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Clonal redemption of
B cells in cancer

Tyler R. McCaw, Serena Y. Lofftus and Joseph G. Crompton*

Department of Surgery, Division of Surgical Oncology, University of California, Los Angeles,
CA, United States

Potentially self-reactive B cells constitute a large portion of the peripheral B cell
repertoire in both mice and humans. Maintenance of autoreactive B cell
populations could conceivably be detrimental to the host but their
conservation throughout evolution suggests performance of a critical and
beneficial immune function. We discuss herein how the process of clonal
redemption may provide insight to preservation of an autoreactive B cell pool
in the context of infection and autoimmunity. Clonal redemption refers to
additional recombination or hypermutation events decreasing affinity for self-
antigen, while increasing affinity for foreign antigens. We then review findings in
murine models and human patients to consider whether clonal redemption may
be able to provide tumor antigen-specific B cells and how this may or may not
predispose patients to autoimmunity.
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Introduction to clonal redemption

A complex series of recombination events during development inexorably culminates
in formation of self-reactive B cell receptors. Although these cells can be eliminated prior to
egress from the bone marrow in central tolerance, a significant number of self-reactive B
cells can be isolated from the peripheral blood of healthy individuals; indeed, 55-75% of
new immature B cells and 20% of mature naive B cells in humans are potentially
autoreactive (1). These cells can escape peripheral deletion through adopting a state of
anergy or hyporesponsiveness. Persistence of these autoreactive cells, though, begs the
question: what is the purpose of maintaining such a significant autoreactive B cell
population? Evolutionarily, this is ostensibly counterproductive as it represents a
substantial energy expenditure as well as possible autoimmune pathology, detrimental to
the host. Conversely, elimination of all self-reactive B cells is anticipated to create large gaps
in the B cell repertoire that could be exploited by pathogens (2). Maintenance of a low-
affinity polyreactive pool, capable of recognizing self or pathogenic antigens, can serve as a
compromise, providing an early or first-line response to rapidly address a pathogenic threat
(3). Then, to mitigate long term autoimmune effects, these autoreactive cells can enter a
germinal center (GC) where they might undergo somatic hypermutation (SHM) with
selection of mutants that are specific for antigen and deletion of more autoreactive mutants.
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This was demonstrated in murine B cells specific for HEL antigen,
wherein an initial S52N mutation in CDR2 decreases affinity for
self-antigen, followed by accrual of subsequent mutations away
from autoreactivity to enable self versus non-self discrimination (4).
This phenomenon, termed “clonal redemption”, describes entry of
self-reactive B cell clones into the GC wherein SHM abrogates
autoreactivity and promotes increased affinity for a specific antigen.
Direct experimental evidence for clonal redemption in humans was
provided by analysis of three antibodies with autoreactive
preimmune sequences. The authors focused on heavy chain V
segment IGHV4-34*01, which contains a hydrophobic patch
conferring autoreactivity to the red blood cell antigen poly-N-
acetyl-lactosamine and agglutination thereof. SHM disrupted the
hydrophobic patch to abrogate binding to self-antigen and
increased affinity for RhD or vaccinia. Notably, mutations
decreasing affinity for self- and increasing affinity for foreign
antigen were non-overlapping, suggesting distinct mechanisms
governing both processes (5).

In the context of cancer—since many cancer antigens are self or
near-self—a theory of clonal redemption may provide a useful
conceptual framework to investigate the relationship between B
cell-mediated anti-tumor immunity and B cell-mediated
autoimmunity in cancer patients. In this review, we expand the
definition of clonal redemption to include elaboration of tumor-
reactive antibodies via entry into the GC or extrafollicular
production without further SHM. The overall goal is to develop
an understanding that would result in therapeutic approaches
that minimize B cell-driven autoimmune events while
concomitantly enhancing the therapeutic efficacy of humoral anti-
tumor immunity.

