Effector and regulatory B cells in immune-mediated kidney disease
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[H1] Abstract B cells have a central role in many autoimmune diseases, including in those with renal
involvement, as well as in the immunological response to kidney transplantation. The majority of
studies of B cells have focused on their pathological role as antibody producers. However, these cells
have broad functions in immune responses beyond immunoglobulin secretion, including antigen
presentation to T cells and cytokine production. Importantly, not all B cell subsets enhance immune
responses. Regulatory B (Breg) cells attenuate inflammation and contribute to the maintenance of
immune tolerance. Breg cells are numerically deficient and/or dysfunctional in several autoimmune
diseases that can affect the kidney, including systemic lupus erythematosus and anti-neutrophil
cytoplasmic antibody-associated vasculitis, as well as in some groups of renal transplant recipients
with alloimmune graft damage. B cell-targeting biologics have been trialled with promising results in
diverse immune-mediated renal conditions. These therapies can affect both pro-inflammatory B cells
and Breg cells potentially limiting their long-term efficacy. Future strategies might involve the
modulation of inflammatory B cells in combination with the stimulation of regulatory subsets.
Additionally, the monitoring of individual B cell subsets in patients may lead to the discovery of

novel biomarkers that could help to predict disease relapse or progression.
[H1] Introduction

B cells contribute to immune-mediated diseases through diverse effector mechanisms, most notably
via the production of antibodies, but also through antigen presentation leading to T cell activation and
the secretion of various cytokines. The critical and clinically relevant role of B cells in autoimmune
diseases is highlighted by the success of therapeutic B cell depletion in diseases such as anti-
neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) (1-3), cryoglobulinaemic
glomerulonephritis (4), nephrotic syndrome including relapsing minimal change disease and
membranous glomerulonephritis (5, 6). The role of B cell depletion in renal transplantation, as
induction therapy or for management of antibody-mediated rejection, outside of its use in blood

group-incompatible transplants, remains uncertain.
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Research in preclinical models together with insights from clinical studies of B cell depletion therapy
have improved our understanding of the contribution of B cells to the aetiology and pathogenesis of
immune-mediated diseases. Importantly, certain subsets B cells are capable of regulating immune
responses and contributing to immune tolerance and are collectively referred to as regulatory B (Breg)
cells . Current B cell depletion therapies target Breg cells as well as inflammatory B cells and to date,
no specific means of clinically modulating inflammatory B cell subsets without impacting Breg cells
have been developed. Moreover, human B cell subsets and their plasticity in disease states are only

starting to be understood.

In this Review, we describe B cell functions with a focus on the roles of Breg cells in kidney diseases.
We also discuss the application and potential adverse effects of B cell targeted therapies in

autoimmune kidney diseases and renal transplantation.
[H1] B cell development

B cells display considerable phenotypic and functional diversity, with various subsets possessing
specialised effector roles. B cell development begins in the foetal liver and continues in the bone
marrow in which multiple checkpoints act to ensure that B cells released into the periphery express
functional B cell receptors (BCR) and are not specific for self-antigens. The autoreactivity of a BCR
is tested at the immature B cell stage, and the early bone marrow emigrant B lymphocytes are also
referred to as transitional B cells. These immature B cells express surface IgM and IgD, and are often
characterized by a CD24"CD38" phenotype, and a lack of the memory B cell marker CD27 (7).
Immature B cells complete their development in the periphery, giving rise to mature antigen-naive B
cells, identified as CD24™CD38™CD27- B cells (FIG. 1). In response to antigen-specific stimulation,

B cells can differentiate into plasmablasts, plasma cells and memory B cells (8).

Plasma cells are long-lived, terminally differentiated antibody-producing cells and plasmablasts are
their short-lived proliferating counterparts. Collectively these cells, which lack expression of the pan-
B cell marker CD20, are referred to as antibody-secreting cells. Plasma cells home to the bone
marrow where they continuously produce antibody to provide immediate protection to the host upon
re-infection. Memory B cells recirculate and can be rapidly induced to differentiate into antibody-
producing plasmablasts through interaction with cognate T cells. This memory response is typically
more robust than the primary B cell response to antigen, and generates high affinity, class-switched
immunoglobulins (9). Vaccination strategies capitalise on long-lived memory B cell responses and

most successful vaccines rely on the mounting of an antibody response (10).

Enhanced understanding of B cell development and differentiation, as well as of their phenotypic and
functional heterogeneity, may enable targeting of specific populations and monitoring changes in

these populations may provide novel biomarkers for disease and treatment responses.



[H1] Effector functions of B cells

B cells are key orchestrators of humoral immunity that can also influence T cell activation and
tolerance through antigen presentation and cytokine secretion (FIG. 2). Early work in animals with
congenital B cell deficiency generated contradictory results, with some studies reporting that the
absence of B cells affected T cell responses, whereas others found no effect on T cells (11-13).
Moreover, mice with congenital B cell deficiency were found to also have a number of additional
immune defects that might have a direct impact on T cells, confounding analysis of the effects of B
cell loss (14, 15). Thus, immunoglobulin-independent B cell functions have been deduced largely
from investigating changes in CD4" T cell responses following the transient depletion of B cells. For
example, T cell subsets and T cell activation status were unaffected by B cell depletion in naive mice
(16). However, B cell depletion led to reduced T cell proliferation in response to antigen, as well as

reduced memory responses to pathogens (16).

The existence of an antibody-independent contribution of B cells to immune responses is supported
by the findings of animal studies in which B cells were unable to secrete antibody. For example, in the
MRL/lpr model of lupus, B cells were able to contribute to disease pathogenesis in the absence of
serum antibody (17). Similarly, in patients with rheumatoid arthritis (RA) benefit from rituximab,
while greater in patients with circulating autoantibodies (anti-cyclic citrullinated peptide antibodies or
rheumatoid factor), is still found in seronegative subjects, and six months following therapy,
differences in response between seropositive and seronegative subjects are less marked (18). Below
we discuss the evidence for inflammatory and pathogenic roles of antibodies, B cell-mediated antigen
presentation and cytokine secretion, with a focus on immune-mediated kidney diseases and renal

transplantation.
[H2] Antibody production

Autoimmunity is often characterized by the presence of self-reactive antibodies, for example,
autoantibodies directed against nuclear antigens in SLE, neutrophil and monocyte antigens in AAV,
glomerular basement membrane constituents in anti-glomerular basement membrane (GBM) disease
and IgG antibodies to abnormally glycosylated IgA; in IgA nephropathy (19-21). Autoantibodies are
often used as disease markers, to define disease types or to monitor disease activity, and their
pathogenicity in humans is often inferred from animal models or in vitro studies. Infrequently, direct
pathogenicity of autoantibodies in patients is implied following placental transfer from an affected
mother to the foetus (22, 23).

In transplantation, alloantibodies to polymorphic antigens such as human leucocyte antigens (HLA)
are associated with poor long-term renal allograft outcomes (24-27). The role of alloantibodies in

renal transplantation was initially recognised in the setting of hyperacute rejection owing to the



presence of preformed blood group or HLA antibodies (28). In the clinic, hyperacute rejection has
now been largely eliminated as a result of ABO-matching of donors and recipients, and rigorous
screening of patient serum for anti-donor HLA antibodies prior to transplantation. Donor-specific 1gG
antibodies can however be formed de novo and contribute to transplant rejection. This finding

implicates the germinal centre reaction in their production.

