, I; Joosse, M.E.; Samsom, J.N. Dissecting the Heterogeneity in T-Cell Mediated Inflammation in IBD. Cells 2020, 9, 110.
[CrossRef]

10. Bromke, M.A.; Neubauer, K.; Kempiriski, R.; Krzystek-Korpacka, M. Faecal Calprotectin in Assessment of Mucosal Healing in
Adults with Inflammatory Bowel Disease: A Meta-Analysis. J. Clin. Med. 2021, 10, 2203. [CrossRef]

11. Mumolo, M.G,; Bertani, L.; Ceccarelli, L.; Laino, G.; Di Fluri, G.; Albano, E.; Tapete, G.; Costa, F. From bench to bedside: Fecal
calprotectin in inflammatory bowel diseases clinical setting. World ]. Gastroenterol. 2018, 24, 3681-3694. [CrossRef] [PubMed]

12.  Kolho, K.L.; Alfthan, H.; Himaéldinen, E. Effect of bowel cleansing for colonoscopy on fecal calprotectin levels in pediatric patients.
J. Pediatr. Gastroenterol. Nutr. 2012, 55, 751-753. [CrossRef] [PubMed]

13. Poullis, A.; Foster, R.; Shetty, A.; Fagerhol, M.K.; Mendall, M.A. Bowel inflammation as measured by fecal calprotectin: A link
between lifestyle factors and colorectal cancer risk. Cancer Epidemiol. Biomark. Prev. 2004, 13, 279-284. [CrossRef] [PubMed]

14. Calafat, M.; Cabré, E.; Mafiosa, M.; Lobaton, T.; Marin, L.; Domenech, E. High within-day variability of fecal calprotectin levels
in patients with active ulcerative colitis: What is the best timing for stool sampling? Inflamm. Bowel Dis. 2015, 21, 1072-1076.
[CrossRef] [PubMed]

15.  Striz, I. B Cell-Activating Factor (BAFF) in Inflammatory Bowel Disease: BAFFling No Longer? Dig. Dis. Sci. 2016, 61, 2456-2458.
[CrossRef]

16. Sun, M.; He, C,; Cong, Y.; Liu, Z. Regulatory immune cells in regulation of intestinal inflammatory response to microbiota.
Mucosal Immunol. 2015, 8, 969-978. [CrossRef]

17.  Scheinberg, M.A.; Hislop, C.M.; Martin, R.S. Blisibimod for treatment of systemic lupus erythematosus: With trials you become
wiser. Expert Opin. Biol. Ther. 2016, 16, 723-733. [CrossRef]

18. Blair, H.A.; Duggan, S.T. Belimumab: A Review in Systemic Lupus Erythematosus. Drugs 2018, 78, 355-366. [CrossRef]

19. Hengeveld, PJ.; Kersten, M.]. B-cell activating factor in the pathophysiology of multiple myeloma: A target for therapy? Blood
Cancer J. 2015, 5, €282. [CrossRef]

20. Gross, J.A.; Johnston, J.; Mudri, S.; Enselman, R.; Dillon, S.R.; Madden, K.; Xu, W.; Parrish-Novak, J.; Foster, D.; Lofton-Day, C.;
et al. TACI and BCMA are receptors for a TNF homologue implicated in B-cell autoimmune disease. Nature 2000, 404, 995-999.
[CrossRef]

21. Medema, J.P; Planelles-Carazo, L.; Hardenberg, G.; Hahne, M. The uncertain glory of APRIL. Cell Death Differ. 2003, 10, 1121-1125.

[CrossRef]


http://doi.org/10.1038/s41598-020-66254-9
http://doi.org/10.3390/jcm9030628
http://www.ncbi.nlm.nih.gov/pubmed/32110996
http://doi.org/10.1053/j.gastro.2020.09.056
http://www.ncbi.nlm.nih.gov/pubmed/33253681
http://doi.org/10.1016/S0140-6736(17)32448-0
http://doi.org/10.1136/gut.2005.082909
http://doi.org/10.1111/j.1572-0241.2007.01556.x
http://doi.org/10.3748/wjg.v27.i25.3748
http://doi.org/10.3390/cells9010110
http://doi.org/10.3390/jcm10102203
http://doi.org/10.3748/wjg.v24.i33.3681
http://www.ncbi.nlm.nih.gov/pubmed/30197475
http://doi.org/10.1097/MPG.0b013e31825f4c77
http://www.ncbi.nlm.nih.gov/pubmed/22614113
http://doi.org/10.1158/1055-9965.EPI-03-0160
http://www.ncbi.nlm.nih.gov/pubmed/14973103
http://doi.org/10.1097/MIB.0000000000000349
http://www.ncbi.nlm.nih.gov/pubmed/25793326
http://doi.org/10.1007/s10620-016-4231-1
http://doi.org/10.1038/mi.2015.49
http://doi.org/10.1517/14712598.2016.1169270
http://doi.org/10.1007/s40265-018-0872-z
http://doi.org/10.1038/bcj.2015.3
http://doi.org/10.1038/35010115
http://doi.org/10.1038/sj.cdd.4401291