Humoral immunity in human cancer

Humoral immunity mediated by B cells is critical in response to
both acute and chronic infections. Recent evidence also points to a
role for B cells in anti-tumor immunity, as presence of B cells and
tertiary lymphatic structures (TLS) in the tumor microenvironment
(TME) correspond with improved patient outcomes in a variety of
cancers including: high grade serous ovarian (HGSOC) (6),
colorectal (7), gastric (8), melanoma (9), sarcoma (10), tongue
squamous cell carcinoma (11), cervical squamous cell carcinoma
(12), and lung (13). Particularly, in breast cancer increased
frequencies of TIL-B correlate with an increased T cell infiltrate
as well (14, 15). In node positive HER2+ and TNBC patients,
increased TIL B further demonstrated a positive correlation with
increased TLS as well as disease free survival and overall
survival (15).

An inherent autoreactive proclivity is present within the B cell
compartment as evidenced by the ability to produce antibodies to
tumor antigens, which often possess highly concordant structures
with native protiens. Here, potential tumor antigens, or near-self
antigens, include bonafide neoantigens (secondary to somatic
mutations), overexpression of native proteins, ectopic protein
expression, altered post-translational modifications, or potentially
alterations of protein structure within the TME. As tumors arise
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from autologous cells expressing self-antigen, the production of
antibodies to self- or near-self antigens has been thought to
represent improved immune surveillance in the setting of
increased presentation of tumor self-antigen, and autoantibodies
have been suggested as a prognostic biomarker for early disease in a
number of cancer types (16-19). (For a comprehensive review on
tumor-associated antibodies see Laumont et al. (20)).

Atypical B cell as candidate clonal
redemption population in humans

Human atypical B cells (ABCs) were initially defined as CD21-
CD27- (21) and functionally hyporesponsive to chronic antigen
exposure in malaria and HIV. This was also demonstrated following
in vitro stimulation with BCR ligation, CD40, TLR9, showing
reduced calcium flux and proliferation (22). Moreover, these cells
undergo CSR and SHM but to a lesser extent than their classical
memory CD27+ counterparts (21, 23). This suggests they are
antigen experienced and may adopt a long-lived, memory
program analogous to exhaustion. Study of ABCs has been
confounded by inconsistent definitions used in the literature;
however, both mouse and human ABCs appear to express CD11c,
Tbet, Zeb2, FCRL5 among others (24-26), redemonstrated by next
generation RNA-sequencing analysis (24, 27). FCRL5+ ABCs are
formed in both acute and chronic infections, though their frequency
is significantly increased following chronic antigen exposure (28).
These cells do not express CXCR5, CCR7, and CD62L but are
positive for CCR6 and CXCR3, which likely explains their
preferential localization to non-lymphatic tissues and sites of
inflammation (21-23).

Early observations revealed that Tbet and STAT1 expression in
circulating CD19+ B cells of patients with SLE are significantly
higher than healthy controls (29). Indeed, IL-21 can potently induce
CD11c" Tbet+ B cells from SLE patients and promote
differentiation into autoreactive antibody secreting cells (ASCs).
This then provides context to the observed correlation between
ABCs, defined as CD11c"™, and reactivity to many self-antigens (55
of 95 autoantigens, including dsDNA, nucleosome, histones, RNP,
Smith, La, chromatin) as well as a disease severity score (30). These
human studies in SLE are thereby concordant with murine studies
demonstrating that Tbet+ B cells are a multipotent memory
population with ability to generate autoantibody producing cells.

A similar ABC population is found in malarial infection but
does not appear to be pathologic in this context. Indeed, antibodies
from ABCs in patients with malaria possess specificity to
Plasmodium falciparum as well as autoantigens (31, 32). Patients
with active Plasmodium vivax infection were found to produce
more Tbet™ atypical memory B cells compared to non-exposed
individuals, which had switched IgG, increased expression of
FcRL5, and reduced Syk phosphorylation on BCR ligation. These
were maintained for at least 3 months post infection. Here, IFNY,
TLR7/8, and/or IL-21 were required for differentiation into ASCs
(33). This is consistent with an antigen experienced, switched ABC
population that is hyporesponsive to BCR signaling in malaria.
Reasons for observed discrepancies between malarial infection and
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SLE remain elusive but may relate to failure in regulatory
mechanisms. For example, B cells in patients with SLE have
incomplete X inactivation by the IncRNA XIST, yielding
increased dosage of TLR7 and genes related to IFNY production,
poising cells for ABC differentiation and autoimmunity (34).
Additionally, while ABCs represent a distinct differentiation fate
that is largely conserved across disease states, transcriptional
analysis revealed heterogeneity in this subset that might
contribute to pathology-specific outcomes (27).