The class of an immunoglobulin determines its effector functions, including its ability to activate the
complement system or to bind to immunoglobulin constant fragment (Fc) receptors, so it can impact
disease pathogenesis. For example, in Kidney transplant recipients with donor-specific antibodies
(DSA), acute antibody-mediated rejection was associated with C4d-fixing 1gG3 DSAs, whereas
patients who did not experience antibody-mediated rejection were found to have enrichment of IgG1
DSAs that lacked the ability to bind C1qg (29). IgG subclasses are influenced by the nature of the

antigen, T cell help and secondary signals such as TLR or cytokine receptor activation (30).

As mentioned previously, terminally differentiated plasma cells and plasmablasts do not express
CD20, which is the antigen target of several monoclonal antibodies used for B cell depletion therapy.
Interestingly, treatment with the anti-CD20 monoclonal antibody rituximab is associated with a
clinically significant reduction in autoantibody levels in patients with RA and AAV (3, 31), despite its
inability to directly target antibody-secreting cells. This effect is thought to result from the depletion
of precursor cells that maintain the short-lived newly-differentiating plasmablasts, which are an

important source of autoantibodies (32).
[H2] Antigen presentation

B cells are able to function as antigen presenting cells (APC) owing to their endocytic capacity,
antigen processing ability and location in proximity to T cells within lymphoid organs (33). The
binding of a specific antigen to an immunoglobulin receptor on the surface of a B cell leads to the
capture, endocytosis and trafficking of that antigen to MHC class I1-rich compartments. This favours
the presentation of antigens that are taken up either by directly binding the BCR or associated with
such antigens, and is in contrast to non-specific antigen loading found in myeloid lineage APCs. This
mechanism may be particularly important for the presentation of antigens that are present in low
guantities, such as autoantigens, and may in part explain the antibody-independent pathogenic role of
B cells in autoimmune disease. Hence, B cell depletion can reduce effective antigen presentation and
lead to attenuation of T cell activation and effector function. This attenuation underlies some of the

effectiveness of B cell depletion therapy in various clinical settings (34).

In the context of chronic cardiac graft rejection, studies in murine models have demonstrated that B
cells can support T cells in the alloimmune response and contribute to pathogenesis in an antibody-

independent manner (35, 36). Similarly, the ability of B cells to promote T cell activation through



alloantigen presentation is observed in kidney transplant recipients with antibody-mediated rejection
(37). In lupus-prone mice, B cells have been shown to act as APCs to elicit autoreactive T cell
responses (38). Of note, B cells can also act as APCs to tolerise T cells, for example under conditions

of non-BCR-mediated B cell antigen uptake (33).
[H2] Cytokine production

B cells are able to release an array of pro-inflammatory and anti-inflammatory cytokines that can
polarize T cell responses. Most of our mechanistic understanding regarding the role of B cell cytokine
production in immune responses comes from animal studies (39). Initial studies in mice showed that
naive B cells could be polarised in vitro in the presence of T helper type 1 (Thl) and Th2 cells to
produce distinct effector cytokines (40). These polarised cells were termed B effector (Be)1l and Be2
cells and were primed by IFN-y and IL-4, respectively. Bel cells secreted predominantly type 1
cytokines (IFN-y and IL-12), whereas Be2 cells not only produced the type 2 cytokine IL-4, but also
secreted high levels of IL-2, IL-6 and 1L-10. Bel cells could also be identified in vivo following the
infection of mice with Toxoplasma gondii (type 1 response ), whereas Be2 cells were identified
following infection with Heligmosomoides polygyrus (type 2 response ) (40). The protective role of
cytokine-producing B cells was demonstrated in the Heligmosomoides polygyrus infection model in
which IL-2 secreted by Be2 cells was required for the maintenance of helminth-specific Th2 cells
(42).

Bel cells were originally thought likely to contribute to autoimmunity whereas Be2 cells were
thought to have a role in allergic responses. However, human counterparts of these polarized
cytokine-secreting subsets have not been identified. Nevertheless, accumulating evidence from studies
in humans and mice implicate B cell pro-inflammatory cytokine production in disease pathology. In
the murine model of multiple sclerosis (MS), termed experimental autoimmune encephalomyelitis
(EAE), B cell depletion reduced disease severity only in those animals whose B cells were able to
produce IL-6 (42). Similarly, in patients with MS who responded to rituximab, newly reconstituted B
cells produced less IL-6 than those prior to B cell depletion following in vitro stimulation via the
BCR, CD40 and TLR9 (42). Patients with MS also have increased frequencies of pro-inflammatory
GM-CSF-producing memory B cells, which co-express IL-6 and TNF-a (43). The number of GM-
CSF* B cells in these patients was normalized upon B cell repopulation following B cell depletion
therapy and this normalization was associated with a reduction in the myeloid pro-inflammatory
response (43).

Whether B cell 1L-6 production is broadly relevant to pathology in other autoimmune conditions has
been called into question as IL-6 production by B cells in response to TLR9 ligands is reduced in
patients with SLE compared to healthy individuals (44). Other pro-inflammatory cytokines, such as



TNF-a and IFN-y, that have been associated with immune-mediated pathologies affecting the kidney,

including glomerulonephritis (45, 46), can be produced by B cells, particularly following infections.

B cells are found within structures with tertiary lymphoid tissue features (organised collections of T
and B cells) in renal allografts (47) and their presence is associated with poor outcomes (48, 49) as
well as in the renal interstitium in some patients with tubulointerstitial nephritis (50), AAV and SLE,
where their numbers decrease with disease remission (51). However, these studies did not examine B
cell cytokine production, and whether B cells found within the kidney secrete pro-inflammatory

cytokines that might contribute to immune pathology remains to be determined.
[H1] Regulatory B cells

The term Breg cell is used to refer to B cells with a number of different phenotypes that, through an
expanding array of mechanisms, act to suppress pathogenic T cell responses and thus support immune
tolerance. However, Breg cells are most commonly defined as B cells that produce IL-10 and limit
inflammation. These cells have been described in mice and in humans (52). To date, no unique Breg
cell marker has been discovered and transcription factors that specifically drive the development of

these cells have remained elusive.
[H2] Development

The ontogeny of Breg cells and how they relate to conventional B cell subsets remains to be
established. However, it is likely that Breg cells can arise at various stages during B cell development
and differentiation (FIG. 1), provided that the right environmental cues exist (53-55). Human Breg
cells have been identified as minority populations within various B cell subsets including immature B
cells (CD24"CD38") (56), memory B cells (CD24"CD27*) (57) and plasmablasts (58). Importantly,
whether Breg cells that derive from different B cell developmental or activation stages are indeed
ontogenically separate and whether these cells are equally suppressive is unknown. Even within the
phenotypically defined CD24"CD38" immature B cell subset in which Breg cells are enriched,
functional differences exist in the proportions of pro-inflammatory and anti-inflammatory cytokines

that cells can make. These differences might have important consequences for host immune reactivity.

Although most of the research on factors that drive Breg cell development has been conducted in
mice, the signals that induce the differentiation of these cells in humans are also being uncovered. The
available data suggest that unlike natural Treg (nTregs) cells, which constitute a separate lineage of T
cells with a thymic origin, multiple Breg cell subsets can arise in the periphery in response to various
cues, including binding to antigen receptors, CD40 and pattern-recognition receptors, in particular
Toll-like receptors (TLR), as well as in response to inflammatory cytokines, all of which are elements

of a successful immune response (59). In mice, Breg cell development, which leads to the suppression



of Th17 cell responses, is dependent on the presence of pro-inflammatory cytokines such as myeloid-
derived IL-1 and IL-6 (54) as well as I1L-21, which is produced by T cells (55). These cytokines that
can induce Breg cells are all involved in Th17 cell polarisation and expansion, suggesting that this is a
mechanism that contributes to immune homeostasis (60). Furthermore, in healthy individuals, low
levels of IFN-a can drive Breg cell differentiation, whereas high levels of this pro-inflammatory
cytokine lead to plasmablast differentiation, which no longer produce IL-10 (53). Moderate levels of
inflammation therefore seem to contribute to Breg cell induction and maintenance, which contributes
to restoration of homeostasis, whereas conditions of persistently high inflammation seem to inhibit the
induction of Breg cells.