Diagnostics 2022, 12, 45 11 of 14

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Wu, Y,; Bressette, D.; Carrell, J.A.; Kaufman, T.; Feng, P,; Taylor, K.; Gan, Y.; Cho, Y.H.; Garcia, A.D.; Gollatz, E.; et al. Tumor
necrosis factor (TNF) receptor superfamily member TACI is a high affinity receptor for TNF family members APRIL and BLyS. J.
Biol. Chem. 2000, 275, 35478-35485. [CrossRef] [PubMed]

Thompson, ].S.; Bixler, S.A.; Qian, E; Vora, K.; Scott, M.L.; Cachero, T.G.; Hession, C.; Schneider, P.; Sizing, I.D.; Mullen, C.; et al.
BAFF-R, a newly identified TNF receptor that specifically interacts with BAFE. Science 2001, 293, 2108-2111. [CrossRef]
Woodland, R.T.; Fox, C.J.; Schmidt, M.R.; Hammerman, P.S.; Opferman, J.T.; Korsmeyer, S.J.; Hilbert, D.M.; Thompson, C.B.
Multiple signaling pathways promote B lymphocyte stimulator dependent B-cell growth and survival. Blood 2008, 111, 750-760.
[CrossRef] [PubMed]

Mackay, F.; Schneider, P. Cracking the BAFF code. Nat. Rev. Immunol. 2009, 9, 491-502. [CrossRef] [PubMed]

Striz, I.; Brabcova, E.; Kolesar, L.; Sekerkova, A. Cytokine networking of innate immunity cells: A potential target of therapy. Clin.
Sci. 2014, 126, 593-612. [CrossRef]

Huard, B.; Arlettaz, L.; Ambrose, C.; Kindler, V.; Mauri, D.; Roosnek, E.; Tschopp, J.; Schneider, P.; French, L.E. BAFF production
by antigen-presenting cells provides T cell co-stimulation. Int. Immunol. 2004, 16, 467—475. [CrossRef]

Boulé, M.W.; Broughton, C.; Mackay, F.; Akira, S.; Marshak-Rothstein, A.; Rifkin, I.R. Toll-like receptor 9-dependent and
independent dendritic cell activation by chromatin-immunoglobulin G complexes. J. Exp Med. 2004, 199, 1631-1640. [CrossRef]
Chu, V.T,; Enghard, P.,; Riemekasten, G.; Berek, C. In vitro andin vivo activation induces BAFF and APRIL expression in B cells. .
Immunol. 2007, 179, 5947-5957. [CrossRef]

Gorelik, L.; Gilbride, K.; Dobles, M.; Kalled, S.L.; Zandman, D.; Scott, M.L. Normal B cell homeostasis requires B cell activation
factor production by radiation-resistant cells. J. Exp. Med. 2003, 198, 937-945. [CrossRef]

Uzzan, M.; Colombel, J.E; Cerutti, A.; Treton, X.; Mehandru, S. B Cell-Activating Factor (BAFF)-Targeted B Cell Therapies in
Inflammatory Bowel Diseases. Dig. Dis. Sci. 2016, 61, 3407-3424. [CrossRef]

Moore, P.A ; Belvedere, O.; Orr, A,; Pieri, K.; LaFleur, D.W.; Feng, P.; Soppet, D.; Charters, M.; Gentz, R.; Parmelee, D.; et al. BLyS:
Member of the tumor necrosis factor family and B lymphocyte stimulator. Science 1999, 285, 260-263. [CrossRef]

Hsu, B.L.; Harless, S.M.; Lindsley, R.C.; Hilbert, D.M.; Cancro, M.P. Cutting edge: BLyS enables survival of transitional and
mature B cells through distinct mediators. . Immunol. 2002, 168, 5993-5996. [CrossRef] [PubMed]

Mackay, E.; Woodcock, S.A.; Lawton, P.; Ambrose, C.; Baetscher, M.; Schneider, P.; Tschopp, J.; Browning, J.L. Mice transgenic
for BAFF develop lymphocytic disorders along with autoimmune manifestations. J. Exp. Med. 1999, 190, 1697-1710. [CrossRef]
[PubMed]

Thompson, J.S.; Schneider, P; Kalled, S.L.; Wang, L.; Lefevre, E.A.; Cachero, T.G.; MacKay, F; Bixler, S.A.; Zafari, M.; Liu, Z.Y,;
et al. BAFF binds to the tumor necrosis factor receptor-like molecule B cell maturation antigen and is important for maintaining
the peripheral B cell population. J. Exp. Med. 2000, 192, 129-135. [CrossRef] [PubMed]

Sandborn, W.J. Serologic markers in inflammatory bowel disease: State of the art. Rev. Gastroenterol. Disord. 2004, 4, 167-174.
[PubMed]

Abokor, A.A.; McDaniel, G.H.; Golonka, R.M.; Campbell, C.; Brahmandam, S.; Yeoh, B.S.; Joe, B.; Vijay-Kumar, M.; Saha, P.
Immunoglobulin A, an Active Liaison for Host-Microbiota Homeostasis. Microorganisms 2021, 9, 2117. [CrossRef]

Mackay, E; Leung, H. The role of the BAFF/APRIL system on T cell function. Semin. Immunol. 2006, 18, 284-289. [CrossRef]
Groom, ].; Kalled, S.L.; Cutler, A.H.; Olson, C.; Woodcock, S.A.; Schneider, P.; Tschopp, J.; Cachero, T.G.; Batten, M.; Wheway;, J.;
et al. Association of BAFF/ BLyS overexpression and altered B cell differentiation with Sjogren’s syndrome. J. Clin. Investig. 2002,
109, 59-68. [CrossRef]