Atypical B cells in cancer

B cells with overlapping phenotypes as ABCs have recently been
reported in several human cancers, suggesting their trafficking to and
accumulation within the TME. In 32 patient samples of SCC of the
tongue, increased frequencies of CD19+ CD27- IgD- IgM- B cells
correlated with reduced disease burden in the lymph nodes (35). In
an analysis of patients with high grade serous ovarian cancer, the
majority of CD20+ TIL were IgD- IgM- IgG+, indicating antigen
experience and class switching, showed evidence of SHM, and
demonstrated increased clonality. The majority of these TIL-B were
also CD27-, suggesting an ABC phenotype (36). The authors note,
however, a paucity of GC B cells and plasmablasts by flow and do not
note organized TLS by immunofluorescence, suggesting that this
SHM may be occurring in the tumor-draining lymph nodes with
trafficking of these clones to the TME. In a study of 120 cases of HCC,
infiltration of the tumor margin with CD20+ B cells correlated with
improved patient outcomes. These cells tended to have a phenotype
consistent with switched ABCs—CD27- CD38-, IgD-, IgM-, IgG+.
Moreover, these cells produced IFNy by flow cytometry, intimating
Tbet expression. Ex vivo killing assays demonstrated an ability of
these cells to directly kill tumor cells as well as express granzyme B
and TRAIL. Although, production of tumor-reactive autoantibodies
was not assessed (37). In a cohort of early-stage breast cancer
samples, CD21- CD27- IgD- CXCR5- B cells, suggestive of ABCs,
were enriched in the TME. Pre-treatment, these represented about
35% of CD27- IgD- B cells, while expanding to nearly 90% post-
chemotherapy (38). It is tempting to speculate that chemotherapy-
induced liberation of damage-associated molecular patterns may
signal through TLRs to participate in ABC stimulation and
proliferation. Collectively, these studies demonstrate that antigen
experienced, class switched ABCs accumulate within the human
TME and seem to correlate with improved outcomes. Upregulation
of IFNy and granzyme B suggest these cells can directly engage and
kill tumor cells in the TME. Studies investigating antibody specificity
for tumor antigens and propensity to form intratumoral TLS are still
needed to understand the role these cells have in tumor-specific
antibody production and whether tumor TLS can support SHM of
these populations.

Lessons from murine studies

Studies of autoreactive antibody production in mice have
focused on a role for innate signaling through TLRs and IFNy
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signaling with consequent induction of the transcription factor
Tbet. This line of evidence began with description of CDI1lc+
CD11b+ or CD21- CD23- B cells in aging mice (25, 39), now
known to encompass ABCs. Indeed, Tbet overexpression is
sufficient to drive a CD11b+ CD11c+ B cell phenotype. Tbet and
CDl1l1c expression in B cells can also be induced by BCR
engagement in cooperation with TLR7 or TLR9 and IFNYR
signaling. This population is induced following infection with
multiple murine viruses and B cell specific Tbet knockout drives
significantly increased titers of gamma herpes virus 68 (40). These
results suggest ABCs are necessary for control of viral load.
Moreover, that Tbet expression is common to ABCs and may be
a master regulator of this cellular program.

IgG2 (particularly IgG2a) is the most effective isotype for
controlling viral infections in mice (41, 42) and class switch
recombination (CSR) to this isotype can be regulated by Tbet in a
T cell-independent fashion. This has been demonstrated with
enforced expression of Tbet (43) as well as stimulation with LPS
and IFNy (44). BCR and TLR signaling can also cooperatively
induce CSR and AID through non-canonical NFxf} pathway ina T
cell-independent manner (45). Interestingly, in vitro culture of
Tbx21-/- B cells with anti-IgM, R848, IFNY, IL-21, and anti-CD40
can induce a CD1lc+ CD11b+ phenotype, likely encompassing
ABCs. However, frequencies of CD1lc+ CD11b+ B cells were
significantly reduced and produced significantly less IgG2c in
Tbet deficient cells (46). Together these results suggest that ABCs
might be generated without Tbet but that these cells likely do not
achieve the same functional capacity as Tbet replete ABCs, or that
Tbet is instead required for maintenance of this cellular program.