Of note, a requirement for BCR engagement in Breg cell development has been demonstrated using
mice with limited BCR specificity or that lack critical molecules involved in BCR signalling (61).
Taken together these data suggest that antigen-specific recognition, in addition to “homeostatic
inflammation”, is an important driver for Breg cell induction and 1L-10 production. In murine models
of MS, RA and inflammatory bowel disease (IBD) — (EAE, collagen-induced arthritis (CIA) and 1BD
respectively )— CD40 has been demonstrated to be important in the generation and function of Bregs
(59, 62, 63). CD40 stimulation enhances I1L-10 production by murine B cells (59, 62). Mice with a B
cell-restricted CD40-deficiency are unable to recover from EAE due to a defect in IL-10 production.
Similarly in CIA the adoptive transfer of CD40-stimulated Bregs suppresses disease (62), and in the
MRL/lpr model of lupus, anti-CD40 activated immature B cells supressed disease better than their
unmanipulated counterparts upon adoptive transfer (64). CD40 has also been demonstrated to
potentiate the in vitro suppressive capacity of human immature CD24"CD38"B cells partially through
increasing IL-10 (56). TLR agonists are potent inducers of IL-10 from murine and human B cells in
vitro (65). While mice with global deficiency in the TLR adaptor protein MyD88 are resistant to EAE,
mice with a B cell specific deletion of TLR2 and TLR4 or MyD88 develop chronic disease with
associated inability to control the T cell inflammatory response (66). Lipopolysaccharide (LPS)-
induced Bregs have also been shown to suppress pancreatic inflammation in the non-obese diabetic
(NOD) model of diabetes (67).

[H2] Suppressive functions

The ability of B cells to suppress T cell responses was first recognized in the 1970s in studies
investigating inflammatory responses in animal models of delayed type hypersensitivity, where the
absence of B cells led to exacerbation of the T cell-mediated immune reactions (23-25). However, it
was the publication of three reports in the early 2000s that showed that B cells could suppress immune
responses in murine models of autoimmunity, namely inflammatory bowel disease (63), EAE (59) and
CIA (62), that challenged the paradigm of B cells as perpetrators of autoimmune pathology. These

studies showed that Breg cells could suppress disease manifestations and modulate inflammation and



that these effects were dependent on the production of I1L-10. Subsequently, IL-10-producing B cells
were shown to modulate disease in murine arthritis models via suppression of Thl and Thl7 cell
responses (68, 69). These studies also found that Breg cells promote the expansion of Treg cells and
enhance their expression of the transcription factor FoxP3. This finding is consistent with previous
observations of reduced Treg cell numbers in B cell-deficient mice (70, 71). Data suggest that in mice,
plasmablasts produce considerable amounts of the regulatory cytokine IL-10, and represent IL-10"
Bregs with plasmablast phenotype (58). Plasmablasts producing another immunomodulatory cytokine
IL-35 have also been identified in mice, in which they contribute to suppression of inflammation, but
these cells did not co-produce IL-10 (72). Interestingly, 1L-35 has been demonstrated to promote IL-
10 production by human B cells through a positive feedback loop, contributing to the amplification of
this suppressive pathway (73). Matsumoto et al. identified 1L-10-producing plasmablasts in EAE,
Shen et al. discovered that IL-35 is a cytokine that is involved in immune suppression by B cells, but
IL-35- and IL-10-producing B cells corresponded to different populations in their hands. Finally,
Wang et al. showed that IL-35 and IL-10 can be produced by the same cells, but these were of
CD5+CD19+B220lo Breg.

Human IL-10-producing B cells have been identified not only in the context of autoimmunity but also
in infection and cancer. These cells can be beneficial in the setting of autoimmunity as they suppress
inflammatory responses through the inhibition of T cells and myeloid cells; however, in the context of
infection or cancer they have been shown to contribute to pathology as they hinder protective
immunity against viral pathogens and neoplasms (74). Deficiencies in Breg cell number and
suppressive function have been reported in a variety of autoimmune conditions, including SLE (56,
75), RA (76), MS (77) and psoriasis (78).

The immature Breg cell subset (CD19*CD24"CD38") can regulate T cell activation (as evidenced by
a reduction in T cell production of IFN-y and TNF-o) in an IL-10-dependent manner (56).
Importantly, these Breg cells are functionally impaired in patients with SLE and other autoimmune
conditions (56). In patients with active RA, CD24"CD38" Breg cells were not only reduced in
number but were also less able to inhibit Th17 cell polarisation and promote Treg cell induction than
those from healthy individuals and patients with inactive RA (76). Together, these results suggest that
autoimmunity may in part be driven by an inability of Breg cells to inhibit an autoreactive immune

response.

A second population of IL-10-producing Breg cells, termed B10 cells was initially identified as a
functionally distinct subset in mice but has now also been described in human peripheral blood (57).
Phenotypically, in humans these cells are mostly found within the memory B cell population
(CD19"CD24*CD27*) and they suppress monocyte inflammatory cytokine production in an IL-10-

dependent manner in vitro (57). Patients with common variable immunodeficiency, who may develop



autoimmune diseases, have reduced Treg cell function and reduced numbers of IL-10-producing B

cells however, the Treg cell defect did not correlate directly with the loss of Breg cells (79).

Human Breg cells have also been reported to modulate T cell responses via mechanisms other than
IL-10 production, for example via the immunomodulatory cytokine TGF-B, via indoleamine 2,3-
dioxygenase (IDO), which alters T cell activation through breakdown of the essential amino acid
tryptophan, via programmed death ligand 1 (PD-L1), which engages the inhibitory receptor PD-1 on
T cells (80-82), and through combined IL10 and IgG4 secretion(83)(TABLE1L). Breg cells might also
have the capacity to induce T cell death through the action of granzyme B (GzmB) (84), which is
secreted by CD19*CD38*CD1d*IgM*CD147* B cells and is upregulated by IL-21, which is made by
various T cell subsets (84). Of note, the cell surface marker CD1d, which is expressed on many of the
identified Breg subpopulations in mice and humans has a role in the presentation of lipids to invariant
natural killer T (iNKT cells (75, 85). Although iNKT cells have dual roles in immunity, they are
increasingly associated with immune regulation in the context of autoimmune disease (86). CD1d
expression by Breg cells contributes to the regulation of inflammation in mice, independently of IL-10
(87).s

In summary, Breg cells can be found within various B cell subsets and have the ability to regulate

other immune cells within complex inflammatory circuits (TABLE 1).
[H1] B cells in kidney disease

Breg cells have now been studied in a variety of diseases that affect the kidneys, including SLE,
AAV, and other connective tissues diseases, as well as in the context of renal transplantation. No two
diseases appear to have identical Breg abnormalities, which can be reduced in numbers, functionally,
defective or both. Breg cells have also been proposed as potential biomarkers of disease activity that

might be used to predict immune quiescence or future relapses (TABLE 2).

Many diseases that lead to kidney dysfunction (such as anti-GBM disease, SLE and AAV) are defined
by, or associated with, the presence of autoantibodies. Moreover, some kidney diseases that do not
have a clear autoantibody phenotype, such as minimal change disease or focal segmental
glomerulosclerosis (88), seem to respond to immunomodulatory therapy, suggesting a contribution of

immune dysregulation to their pathogenesis (88).