Lied, G.A; Lillestel, K.; Valeur, ].; Berstad, A. Intestinal B cell-activating factor: An indicator of non-IgE-mediated hypersensitivity
reactions to food? Aliment. Pharmacol. Ther. 2010, 32, 66-73. [CrossRef]

Ohata, J.; Zvaifler, N.J.; Nishio, M.; Boyle, D.L.; Kalled, S.L.; Carson, D.A.; Kipps, T.J. Fibroblast-like synoviocytes of mesenchymal
origin express functional B cell-activating factor of the TNF family in response to proinflammatory cytokines. J. Immunol. 2005,
174, 864-870. [CrossRef] [PubMed]

Ittah, M.; Miceli-Richard, C.; Eric Gottenberg, J.; Lavie, F; Lazure, T.; Ba, N.; Sellam, ].; Lepajolec, C.; Mariette, X. B cell-activating
factor of the tumor necrosis factor family (BAFF) is expressed under stimulation by interferon in salivary gland epithelial cells in
primary Sjogren’s syndrome. Arthritis Res. Ther. 2006, 8, R51. [CrossRef] [PubMed]

Abe, M.; Kido, S.; Hiasa, M.; Nakano, A.; Oda, A.; Amou, H.; Matsumoto, T. BAFF and APRIL as osteoclast derived survival
factors for myeloma cells: A rationale for TACI-Fc treatment in patients with multiple myeloma. Leukemia 2006, 20, 1313-1315.
[CrossRef] [PubMed]

Thangarajh, M.; Gomes, A.; Masterman, T.; Hillert, J.; Hjelmstrom, P. Expression of B-cell-activating factor of the TNF family
(BAFF) and its receptors in multiple sclerosis. J. Neuroimmunol. 2004, 152, 183-190. [CrossRef]

Cheema, G.S.; Roschke, V.; Hilbert, D.M.; Stohl, W. Elevated serum B lymphocyte stimulator levels in patients with systemic
immune based rheumatic diseases. Arthritis Rheum. 2001, 44, 1313-1319. [CrossRef]

Seyler, TM.; Park, YW.; Takemura, S.; Bram, R.J.; Kurtin, PJ.; Goronzy, ].J.; Weyand, C.M. BLyS and APRIL in rheumatoid arthritis.
J. Clin. Investig. 2005, 115, 3083-3092. [CrossRef] [PubMed]

Mariette, X.; Roux, S.; Zhang, J.; Bengoufa, D.; Lavie, E; Zhou, T.; Kimberly, R. The level of BLyS (BAFF) correlates with the titre
of autoantibodies in human Sjogren’s syndrome. Ann. Rheum. Dis. 2003, 62, 168-171. [CrossRef]


http://doi.org/10.1074/jbc.M005224200
http://www.ncbi.nlm.nih.gov/pubmed/10956646
http://doi.org/10.1126/science.1061965
http://doi.org/10.1182/blood-2007-03-077222
http://www.ncbi.nlm.nih.gov/pubmed/17942753
http://doi.org/10.1038/nri2572
http://www.ncbi.nlm.nih.gov/pubmed/19521398
http://doi.org/10.1042/CS20130497
http://doi.org/10.1093/intimm/dxh043
http://doi.org/10.1084/jem.20031942
http://doi.org/10.4049/jimmunol.179.9.5947
http://doi.org/10.1084/jem.20030789
http://doi.org/10.1007/s10620-016-4317-9
http://doi.org/10.1126/science.285.5425.260
http://doi.org/10.4049/jimmunol.168.12.5993
http://www.ncbi.nlm.nih.gov/pubmed/12055205
http://doi.org/10.1084/jem.190.11.1697
http://www.ncbi.nlm.nih.gov/pubmed/10587360
http://doi.org/10.1084/jem.192.1.129
http://www.ncbi.nlm.nih.gov/pubmed/10880534
http://www.ncbi.nlm.nih.gov/pubmed/15580151
http://doi.org/10.3390/microorganisms9102117
http://doi.org/10.1016/j.smim.2006.04.005
http://doi.org/10.1172/JCI0214121
http://doi.org/10.1111/j.1365-2036.2010.04314.x
http://doi.org/10.4049/jimmunol.174.2.864
http://www.ncbi.nlm.nih.gov/pubmed/15634908
http://doi.org/10.1186/ar1912
http://www.ncbi.nlm.nih.gov/pubmed/16507175
http://doi.org/10.1038/sj.leu.2404228
http://www.ncbi.nlm.nih.gov/pubmed/16617317
http://doi.org/10.1016/j.jneuroim.2004.03.017
http://doi.org/10.1002/1529-0131(200106)44:6&lt;1313::AID-ART223&gt;3.0.CO;2-S
http://doi.org/10.1172/JCI25265
http://www.ncbi.nlm.nih.gov/pubmed/16239971
http://doi.org/10.1136/ard.62.2.168

Diagnostics 2022, 12, 45 12 of 14

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Szodoray, P; Jonsson, R. The BAFF/APRIL system in systemic autoimmune diseases with a special emphasis on Sjogren’s
syndrome. Scand. J. Immunol. 2005, 62, 421-428. [CrossRef] [PubMed]