As discussed above, B cells promote autoimmunity by producing pathogenic autoantibodies and pro-
inflammatory cytokines and by activating self-reactive T cells through the presentation of self-
antigens (89). Consequently, in autoimmune conditions, treatment is often directed at immediate
removal of antibodies (using plasmapheresis) or interference with their action (using intravenous

immunoglobulins) as well as long-term suppression of B and T cell reactivity to prevent further



expansion and activation of self-reactive leukocytes. However, a more nuanced understanding of
immune regulatory circuits has highlighted the impact that these therapies have on Treg cells and

Breg cells with potential short-term and long-term effects on disease pathogenesis.

Similarly, although alloreactive B cells are considered harmful in renal transplantation, settings exist
in which in vitro B cell depletion results in enhanced alloreactivity, suggesting a potential regulatory
role (37). Importantly, end stage renal disease is associated with changes in B cell immunity as
evidenced by the finding that patients fail to mount robust responses to vaccinations (90). Reports also
exist of skewed B cell subpopulations in patients on dialysis, with reduced levels of CD24*CD38
memory B cells and elevated levels of CD24"CD38" immature B cells compared to pre-dialysis
patients and healthy individuals (90). Moreover, higher serum levels of IL-10 and IL-4 are found in
patients on dialysis than in those pre-dialysis (90). Such changes mean that analyses of cell subsets
among patients with autoimmune kidney disease should ideally take renal function into account and

use appropriately matched case controls, which are often lacking.
[H2] Kidney transplantation

In experimental and clinical transplantation, Breg cells seem to have a role in maintaining graft
function and in reducing the risk of DSA production. In a cohort of renal transplant recipients
operational tolerance was associated with a B cell-gene transcriptional signature and augmented B cell
numbers (91, 92). Tolerant transplant recipients had increased numbers of total and naive (CD27
IgM*1gD*) B cells in their peripheral blood compared to stable transplant recipients on maintenance
immunosuppression. Tolerance was also associated with an increase in the levels of IL-10* immature
B cells and increased levels of CD20 mRNA in the urine (91). The increased frequency of immature
B cells in peripheral blood and enhanced IL-10 production by total B cells following in vitro culture

was confirmed in a different cohort of operationally tolerant transplant recipients (93).

Another study documented an augmented population of IL-21-dependent GzmB-expressing B cells in
tolerant patients compared to those with stable function on immunosuppressants. These B cells
suppressed CD4* T cell activation by inducing apoptosis and inhibiting proliferation (94). This
regulation was mediated through a direct T cell contact-dependent action of GzmB, and not by IL-10
or TGF-. However, a 2016 analysis of validation cohorts of tolerant renal transplant recipients
suggested that many of the earlier reported differences were confounded by the fact that certain
immunosuppressive medications that were used in the non-tolerant cohort have direct effects on B cell
subsets, including modulation of gene expression (95). For example, both glucocorticoids and
azathioprine can substantially reduce the numbers of immature B cells, whereas calcineurin inhibitors
do not have this effect (TABLE 3). Nevertheless, when immunosuppression-independent gene sets
were analysed, a panel of nine genes, including BCL2A1, EEF1Al and IGLC1, which are also

10



expressed in B cells, was found to be highly predictive of the tolerant state (95). Importantly, in a
cohort of operationally tolerant liver transplant recipients, a different set of transcripts — those
expressed by CD56" lymphocytes (NK and T cells) — were significantly over-represented (96), which

may reflect differences in tolerogenic pathways between these organs.

In addition to operationally tolerant patients, B cell populations and graft outcomes have been
investigated in cohorts of transplant recipients on continuous immunosuppression. Higher numbers of
CD24"CD38" IL-10-producing Breg cells have been found in patients with longer duration of graft
survival (97) and in those with fewer rejection episodes (98, 99), suggesting that these cells might be
of use either as a biomarker for improved graft outcomes or as a therapeutic intervention. Prospective
studies have reported increased numbers of IL-10- and GzmB-expressing B cells in patients with
stable grafts over the first year of transplantation (100). Interestingly, CD24"CD38" immature B cells
with the highest IL-10:TNF-a ratio were enriched in patients with stable graft function, whereas in
patients with chronic rejection, immature B cells had equivalent levels of IL-10 but higher levels of
TNF-a (101). The lower IL-10:TNF-a ratio correlated with poorer three-year graft outcome and these
cells were shown to be functionally less suppressive of Thl responses than those with higher
IL10:TNFa ratio (101). Further validation of these cells as biomarkers and the potential for their

therapeutic manipulation is currently being investigated.

The impact of immunosuppressive agents on Breg cell populations has also been investigated in other
transplant cohorts with some contradictory findings (TABLE 3). For example, different agents used as
induction therapy result in different proportions of Bregs. Induction with alemtuzumab (a depleting
monoclonal antibody directed against CD52, which is present on many leukocyte populations
including B cells) augmented naive, immature and CD5'CD1d™ B cell numbers following
repopulation, to a greater extent than did basiliximab (an anti-CD25 antagonist), and the

alemtuzumab-treated patients had improved graft outcomes and lower levels of DSAs (102).

In ABO-incompatible renal transplant recipients, treatment with rituximab resulted in a predominantly
naive B cell phenotype upon B cell repopulation (containing a greater proportion of IL-10-producing
Breg cells) 1 year following transplantation (100). In contrast, another study reported increased rates
of acute transplant rejection following rituximab induction therapy (103), possibly due to depletion of
Breg cells, which express CD20, but this finding has not been universal in other rituximab studies
(104, 105). Results from ongoing trials of rituximab as induction therapy are awaited. With regards to
maintenance therapy, patients treated with sirolimus or calcineurin inhibitors, had reduced numbers of
CD24"CD38" IL-10-secreting Breg cells in comparison to healthy controls (97, 106). These findings
suggest that certain immunosuppressive agents may have greater effects on the Breg cell population

than others.
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Patient stratification based on Breg cell populations needs to be validated prospectively, and perhaps
optimised for clinical ease of use, as IL-10 detection is currently complex, but could provide a
rationale for augmenting or reducing immunotherapy at an early stage to improve graft outcomes and
reduce the burden of immunosuppression in those more likely to benefit. In addition, strategies that
augment Breg cell numbers or function in renal transplant recipients may be beneficial in maintaining
long-term graft function, reduce the generation of alloantibodies and perhaps facilitate the restoration

of tolerance.
[H2] Systemic vasculitis

Small vessel pauci-immune AAV is frequently characterised by ANCA, which is an autoantibody
directed against neutrophil and monocyte proteins. This disease often results in renal involvement,
with a proportion of patients progressing to end-stage renal disease. B cell involvement is common in
proteinase-3 (PR3)-ANCA-associated disease and is evidenced by the clinical success of anti-CD20
antibody-mediated B cell depletion in both induction and maintenance therapy (1-3). Limited reports
of benefit of anti-CD20 in ANCA negative systemic vasculitis also exist, suggesting a
mechanism of action beyond antibody reduction (107). Importantly, in AAV, B cells are found at
the sites of inflammation — within inflamed kidneys (108) and inflammatory granulomatous lesions
(109).

The role of Breg cells in mediating AAV remission, their potential use as biomarkers of stable disease
and more broadly the use of B cell subset distribution as a possible predictor of future relapses, have
all been studied in various single centre cohorts and clinical trials. An important caveat is that
different groups have used distinct surface markers for the characterization of Breg cells, with only
some studies focusing on IL-10 production and few analysing functional suppressive capability.
Overall, it is difficult to unequivocally demonstrate that the increase in Breg cells that is observed in
patients with AAV during remission, compared to patients with active disease, is responsible for
disease inhibition, especially if the effects of immunosuppressive medications are not taken into
account (110) (TABLE 3).

In patients with AAV who have untreated active disease, numerical deficiencies have been reported in
several B cell subsets that were previously described to contain cells with regulatory functions
(CD24"CD38" and CD27+*CD38" B cells) and in the overall frequency of IL-10*CD19* B cells when
compared to healthy individuals (111-113) and to patients in remission (112, 113). Conversely, an
increase in the frequency of IL-10-producing Breg cells has been reported following B cell
repopulation in patients treated with rituximab, suggesting that CD20 depletion is effective in
restoring the balance between effector B cells and Breg cells whilst achieving remission. In these

studies, assessment of the cytokine profile of repopulating B cells has been proposed as a predictor of
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disease relapse (112, 114). Other studies have used the co-expression of CD19 and CD5 as surrogate
Breg cell markers. This CD5" B cell population has been shown to produce 1L-10 (115). CD19*CD5*
B cell numbers decrease during acute AAV but increase to normal during disease remission (116).
Following rituximab therapy, patients with normalized CD19*CD5"* B cell frequencies in repopulating
B cells experienced longer time to relapse, compared with those whose CD19*CD5* B cells did not
repopulate to the same extent (117). However, the predictive utility of measuring CD19°CD5" B cell
numbers for assessment of disease relapse following either rituximab or conventional
cyclophosphamide-based therapy was not validated in an analysis of data from the RAVE trial (3). In
fact, the number of CD5" B cells was found to be highly variable from the time of acute disease to

remission and no association with subsequent relapses was observed (118).
[H2] SLE

SLE was one of the first human diseases in which autoimmunity was found to be associated with a
number of abnormalities in B cell subsets including dysfunction of Breg cells (56). Patients with SLE
present with polyclonal B cell activation, elevated immunoglobulin levels and various autoantibodies
(119). Moreover, genetic studies of patients with SLE have identified polymorphisms in genes that
influence B cell development, activation and signalling, leading to the development of autoreactive B
cells (120) and animal models have further confirmed a key role for B cells in disease pathogenesis
(120) .

Paradoxically, clinical trials of B cell depletion agents have not demonstrated benefit in SLE (121,
122). Nevertheless, the targeting of B cell survival through B cell activating factor (BAFF) inhibition
has shown some success for the treatment of less severe disease manifestations, such as skin and joint
manifestations in certain trials (123, 124). The failure of rituximab and certain BAFF inhibitors in
some SLE trials is in contrast to clinical experience and treatment guidelines (125). Numerous reasons
for these failed trials have been proposed, including the liberal additional use of glucocorticoids to
treat patients (potentially masking a beneficial impact of rituximab) and the inability of rituximab to

successfully deplete tissue memory B cells (125).

Clinical data have shown that IL-10* B cells inversely correlate with lupus activity (56). Although the
numbers of CD19*CD24"CD38" B cells are comparable between healthy controls and patients with
SLE, the proportion of these cells that produce IL-10 is decreased in patients with SLE, particularly in
those with lupus nephritis (98). This defect in IL-10 production leads to a reduced ability of
CD19*CD24"CD38" B cells from patients with SLE to inhibit Th1 responses compared to those of
healthy individuals (56). In addition, the frequency of IL-10-producing cells within the naive B cell
pool (CD19*CD27-CD38™MIgD* B cells) is reduced in patients with SLE and these cells express higher
levels of co-stimulatory molecules than those from healthy individuals leading to enhanced T cell

activation (126). Although IL-21 usually drives Breg cell differentiation, in patients with SLE it
13



promotes a population of CD11c*Thet* memory B cells that can differentiate into short lived plasma

cells and this memory population correlates with disease activity (127).

Finally, patients with SLE can have defects in iNKT cell numbers and function (75, 128-130), which
may be due to abnormalities in B cells capable of presenting lipid antigens to iNKT cells. In
particular, B cells from patients with SLE also have aberrant CD1d endocytic recycling compared to
healthy controls (75). CD1d expression is normalised on newly repopulating immature B cells in
patients that respond to rituximab therapy, and interestingly, this CD1d restoration correlates with the
normalisation of iINKT cell numbers and function. The association of clinical improvement with the
restoration of Breg cell function could potentially be a useful marker of immunosuppression adequacy
(see TABLE 2).

Other complex self-regulatory circuits that operate in healthy individuals are compromised in patients
with SLE. For example, in healthy individuals a negative feedback loop exists in which IFN-a
secreted by plasmacytoid dendritic cells (pDCs), in addition to driving plasmablast differentiation
(131, 132), also induces the production of IL-10 by Breg cells, contained mostly within the
CD24"CD38" immature B cell subset (53). These Bregs in turn inhibit further IFN-o production by
pDCs in an IL-10-dependent manner (53). In patients with SLE, pDCs are hyperactivated, and
promote plasmablast differentiation, but not the induction of CD24"CD38" Bregs (53). This effect is
at least in part driven by alterations in STAT1 and STATS3 signalling in immature B cells (53).
Although individual B cells can secrete TNF-a and IL-6, as well as IL-10, selective skewing of this
balance may be beneficial and has been achieved in vitro using epratuzumab (133). This antibody
binds to CD22 and inhibits B cell receptor-mediated activation in healthy individuals and in patients
with SLE. This inhibition leads to reduced B cell proliferation and pro-inflammatory cytokine

production, skewing the cytokine balance towards IL-10 production (133).

Changes in the B cell populations following rituximab therapy in SLE patients with delayed
reconstitution of peripheral memory B cells and greater repopulation of immature B cells are
associated with prolonged disease remission, compared with patients in whom peripheral memory B
cells returned sooner and there were less immature B cells. This ratio of immature and memory B
cells may provide a useful biomarker to decide on the need for rituximab re-dosing to prevent
subsequent disease flares (TABLE 2) (134).

[H2] Other immune complex-mediated disorders

B cell depletion therapy has been shown to be effective in various other immune complex-mediated
renal disorders including cryoglobulinaemia (4) and 1gG4-related disease (IgG4-RD) (135). Anecdotal
reports of benefit in fibrillary nephropathy (136), IgA nephropathy and IgA vasculitis (Henoch-

Schonlein purpura) (137) also exist.
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In comparison to healthy controls, patients with hepatitis C virus (HCV)-associated
cryoglobulinaemia present with various immune perturbations, including reductions in the numbers
of both naive and memory B cells as well as Treg cells, elevated numbers of T follicular helper (Tfh)
and Th17 cells, and increased serum BAFF levels (138). However, following rituximab therapy, B
cell, T cell and monocyte-related genes, including TWEAK receptor, CCR2 and interferon-stimulated
genes are downregulated (138). BAFF levels also increase following rituximab therapy, but more so
in patients with subsequent relapse compared with those who do not (138). In HCV-associated
cryoglobulinaemia, a reduction in viral load normalises immune dysregulation and patients who are
treated with direct antiviral therapy alone (without rituximab), have an increase in PD-1-expressing B
cells and Treg cells, as well as a reduction in Tfh, Th17 and CD21"" memory B cells (139).

In patients with 1gG4-RD, investigation of B cell subsets identified a reduction in the frequency of
immature B cells (CD19*CD24"CD38") and lower BAFF receptor expression, whereas memory B
cell and plasmablast numbers were increased compared to healthy controls (140). No functional
studies of B cells were undertaken but, interestingly, serum IL-10 levels were higher in patients with
IgG4-RD than in healthy individuals (140, 141). This finding may be explained by the observation
that 1gG4 production is enriched in a subset of IL-10-producing Breg cells that express CD71 and
CD25, suggesting that in this setting Breg cell subsets might contribute to disease through antibody
production (83). B cell depletion with rituximab has been reported to be of benefit in 1gG4-RD, and
results in a significant reduction in the levels of plasmablasts (CD19°“CD38*CD20°CD27*) and IgG4.
However, changes in the levels of other B cell subsets were not examined (135, 141). Plasmablast
numbers return to baseline levels at the time of relapse, suggesting that they may be a biomarker of

disease activity and have a role in disease pathogenesis (141).