Novak, A.].; Grote, D.M.; Stenson, M.; Ziesmer, S.C.; Witzig, T.E.; Habermann, T.M.; Harder, B.; Ristow, K.M.; Bram, R.J;
Jelinek, D.E; et al. Expression of BLyS and its receptors in B-cell non-Hodgkin lymphoma: Correlation with disease activity and
patient outcome. Blood 2004, 104, 2247-2253. [CrossRef]

Kern, C.; Cornuel, J.E; Billard, C.; Tang, R.; Rouillard, D.; Stenou, V.; Defrance, T.; Ajchenbaum-Cymbalista, F.; Simonin, P.Y,;
Feldblum, S.; et al. Involvement of BAFF and APRIL in the resistance to apoptosis of B-CLL through an autocrine pathway. Blood
2004, 103, 679-688. [CrossRef]

Novak, A.J.; Darce, ].R.; Arendt, B.K.; Harder, B.; Henderson, K.; Kindsvogel, W.; Gross, J.A.; Greipp, PR.; Jelinek, D.F. Expression
of BCMA, TACI, and BAFF-R in multiple myeloma: A mechanism for growth and survival. Blood 2004, 103, 689-694. [CrossRef]
[PubMed]

Krumbholz, M.; Theil, D.; Derfuss, T.; Rosenwald, A.; Schrader, E.; Monoranu, C.M.; Kalled, S.L.; Hess, D.M.; Serafini, B.;
Aloisi, F,; et al. BAFF is produced by astrocytes and up-regulated in multiple sclerosis lesions and primary central nervous system
lymphoma. J. Exp. Med. 2005, 201, 195-200. [CrossRef] [PubMed]

Ng, L.G,; Sutherland, A.P,; Newton, R.; Qian, F; Cachero, T.G.; Scott, M.L.; Thompson, ].S.; Wheway, J.; Chtanova, T.; Groom, J.;
et al. B cell-activating factor belonging to the TNF family (BAFF)-R is the principal BAFF receptor facilitating BAFF costimulation
of circulating T and B cells. . Immunol. 2004, 173, 807-817. [CrossRef] [PubMed]

Zhang, Y.Z.; Li, Y.Y. Inflammatory bowel disease: Pathogenesis. World J. Gastroenterol. 2014, 20, 91-99. [CrossRef] [PubMed]
Schirbel, A.; Fiocchi, C. Inflammatory bowel disease: Established and evolving considerations on its etiopathogenesis and therapy.
J. Dig. Dis. 2010, 11, 266-276. [CrossRef]

Zhao, J.; Lu, Q,; Liu, Y;; Shi, Z.; Hu, L.; Zeng, Z.; Tu, Y.; Xiao, Z.; Xu, Q. Th17 Cells in Inflammatory Bowel Disease: Cytokines,
Plasticity, and Therapies. J. Immunol. Res. 2021, 2021, 8816041. [CrossRef]

Yan, J.B.; Luo, M.M.; Chen, Z.Y.; He, B.H. The Function and Role of the Th17/Treg Cell Balance in Inflammatory Bowel Disease. J.
Immunol. Res. 2020, 2020, 8813558. [CrossRef]

Ware, C.F. Decoy receptors thwart B cells. Nature 2000, 404, 949-950. [CrossRef]

Okai, S.; Usui, F,; Ohta, M.; Mori, H.; Kurokawa, K.; Matsumoto, S.; Kato, T.; Miyauchi, E.; Ohno, H.; Shinkura, R. Intestinal IgA
as a modulator of the gut microbiota. Gut Microbes. 2017, 8, 486—492. [CrossRef]

Yu, G.; Boone, T.; Delaney, J.; Hawkins, N.; Kelley, M.; Ramakrishnan, M.; McCabe, S.; Qiu, W.R.; Kornuc, M.; Xia, X.Z.; et al.
APRIL and TALL-I and receptors BCMA and TACI: System for regulating humoral immunity. Nat. Immunol. 2000, 1, 252-256.
[CrossRef]

Do, RK.; Chen-Kiang, S. Mechanism of BLyS action in B cell immunity. Cytokine Growth Factor Rev. 2002, 13, 19-25. [CrossRef]
Morimoto, M.; Watanabe, T.; Yamori, M.; Takebe, M.; Wakatsuki, Y. Isoflavones regulate innate immunity and inhibit experimental
colitis. |. Gastroenterol. Hepatol. 2009, 24, 1123-1129. [CrossRef]

McDonnell, M; Liang, Y.; Noronha, A.; Coukos, J.; Kasper, D.L.; Farraye, F.A.; Ganley-Leal, L.M. Systemic Toll-like receptor
ligands modify B-cell responses in human inflammatory bowel disease. Inflamm. Bowel Dis. 2011, 17, 298-307. [CrossRef]
Goetz, M.; Atreya, R.; Ghalibafian, M.; Galle, PR.; Neurath, M.E. Exacerbation of ulcerative colitis after rituximab salvage therapy.
Inflamm. Bowel Dis. 2007, 13, 1365-1368. [CrossRef] [PubMed]

Olson, T.S.; Bamias, G.; Naganuma, M.; Rivera-Nieves, J.; Burcin, T.L.; Ross, W.; Morris, M.A.; Pizarro, T.T.; Ernst, P.B,;
Cominelli, F; et al. Expanded B cell population blocks regulatory T cells and exacerbates ileitis in a murine model of Crohn
disease. J. Clin. Investig. 2004, 114, 389-398. [CrossRef] [PubMed]