In, patients with IgA nephropathy reduced CD19*CD5*CD1d*IL-10" Breg cell frequency was found
compared to healthy controls (142). However, an open label study of rituximab added to standard care
demonstrated no benefit with regards to renal function or proteinuria, despite B cell depletion, and
similarly had no effect on the levels of pathogenic antibodies against galactose-deficient IgAl (143).
In contrast, in a case series of patients with IgA vasculitis, rituximab therapy allowed steroid
minimisation and led to improved Birmingham Vasculitis Activity Scores (BVAS) and reduction in
proteinuria in the majority of patients; however, a third of patients relapsed (137). Data on B cell

subsets and reconstitution following B cell depletion were not available.
[H2] Nephrotic syndromes

B cell depletion strategies have enabled dissection of the functional role of B cells in various
nephrotic states. In membranous glomerulonephritis, rituximab therapy is effective in two-thirds of
patients and is presumed to act through a reduction in the levels of pathogenic anti-phopspholipase A2
receptor (PLAZ2R) or anti-thrombospondin type 1 domain containing 7A (THSD7A) antibodies (144).

15



Significant increases in Treg cells following rituximab therapy in responders have also been noted
(145). Rituximab seems to have similar efficacy to cyclophosphamide for inducing complete

remissions, less so for partial remissions, and a better safety profile (146).

In relapsing or steroid-dependent minimal change disease, rituximab has been used with anecdotal
success, and its effects may be in part through the direct inhibition of downregulation of podocyte
sphingomyelin phosphodiesterase acid-like 3b, resulting in stabilisation of the actin cytoskeleton and
preventing podocyte apoptosis (5). Moreover, rituximab might have an indirect effect in normalising
Treg/Th17 cell and CD4/CD8 T cell imbalances found in active disease in a B cell-dependent manner
(6). A study reported that paediatric patients with frequently relapsing or steroid-dependent nephrotic
syndrome had lower baseline frequencies of immature and mature B cells than age-matched healthy
controls (147). Nevertheless, the researchers found that it was the delayed repopulation by class-
switched memory B cells that was protective against disease relapse (as in SLE), again suggesting that
depletion of memory B cells is therapeutic. A pathogenic role of B cells is consistent with data from a
B cell-dependent in vivo mouse model of proteinuria in which podocyte damage was dependent on B
cell-derived IL-4 (148). This cytokine is expressed at high levels by lymphocytes from paediatric

patients with minimal change nephrotic syndrome when stimulated ex vivo (149).
[H1] Targeting B cells

Specific targeting of B cells rather than generalised leukocyte ablation using agents such as
cyclophosphamide, was introduced for the treatment of B cell lymphomas and leukaemias, and was
capitalised on for the treatment of conditions with an autoantibody component such as RA (150).
Diverse B cell surface markers and growth factors have been selected to generate monoclonal

antibodies that target B cells (FIG. 3) and exert various clinical effects.

CD20 is the target of a number agents including rituximab, which depletes cells through complement-
dependent and complement-independent pathways (151). Other B cell-directed biologic therapies
include epratuzumab, which targets CD22, a lectin found on mature and some immature B cells,
alemtuzumab which targets CD52, a glycoprotein that is highly expressed on B and T cells and at
lower levels on myeloid cells, and MEDI-551, which targets CD19, a surface protein that regulates
BCR signalling and is found on all B cells (152, 153). In addition, critical B cell growth factors, such
as BAFF (also termed B lymphocyte stimulator) and a proliferation-inducing ligand (APRIL) have
been targeted in their soluble forms using agents such as belimumab, tabalumab, blisibimod and
atacicept (124) . These growth factor pathways can also be targeted by the use of GSK2857916,
which inhibits B cell maturation antigen (BCMA), a receptor for BAFF and APRIL.

B cell targeting therapies are now being tested in combination, for example rituximab has been used

with belimumab in clinical trials to treat patients with SLE and Sjogren’s syndrome (154-157). The
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rationale for the use of this combination is that, following depletion of B cells with rituximab, levels
of BAFF increase and may contribute to B cell differentiation and activation following repopulation
(158). In addition, elevated BAFF levels may promote long-lived plasma cells. In patients with
primary immune thrombocytopenia, antibody-secreting cells were the major splenic B cell population
that was resistant to rituximab. In patients who had not received rituximab, antibody-secreting cells
were predominantly short-lived plasmablasts, whereas in treatment-refractory patients they were
phenotypically long-lived plasma cells (159). This finding suggests that following B cell depletion the
ensuing cytokine milieu, including increased BAFF levels, may promote the generation of long-lived
plasma cells. Use of both rituximab and belimumab may therefore prevent the establishment of such

long-lived plasma cells, but this hypothesis remains to be tested.

B cell depletion and/or modulation therapy is an expanding field with numerous novel B cell-targeting
monoclonal antibodies being generated and new rituximab biosimilars coming into the clinical arena
(160). Differences in the B cell populations targeted will have an impact on the degree of B cell
depletion, the efficacy of the therapy, autoantibody production and potentially adverse effects (161).
Notably, B cell depletion agents directed at CD20 or CD22 do not target plasma cells and
plasmablasts, which lack expression of these cell surface markers. Nevertheless, in patients with RA
or AAV, B cell depletion with these treatments is associated with a reduction in autoantibody levels,
presumably through reduced maturation of B cells to plasmablasts and short-lived plasma cells, which
are important sources of autoantibodies (31). Direct targeting of plasma cells with high dose
glucocorticoids and proteasome inhibitors has also been attempted in alloimmune and autoimmune
diseases. For example, the BORTEJECT trial in late antibody-mediated transplant rejection, which
showed no benefit of bortezomib, a proteasome inhibitor, which prevents degradation of misfolded
proteins by proteasomes, with their subsequent accumulation leading to cell cycle arrest and apoptosis
in highly secretory cells(162), and the ongoing TAVAB trial of bortezomib in various refractory
autoantibody diseases, including SLE, RA and myasthenia gravis, looking for changes in
autoantibody levels following drug therapy (163). The use of combinations of rituximab and
proteasome inhibitors in resistant autoimmune diseases have been reported in small case series of
various autoantibody-mediated haematological diseases, demonstrating efficacy in 77% of cases and
complete remission in 38% (164). Novel anti-CD38 monoclonal antibodies that specifically target
plasma cells are being tested in multiple myeloma (165) and may prove useful in antibody-mediated
autoimmune diseases. Finally, chimeric antigen receptor (CAR)-T cells, which are engineered to
target specific antigens, including CD19 or CD22, have emerged as effective B cell depletion
therapies in the setting of B cell haematological malignancies (166). Similar therapies aimed at
antigens that could discriminate between memory and regulatory B cells may offer hope for more

targeted B cell therapy in the future. A proposed mechanism explaining the impact of B cell targeting
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strategies and the subsequent immune changes in autoimmunity and transplantation is shown in

Figure 4.
[H1] Adverse effects of B cell depletion

B cell depletion agents are increasingly used across a number of disease states. Although generally
safe with regards to risk of infection and malignancies, their use is associated with some important
adverse effects. Particular agents may affect some B cell subpopulations more than others resulting in
different types of immune responses, which may impact on the range and severity of adverse effects.
Non-B cell depleting agents can also impact B cell subsets, raising the possibility that particular drug
combinations could be used to increase the ratio of Breg cells to inflammatory B cells (167).
Following a dose of rituximab (with additional tacrolimus and mycophenolate), CD20-expressing B
cells are effectively depleted from the circulation, nevertheless some CD19*CD20" B cells persist
most of which are memory B cells (168). By contrast, in the lymph nodes, the total number of B cells
is unaltered, CD20* naive and some memory B cell subsets are reduced, but populations of
CD19*CD20* (IlgD'CD27* and IgDCD27)) memory cells are unchanged. Tfh cells, which are
essential to provide help for B cell differentiation into memory cells and plasma cells, are also
unaffected (168). This tissue resistance to rituximab may underlie some of its safety, as memory
responses to infectious organisms may be preserved, and potentially explain its more modest effect in
SLE, where IgD"CD27* and IgD"CD27- memory cells are expanded (169). Similarly, epratuzumab
seems to deplete a greater proportion of CD27- naive cells than CD27" memory cells, although this
effect might not be its main mode of action. Epratuzumab inhibits IL-6 and TNF-a production in
vitro, but IL-10 production is unaffected. This effect on cytokine production contributes to a

regulatory cytokine environment, but a specific impact on Breg cells has not been described (170).

Depletion of B cell subsets can lead to reduced T cell activation and in turn loss of viral surveillance.
Consequently, reactivation of viruses can occur, particularly in the case of hepatitis B infection in
which a significant number of patients can reactivate more than 6 months after their last dose of
rituximab (171). Current guidelines suggest the use of prophylaxis with antivirals in such patients
(171). A small number of cases of progressive multifocal leukoencephalopathy, related to JC virus
infection, have also been reported in patients treated with rituximab either alone or following other
immunosuppressive therapies (172). Patients should be counselled about this risk for which no

obvious preventative strategy exists at present.

Hypogammaglobulinaemia following B cell depletion therapy or targeting of B cell growth factors is
common, occurring in 30-56% of patients with AAV after rituximab treatment (173, 174), and in up
2% of patients with SLE in the first year of belimumab therapy with levels falling by a median of 13%
after 4 years of treatment (175). Total dose exposure of rituximab therapy may not predict

hypogammaglobulinaemia, as this effect is more likely to be related to the duration of B cell depletion
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(174). In the case of belimumab, 1gG levels decrease in the first year of therapy but stabilise thereafter
(175). Infection susceptibility is related to the severity of hypogammaglobulinaemia and can be
established functionally by assessing responses to vaccination, and modulated by use of intravenous

immunoglobulin replacement (174).

The future introduction of rituximab biosimilars, and other B cell depletion agents, might lead to
different adverse effects, which should be carefully assessed. Rituximab infusion reactions occur in
approximately 25% of patients with RA, and anti-drug antibodies (ADA) in 11% (176).
Immunogenicity is increasingly recognised as a potential impediment to the safety and efficacy of
biological therapy, but a rigorous evaluation of the incidence as well as of the clinical consequences
of ADA is still awaited.

[H1] Conclusions

B cell targeting therapies are effective in many systemic diseases that affect the kidney, as well as in
renal transplantation. Nevertheless, the lack of efficacy in certain conditions emphasizes the complex
roles of B cells in immune-mediated disease states. In addition to the pathogenic roles of B cells in
autoimmune kidney disease and transplantation, B cells with regulatory properties can arise during an
inflammatory response and serve to limit such a response. Various Breg cell subsets have been
described with these properties, including IL-10-producing CD19*CD24"CD38" immature B cells
and CD19*CD24*CD27* memory B cells. Breg cells have been studied in various immune-driven

renal diseases and shown to be often numerically deficient and/or functionally aberrant.

Using Breg cells as markers of disease activity has so far proven to be difficult. In addition, total B
cell depletion appears to be a highly efficacious therapy for a number of immune-mediated renal
diseases, despite depletion of Breg cells as well. However, understanding the mechanisms through
which B cell depletion therapy is effective in particular disease states has proven to be complex. The
efficacy of such approaches is likely the result of a combination of reduced antibody secretion and
antigen presentation by B cells as well as the expansion of Breg cells following repopulation(Figure
4). Future prospects for B cell targeting therapies may involve combinations of treatments to deplete

pro-inflammatory subsets and expand regulatory subsets.
Key points

e B cells can promote disease through the production of antibodies, the release of pro-
inflammatory cytokines or antigen presentation leading to T cell activation and polarisation
o Regulatory B (Breg) cell subsets can attenuate disease through the action of the

immunomodulatory cytokine IL-10 and various other mechanisms
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e Imbalance in the numbers or function of pro-inflammatory and regulatory B cell subsets is
found in various immune-mediated renal diseases and renal transplant cohorts

¢ Quantitative and qualitative assessment of B cell subsets may provide biomarkers for disease
outcomes, predictors of disease relapse or instruct therapeutic strategies

o B cell depletion therapy has been successfully used for the treatment of various autoimmune
diseases that affect the kidney as well as in renal transplantation

o Asthe currently available agents deplete regulatory and pro-inflammatory B cell subsets, new
strategies such as the use of combination therapies and novel agents are required to enable
more targeted therapy

Figure 1 B cell and Breg differentiation pathways Immature B cells from the bone marrow enter
the spleen where they develop into mature B cells. Upon activation by antigen and with cognate T cell
help, mature B cells either give rise to short-lived plasmablasts or enter the germinal centre (GC)
reaction in which somatic hypermutation, affinity maturation and class-switch recombination occur.
Somatic hypermutation introduces changes in the genes encoding regions of the immunoglobulin
molecules involved in antigen recognition, the cells with increased specificity for antigen are then
selected through affinity maturation. The isotype of the antibody produced can be changed through
class-switch recombination. Certain B cells may then be selected into the memory B cell or long-lived
plasma cell pools. Upon secondary antigen encounter, memory B cells can either give rise to
antibody-secreting plasmablasts or to more memory B cells. IL-10-producing Breg cells have been
shown to arise at multiple stages during B cell development and are enriched within CD24"CD38"
immature B cell and CD24*CD38"CD27+ memory B cells populations. In addition, immature or naive
mature B cells can give rise to CD24 CD38"CD27* IL-10-secreting plasmablasts. The precursors of

Granzyme B* Breg cells remain to be identified.

Figure 2 B cell immune functions. a | B cells can contribute to immune responses through various
mechanisms. They produce antibodies that bind to antigen and induce activation of the complement
system or antibody-dependent cellular cytotoxicity. They can also function as antigen presenting cells
to induce T cell activation and memory cell differentiation. Finally, B cells can secrete pro-
inflammatory cytokines such as TNF-a, IL-6, GM-CSF, and IFN-y, which can activate myeloid
lineage cells and polarize T cell responses to drive Thl and Th17 responses. B cells can also regulate
immune responses via the production of soluble mediators (IL-10, TGF-B, GzmB) and through
surface expression of CD1d and PD-L1. These regulatory mechanisms inhibit T cells, monocytes,
pDCs and promote Treg cell responses. BCR, B cell receptor; GzmB, Granzyme B; LTalp2,
lymphotoxin alphal/beta2; TCR, T cell receptor.

Figure 3 Targets of B cell directed therapies. Current B cell directed therapies include the use of

monoclonal antibodies against B cell surface markers, such as CD20, CD22, CD52 and CD19, which
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lead to depletion or attenuated activation of B cells. In addition, other monoclonal antibodies and
fusion proteins are used to inhibit the binding of B cell growth factors to their cell surface receptors,
resulting in diminished cell proliferation and activation. The molecular targets of these therapies
include the BAFF and APRIL growth factors and the BCMA receptor. APRIL, a proliferation-
inducing ligand; BAFF, B cell activating factor; BCMA, B cell maturation antigen; mAb, monoclonal

antibody.