Takahasi, F; Shah, H.S.; Wise, L.S.; Das, K.M. Circulating antibodies against human colonic extract enriched with a 40 kDa protein
in patients with ulcerative colitis. Gut 1990, 31, 1016-1020. [CrossRef]

Chao, L.P; Steele, J.; Rodrigues, C.; Lennard-Jones, J.; Stanford, J.L.; Spiliadis, C.; Rook, G.A. Specificity of antibodies secreted by
hybridomas generated from activated B cells in the mesenteric lymph nodes of patients with inflammatory bowel disease. Gut
1988, 29, 35-40. [CrossRef]

Russell, M.W.; Reinholdyt, J.; Kilian, M. Anti-inflammatory activity of human IgA antibodies and their Faba fragments: Inhibition
of IgG-mediated complement activation. Eur. J. Immunol. 1989, 19, 2243-2249. [CrossRef]

Han, X.; Uchida, K.; Jurickova, I.; Koch, D.; Willson, T.; Samson, C.; Bonkowski, E.; Trauernicht, A.; Kim, M.O.; Tomer, G.;
et al. Granulocyte-macrophage colony-stimulating factor autoantibodies in murine ileitis and progressive ileal Crohn’s disease.
Gastroenterology 2009, 136, 1261-1271. [CrossRef]

Larabi, A.; Barnich, N.; Nguyen, H.T.T. New insights into the interplay between autophagy, gut microbiota and inflammatory
responses in IBD. Autophagy 2020, 16, 38-51. [CrossRef]

Selmi, C.; Generali, E.; Massarotti, M.; Bianchi, G.; Sciré, C.A. New treatments for inflammatory rheumatic disease. Immunol. Res.
2014, 60, 277-288. [CrossRef] [PubMed]

Dumoitier, N.; Terrier, B.; London, J.; Lofek, S.; Mouthon, L. Implication of B lymphocytes in the pathogenesis of ANCA-associated
vasculitides. Autoimmun. Rev. 2015, 14, 996-1004. [CrossRef] [PubMed]

Jayasekera, P,; Parslew, R.; Al-Shargi, A. A case of tumour necrosis factor-a inhibitor- and rituximab-induced plantar pustular
psoriasis that completely resolved with tocilizumab. Br. J. Dermatol. 2014, 171, 1546-1549. [CrossRef] [PubMed]


http://doi.org/10.1111/j.1365-3083.2005.01688.x
http://www.ncbi.nlm.nih.gov/pubmed/16305638
http://doi.org/10.1182/blood-2004-02-0762
http://doi.org/10.1182/blood-2003-02-0540
http://doi.org/10.1182/blood-2003-06-2043
http://www.ncbi.nlm.nih.gov/pubmed/14512299
http://doi.org/10.1084/jem.20041674
http://www.ncbi.nlm.nih.gov/pubmed/15642740
http://doi.org/10.4049/jimmunol.173.2.807
http://www.ncbi.nlm.nih.gov/pubmed/15240667
http://doi.org/10.3748/wjg.v20.i1.91
http://www.ncbi.nlm.nih.gov/pubmed/24415861
http://doi.org/10.1111/j.1751-2980.2010.00449.x
http://doi.org/10.1155/2021/8816041
http://doi.org/10.1155/2020/8813558
http://doi.org/10.1038/35010263
http://doi.org/10.1080/19490976.2017.1310357
http://doi.org/10.1038/79802
http://doi.org/10.1016/S1359-6101(01)00025-9
http://doi.org/10.1111/j.1440-1746.2008.05714.x
http://doi.org/10.1002/ibd.21424
http://doi.org/10.1002/ibd.20215
http://www.ncbi.nlm.nih.gov/pubmed/17604367
http://doi.org/10.1172/JCI200420855
http://www.ncbi.nlm.nih.gov/pubmed/15286805
http://doi.org/10.1136/gut.31.9.1016
http://doi.org/10.1136/gut.29.1.35
http://doi.org/10.1002/eji.1830191210
http://doi.org/10.1053/j.gastro.2008.12.046
http://doi.org/10.1080/15548627.2019.1635384
http://doi.org/10.1007/s12026-014-8565-5
http://www.ncbi.nlm.nih.gov/pubmed/25381481
http://doi.org/10.1016/j.autrev.2015.06.008
http://www.ncbi.nlm.nih.gov/pubmed/26143354
http://doi.org/10.1111/bjd.13146
http://www.ncbi.nlm.nih.gov/pubmed/24890762

Diagnostics 2022, 12, 45 13 of 14

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.
92.

93.
94.
95.
96.
97.

98.
99.

100.

101.

Fiorillo, L.; Wang, C.; Hemmati, I. Rituximab induced psoriasis in an infant. Pediatr. Dermatol. 2014, 31, e149—e151. [CrossRef]
[PubMed]

Wolf, S.D.; Dittel, B.N.; Hardardottir, F; Janeway, C.A. Experimental autoimmune encephalomyelitis induction in genetically B
cell-deficient mice. J. Exp. Med. 1996, 184, 2271-2278. [CrossRef]

Ray, A.; Mann, M.K,; Basu, S.; Dittel, B.N. A case for regulatory B cells in controlling the severity of autoimmune-mediated
inflammation in experimental autoimmune encephalomyelitis and multiple sclerosis. J. Neuroimmunol. 2011, 230, 1-9. [CrossRef]
Ray, A.; Basu, S.; Williams, C.B.; Salzman, N.H.; Dittel, B.N. A novel IL-10-independent regulatory role for B cells in suppressing
autoimmunity by maintenance of regulatory T cells via GITR ligand. . Immunol. 2012, 188, 3188-3198. [CrossRef] [PubMed]
He, Y.; Shimoda, M.; Ono, Y.; Villalobos, I.B.; Mitra, A.; Konia, T.; Grando, S.A.; Zone, ].J.; Maverakis, E. Persistence of autoreactive
IgA-secreting B cells despite multiple immunosuppressive medications including Rituximab. JAMA Dermatol. 2015, 151, 646-650.
[CrossRef]

Cupi, M.L,; Sarra, M.; Marafini, I.; Monteleone, I.; Franze, E.; Ortenzi, A.; Colantoni, A.; Sica, G.; Sileri, P.; Rosado, M.M.; et al.
Plasma cells in the mucosa of patients with inflammatory bowel disease produce granzyme B and possess cytotoxic activities. J.
Immunol. 2014, 192, 6083-6091. [CrossRef]

Leiper, K.; Martin, K,; Ellis, A.; Subramanian, S.; Watson, A.J.; Christmas, S.E.; Howarth, D.; Campbell, F; Rhodes, ].M.
Randomised placebo-controlled trial of rituximab (anti-CD20) in active ulcerative colitis. Gut 2011, 60, 1520-1526. [CrossRef]
Swaminath, A.; Magro, C.M.; Dwyer, E. Refractory urticarial vasculitis as a complication of ulcerative colitis successfully treated
with rituximab. J. Clin. Rheumatol. 2011, 17, 281-283. [CrossRef] [PubMed]

Ardelean, D.S.; Gonska, T.; Wires, S.; Cutz, E.; Griffiths, A.; Harvey, E.; Tse, S.M.; Benseler, S.M. Severe ulcerative colitis after
rituximab therapy. Pediatrics 2010, 126, e243—e246. [CrossRef] [PubMed]

Cho, J.H.; Brant, S.R. Recent insights into the genetics of inflammatory bowel disease. Gastroenterology 2011, 140, 1704-1712.
[CrossRef] [PubMed]

Kristjansson, V.B.; Lund, S.H.; Grondal, G.; Sveinsdéttir, S.V.; Agnarsson, H.R.; Jénasson, J.G.; Bjornsson, E.S. Increased risk of
inflammatory bowel disease among patients treated with rituximab in Iceland from 2001 to 2018. Scand. ]. Gastroenterol. 2021, 56,
46-52. [CrossRef] [PubMed]

Vincent, F.B.; Morand, E.F.; Mackay, F. BAFF and innate immunity: New therapeutic targets for systemic lupus erythematosus.
Immunol. Cell Biol. 2012, 90, 293-303. [CrossRef] [PubMed]

Chang, S.K.; Arendt, B.K,; Darce, ].R.; Wu, X,; Jelinek, D.F. A role for BLyS in the activation of innate immune cells. Blood 2006,
108, 2687-2694. [CrossRef] [PubMed]

Jostins, L.; Ripke, S.; Weersma, R.K.; Duerr, R H.; McGovern, D.P,; Hui, K.Y,; Lee, ].C.; Schumm, L.P; Sharma, Y.; Anderson, C.A.;
et al. Host-microbe interactions have shaped the genetic architecture of inflammatory bowel disease. Nature 2012, 491, 119-124.
[CrossRef]

Steinbach, E.C.; Plevy, S.E. The role of macrophages and dendritic cells in the initiation of inflammation in IBD. Inflamm. Bowel
Dis. 2014, 20, 166-175. [CrossRef]

Thosani, N.; Singh, H.; Kapadia, A.; Ochi, N.; Lee, ].H.; Ajani, J.; Swisher, S.G.; Hofstetter, W.L.; Guha, S.; Bhutani, M.S. Diagnostic
accuracy of EUS in differentiating mucosal versus submucosal invasion of superficial esophageal cancers: A systematic review
and meta-analysis. Gastrointest. Endosc. 2012, 75, 242-253. [CrossRef]

Mowat, A.M.; Bain, C.C. Mucosal macrophages in intestinal homeostasis and inflammation. J. Innate Immun. 2011, 3, 550-564.
[CrossRef]

Liu, Z.; Davidson, A. BAFF and selection of autoreactive B cells. Trends Immunol. 2011, 32, 388-394. [CrossRef] [PubMed]
Mishima, Y.; Ishihara, S.; Amano, Y.; Oshima, N.; Kadota, C.; Otani, A.; Moriyama, I; Li, Y.Y.; Aziz, M.M.; Kinoshita, Y. Alterations
of peripheral blood CD5+ B cells in inflammatory bowel disease. Scand. |. Gastroenterol. 2009, 44, 172-179. [CrossRef] [PubMed]
Wang, X.; Zhu, Y.; Zhang, M.; Wang, H.; Jiang, Y.; Gao, P. Ulcerative Colitis Is Characterized by a Decrease in Regulatory B Cells.
J. Crohn’s Colitis 2016, 10, 1212-1223. [CrossRef] [PubMed]