Figure 4: Proposed mechanism of action of B cell depletion therapy on various immune circuits
contributing to autoimmunity and transplant alloreactivity. Functional or numerical reduction in Breg
activity promotes pro-inflammatory circuits with enhanced Th17, Thl cell activation and pathogenic
antibody production. Following B cell depletion, reduction in short lived plasma cells and some
memory cells, reduces autoantibody production, pro-inflammatory cytokine production and antigen
presentation to T cells. Following B cell reconstitution with greater proportions of immature cells,
more regulatory circuits are re-established, with greater 1L10 production and diminished Th17, Thi,

and monocyte activation, allowing establishment of disease remission.
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Table 1 | Regulatory properties of human Breg cells

Breg cell subset or
variant
B10 cells

Immature B cells

Plasmablasts

Brl cells

GzmB Breg cell

Phenotype

CD19+CD24hiCD27+

CD19+CD24hiCD38hi

CD19+CD24hiCD38+CD27int
CD39+CD73+CD25+
CD19+CD25hiCD71hiCD73-

CD19+CD138+CD38+CD25+CD27+GzmB
+

CD19+CD38+CD25+CD1d+CD10

Functional effects

Suppress, monocyte effector function, including
TNF-a production

B10 cell numbers do not correlate with disease
state in SLE, but are reduced in AAV

Suppress CD4+ Th1 cells (IFN-y and TNF-a
production) and Th17 cell (IL-17 production)
Suppress CD8+ T cell responses, induce Treg cells
and maintain iNKT cells

Role for PD-L1 signalling in inhibiting T cell
responses

Suppress dendritic cells and CD4+ T cells

Inhibit CD4+ and CD8+ T cell proliferation
Suppress antigen-specific proliferation of CD4+ T
cells

CD4+ T cell inhibition via enhanced T cell
apoptosis and reduced proliferation

22

Mediators

IL-10

IL-10, CD80, CD86

PD-L1

Treg cell induction is contact
dependent

IL-10;5-AMP, adenosine

IL-10, 1gG4

Contact-dependent
GzmB-mediated

No role for I1L-10 or TGFB
IL-10, GzmB, indolemamine
dioxygenase

Refs

7

(56,
76)

(58,
177)
(83)

(94)



Table 2 | Potential translational use of B cell subsets in renal disease*

Disease Potential diagnostic | Finding Translational Impact Refs
use
Kidney Breg cell Low cytokine ratio is a Non-invasive means of (101)

transplantation

IL10:TNF-a ratio

marker of poorer outcome
with greater chronic immune
alloreactivity

CD24"CD38" Breg

Lower Breg cell number is

monitoring graft function.
Potential to augment or
optimise immunosuppression
in patients with low IL-

82-84 (97, 99, 100)

cell number associated with higher graft | 10:TNF ratios or Breg
rejection rates numbers
ANCA associated | Memory B cell Higher frequency of memory | Potential to predict patients (178)
Vasculitis subsets B cells associated with at high risk of relapse
earlier relapse
CD5+ B cells Lower numbers of CD5- (116-118)
expressing B cells associated
with earlier relapse?
Plasmablasts Higher plasmablast (179)
(CD38hiCD27+) percentage during remission
is predictive of relapse
SLE CD1d-expressing Restoration of CD1d Potential to predict (75)
immature B cells expression levels on satisfactory levels of
CD19CD38"CD24" cellsis | immunosuppression in
associated with a clinical treated patients
response
Immature:memory | Higher ratio associated with | Potential to define levels of (134)
B cell ratio clinical response following adequate treatment
rituximab therapy
Nephrotic Class switched Return of memory B cells Potential for monitoring and | (147)
syndrome and/or | memory B cells following rituximab therapy | timing of redosing of
relapsing minimal is associated with disease rituximab treated patients
change disease relapse
19G4RD Plasmablasts Elevated levels associated Monitoring of therapeutic (141)

(CD19lowCD38+C
D20-CD27+)

with disease activity

response, potentially a better
marker than 1gG4 levels

. *Not confirmed in large prospective clinical trial samples.
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Table 3: Reported effects of immunosuppressive drugs on Breg cell populations

Drug

Effect on Breg cells

Setting

ref

Prednisolone

Reduced numbers of
CD19*CD20*CD24"CD38" Breg cells in
patients on steroids compared to those off
steroids.

Increase in numbers following prospective

withdrawal of steroids

Kidney

transplantation

(95)

Azathioprine

Reduced numbers of
CD19*CD20*CD24"CD38" Breg cells
compared to patients not on azathioprine

Kidney

transplantation

(95)

Calcineurin inhibitors

Either no effect or reduced numbers of
CD19*CD20*CD24"CD38" cells compared
with healthy individuals

Kidney

transplantation

(95, 97,
98)

Sirolimus

Reduced numbers of
CD19*CD20*CD24"CD38" cells, compared
with healthy individuals

Reduced numbers of naive (CD19*IgD*CD27")
and greater numbers of memory
(CD19*IgD*CD27*) B cells at one year
compared with CsA when used in combination
with thymoglobulin induction and with MMF
and steroid maintainence

Increased IL-10 and TGF-$ production in B
cell-containing PBMCs, possibly regulating the

generation of Treg cells

Kidney

transplantation

(97, 106
180, 181)

Alemtuzumab

Increased levels of CD19*CD20*CD24"CD38"
Breg cells comared with basiliximab treated
subjects

Transient increase (at 6 months) in Breg cell
numbers and persistence of naive B cells,
irrespective of sirolimus of tacrolimus

maintenance

Kidney
transplantation

(102,
182)

Abatacept

No change in CD19*CD20*CD24"CD38" Breg

cells after 6 months of therapy

RA

(89)

Rituximab

Repopulation of B cells following rituximab is

SLE, AAV

(112,
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associated with a relative increase in immature 134)

B cells compared with memory B cells

CsA, cyclosporine A; HC, healthy control; MMF, mycophenolate mofetil; PBMC, peripherial blood

mononuclear cells; RA, rheumatoid arthritis; SLE, sytemic lupus erythematosus.
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Glossary terms

Operational tolerance: long-term allograft acceptance without the requirement for continuous
immunosuppression.

Germinal centre reaction: process through which high-affinity, class-switched plasma cells and
memory B cells are generated

type 1 response: producing Thl cytokines, such as IFN-g and I1L12
type 2 response producing Th2 cytokines, such as 1L4
iNKT: CD1d-resticted lipid-reactive T cell population that express a semi-invariant of3 T cell receptor

Induction therapy: Initial immunosuppressive therapy at time of transplantation or initial treatment of
autoimmune disease

Maintenance therapy: Continuous immunosuppression to maintain stable graft function or remission
in autoimmunity,

Cryoglobulinaemia: Syndrome of circulating cryoglobulins, immunoglobulins that precipitate at
temperatures below 37°C, leading to skin, kidney and neurological disease

Nephrotic syndrome: A triad of oedema, proteinuria of more than 3.5g/day and hypoalbuminaemia.
Often with marked hypercholesterolaemia.
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Membranous glomerulonephritis: Maybe primary (Idiopathic ) or secondary to other diseases, such as
SLE; A glomerular disease with subepithelial immune complexes, causing nephrotic syndrome,
frequently associated with antibodies to phospholipase A2 receptor or thrombospondin type 1
domain-containing 7A

Minimal change disease: a common cause of nephrotic syndrome in children and adults, with minimal
histological abnormalities on light microscopy, but podocyte effacement on electron microscopy.
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