Zhang, P;; Liu, X.; Guo, A,; Xiong, J.; Fu, Y.; Zou, K. B cell-activating factor as a new potential marker in inflammatory bowel
disease. Dig. Dis. Sci. 2016, 61, 2608-2618. [CrossRef] [PubMed]

Mitchell, S.; Vargas, J.; Hoffmann, A. Signaling via the NF«B system. Wiley Interdiscip. Rev. Syst. Biol. Med. 2016, 8, 227-241.
[CrossRef]

Hayden, M.S.; West, A.P,; Ghosh, S. NF-kappaB and the immune response. Oncogene 2006, 25, 6758—-6780. [CrossRef]

Ordas, I.; Eckmann, L.; Talamini, M.; Baumgart, D.C.; Sandborn, W.J. Ulcerative colitis. Lancet 2012, 380, 1606-1619. [CrossRef]
Baumgart, D.C.; Sandborn, W.J. Crohn’s disease. Lancet 2012, 380, 1590-1605. [CrossRef]

Rogler, G.; Brand, K.; Vogl, D.; Page, S.; Hofmeister, R.; Andus, T.; Knuechel, R.; Baeuerle, P.A.; Schélmerich, J.; Gross, V. Nuclear
factor kappaB is activated in macrophages and epithelial cells of inflamed intestinal mucosa. Gastroenterology 1998, 115, 357-369.
[CrossRef]

Neurath, ML.E,; Pettersson, S.; Zum Biischenfelde, K.H.M.; Strober, W. Local administration of antisense phosphorothioate
oligonucleotides to the p65 subunit of NF-kappa B abrogates established experimental colitis in mice. Nat. Med. 1996, 2, 998-1004.
[CrossRef]

Schreiber, S.; Nikolaus, S.; Hampe, J. Activation of nuclear factor kappa B inflammatory bowel disease. Gut 1998, 42, 477-484.
[CrossRef] [PubMed]


http://doi.org/10.1111/pde.12437
http://www.ncbi.nlm.nih.gov/pubmed/25424224
http://doi.org/10.1084/jem.184.6.2271
http://doi.org/10.1016/j.jneuroim.2010.10.037
http://doi.org/10.4049/jimmunol.1103354
http://www.ncbi.nlm.nih.gov/pubmed/22368274
http://doi.org/10.1001/jamadermatol.2015.59
http://doi.org/10.4049/jimmunol.1302238
http://doi.org/10.1136/gut.2010.225482
http://doi.org/10.1097/RHU.0b013e3182288400
http://www.ncbi.nlm.nih.gov/pubmed/21778903
http://doi.org/10.1542/peds.2009-3395
http://www.ncbi.nlm.nih.gov/pubmed/20566611
http://doi.org/10.1053/j.gastro.2011.02.046
http://www.ncbi.nlm.nih.gov/pubmed/21530736
http://doi.org/10.1080/00365521.2020.1854847
http://www.ncbi.nlm.nih.gov/pubmed/33280485
http://doi.org/10.1038/icb.2011.111
http://www.ncbi.nlm.nih.gov/pubmed/22231653
http://doi.org/10.1182/blood-2005-12-017319
http://www.ncbi.nlm.nih.gov/pubmed/16825497
http://doi.org/10.1038/nature11582
http://doi.org/10.1097/MIB.0b013e3182a69dca
http://doi.org/10.1016/j.gie.2011.09.016
http://doi.org/10.1159/000329099
http://doi.org/10.1016/j.it.2011.06.004
http://www.ncbi.nlm.nih.gov/pubmed/21752714
http://doi.org/10.1080/00365520802433223
http://www.ncbi.nlm.nih.gov/pubmed/18830898
http://doi.org/10.1093/ecco-jcc/jjw074
http://www.ncbi.nlm.nih.gov/pubmed/26980839
http://doi.org/10.1007/s10620-016-4136-z
http://www.ncbi.nlm.nih.gov/pubmed/27056038
http://doi.org/10.1002/wsbm.1331
http://doi.org/10.1038/sj.onc.1209943
http://doi.org/10.1016/S0140-6736(12)60150-0
http://doi.org/10.1016/S0140-6736(12)60026-9
http://doi.org/10.1016/S0016-5085(98)70202-1
http://doi.org/10.1038/nm0996-998
http://doi.org/10.1136/gut.42.4.477
http://www.ncbi.nlm.nih.gov/pubmed/9616307

Diagnostics 2022, 12, 45 14 of 14

102.

103.

104.

105.

106.

107.
108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Demchenko, Y.N.; Kuehl, WM. A critical role for the NFkB pathway in multiple myeloma. Oncotarget 2010, 1, 59-68. [CrossRef]
[PubMed]

Kane, S. Fecal lactoferrin is a sensitive and specific marker in identifying intestinal inflammation. Am. J. Gastroenterol. 2003, 98,
1309-1314. [CrossRef] [PubMed]

Suleiman, S.; Sonnenberg, A. Cost-effectiveness of endoscopy in irritable bowel syndrome. Arch. Intern. Med. 2001, 161, 369-375.
[CrossRef] [PubMed]

Lacy, B.E.; Pimentel, M.; Brenner, D.M.; Chey, W.D.; Keefer, L.A.; Long, M.D.; Moshiree, B. ACG Clinical Guideline: Management
of Irritable Bowel Syndrome. Am. J. Gastroenterol. 2021, 116, 17-44. [CrossRef] [PubMed]

Thakkar, K.; El-Serag, H.B.; Mattek, N.; Gilger, M. Complications of pediatric colonoscopy: A five-year multicenter experience.
Clin. Gastroenterol. Hepatol. 2008, 6, 515-520. [CrossRef]

Ricciuto, A.; Griffiths, A.M. Clinical value of fecal calprotectin. Crit. Rev. Clin. Lab. Sci. 2019, 56, 307-320. [CrossRef]

Fu, Y,; Wang, L.; Xie, C.; Zou, K,; Tu, L.; Yan, W.; Hou, X. Comparison of non-invasive biomarkers faecal BAFF, calprotectin and
FOBT in discriminating IBS from IBD and evaluation of intestinal inflammation. Sci. Rep. 2017, 7, 2669. [CrossRef]

Hussein, H.A.; Mohamed, R.S. Fecal B-cell-activating factor as a new noninvasive marker in the evaluation of ulcerative colitis
Egyptian patients: A comparative cross-sectional study. Egypt J. Intern. Med. 2019, 31, 563-572.

Xie, C.; Quan, R.; Wang, L.; Chen, C.; Yan, W.; Fu, Y. Diagnostic value of fecal B cell activating factor in patients with abdominal
discomfort. Clin. Exp. Immunol. 2019, 198, 131-140. [CrossRef]

Gisbert, ].P.; Bermejo, E; Pérez-Calle, J.L.; Taxonera, C.; Vera, I.; McNicholl, A.G.; Algaba, A.; Lépez, P.; Lopez-Palacios, N.;
Calvo, M.; et al. Fecal calprotectin and lactoferrin for the prediction of inflammatory bowel disease relapse. Inflamm. Bowel Dis.
2009, 15, 1190-1198. [CrossRef]

Singh, HK_; Ee, L.C. Recurrent Abdominal Pain in Children: Is Colonoscopy Indicated? . Pediatr. Gastroenterol. Nutr. 2019, 68,
214-217. [CrossRef] [PubMed]

Aggarwal, V,; Day, A.S.; Connor, S.; Leach, S.T.; Brown, G.; Singh, R.; Friedman, A.; Zekry, A.; Craig, P.I. Role of capsule endoscopy
and fecal biomarkers in small-bowel Crohn’s disease to assess remission and predict relapse. Gastrointest. Endosc. 2017, 86,
1070-1078. [CrossRef] [PubMed]

Kopylov, U.; Yablecovitch, D.; Lahat, A.; Neuman, S.; Levhar, N.; Greener, T.; Klang, E.; Rozendorn, N.; Amitai, M.M,;
Ben-Horin, S.; et al. Detection of small bowel mucosal healing and deep remission in patients with known small bowel Crohn’s
disease using biomarkers, capsule endoscopy, and imaging. Am. J. Gastroenterol. 2015, 110, 1316-1323. [CrossRef]

El-Matary, W.; Abej, E.; Deora, V.; Singh, H.; Bernstein, C.N. Impact of fecal calprotectin measurement on decision-making in
children with inflammatory bowel disease. Front. Pediatr. 2017, 5, 7. [CrossRef]

Fodor, I; Serban, O.; Serban, D.E.; Farcau, D.; Man, S.C.; Dumitrascu, D.L. B cell-activating factor (BAFF) in children with
inflammatory bowel disease. Pediatr. Res. 2021, 89, 1798-1803. [CrossRef]

Andreou, N.P; Legaki, E.; Dovrolis, N.; Boyanov, N.; Georgiou, K.; Gkouskou, K.; Gazouli, M. B-cell activating factor (BAFF)
expression is associated with Crohn’s disease and can serve as a potential prognostic indicator of disease response to Infliximab
treatment. Dig. Liver Dis. 2021, 53, 574-580. [CrossRef]


http://doi.org/10.18632/oncotarget.109
http://www.ncbi.nlm.nih.gov/pubmed/20890394
http://doi.org/10.1111/j.1572-0241.2003.07458.x
http://www.ncbi.nlm.nih.gov/pubmed/12818275
http://doi.org/10.1001/archinte.161.3.369
http://www.ncbi.nlm.nih.gov/pubmed/11176762
http://doi.org/10.14309/ajg.0000000000001036
http://www.ncbi.nlm.nih.gov/pubmed/33315591
http://doi.org/10.1016/j.cgh.2008.01.007
http://doi.org/10.1080/10408363.2019.1619159
http://doi.org/10.1038/s41598-017-02835-5
http://doi.org/10.1111/cei.13350
http://doi.org/10.1002/ibd.20933
http://doi.org/10.1097/MPG.0000000000002155
http://www.ncbi.nlm.nih.gov/pubmed/30234761
http://doi.org/10.1016/j.gie.2017.09.011
http://www.ncbi.nlm.nih.gov/pubmed/28947363
http://doi.org/10.1038/ajg.2015.221
http://doi.org/10.3389/fped.2017.00007
http://doi.org/10.1038/s41390-020-01155-1
http://doi.org/10.1016/j.dld.2020.11.030

	Introduction 
	BAFF Biology and Role in Other Diseases 
	BAFF in IBD 
	Role of B-Cells in IBD 
	Pathophysiological Background of BAFF in IBD 
	Clinical Implications of BAFF in IBD 

	Future Directions and Conclusions 
	References