Importantly, CSR to IgG2a/c is also associated with
autoimmunity as these isotypes are enriched for autoreactive
antibodies. A role for Tbet+ B cells in autoimmunity then is
unsurprising. For example, B cell specific Tbet deletion (under the
control of CD19 Cre) significantly reduces kidney pathology and
improves overall survival in several murine models of lupus.
Development of autoantibodies (anti-chromatin) and CSR to
IgG2a is significantly delayed with a concurrent reduction in
frequency and number of CDllc+ B cells in these knockouts
(47). Tbet expression in B cells can also be induced in an IFNy
independent fashion through TLR-MyD88 signaling (48). It follows
that chronic stimulation of WT B6 mice with TLR7 agonist (but not
TLRY) led to development of anti-Smith autoantibodies in a MyD88
dependent fashion. This could be rescued with deletion of ABCs in
CD11¢-DTR mice (25). Using wiskott-aldrich syndrome protein
deficient (was-/-) chimeric mice with B cell specific TLR7 deletion
similarly yielded reduced development of autoantibodies and
progression of lupus-like glomerulonephritis. Interestingly, in this
model, deletion of TLRY exacerbates kidney pathology and
generates a broad range of IgG2c autoantibodies (49). This is in
contrast to work by Ehlers et al. showing that signaling through
TLR9-MyD88 is required for class switching and increased
formation of autoreactive IgG2a and IgG2b antibodies in another
murine model of lupus (50). Finally, Tbet expression can also be
induced in vitro with TLR4 signaling in combination with IFNYy or
IL-27 (51). Collectively, these results suggest potentially non-
redundant signaling through different TLRs in combination with
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BCR in response to unique environmental milieu for the generation
of ABCs.

These studies point to a role for ABCs in direct cellular
cytotoxicity as well as humoral immunity and autoimmunity. This
range of activities can be explained by the observation that Tbet+ IgM
+ B cells-encompassing CD11c+, CD11c-, and interconversions
thereof-can differentiate into all effector and memory lineages,
while also ensuring long-term persistence through self-renewal
(52). Since up to 90% of immature B cells are self-reactive (53),
autoreactive Ig predisposing to autoimmunity can potentially be
generated through failure of SHM and inability to alter antibodies
from autoreactivity (54) or incomplete B cell diversification after
entry into the GC (55). Collectively, this data implicates ABCs as a
source of autoreactive antibodies in murine models of autoimmunity.
It is conceivable that these autoreactive ABCs may serve as a substrate
for clonal redemption and generation of tumor-specific antibodies,
targeting near-self or overexpressed self-antigens.

Evidence for clonal redemption of B
cells in cancer

From an evolutionary perspective, clonal redemption is
postulated to have developed in order to avoid large gaps in the B
cell repertoire and better combat infection. In contrast, because
cancer typically afflicts organisms after reproductive age it would
not be expected to exert a selective pressure for such a potentially
dangerous mechanism. This then raises the question: can clonal
redemption contribute to an anti-tumor immune response? There is
emerging evidence that suggests accumulation of ABCs within the
TME. Although it seems likely that ABCs would be able to undergo
clonal redemption and generate tumor-reactive antibodies, this has
yet to be explicitly demonstrated.

Recently, Mazor et al. demonstrated IgG binding to the surface
of tumor cells from a range of primary human tumor tissue
specimens. Their findings suggested a functional relevance to the
autoantibodies observed in cancer, as tumor coating was associated
with improved patient outcomes. Analysis focused on high grade
serous ovarian (HGSOC), and these patients harbored frequent
autoantibodies to MMP14 (overexpressed in HGSOC). They next
sequenced heavy and light immunoglobulin chains of several
intratumoral ASCs and reconstructed clonal lineage trees to show
clonal diversification through progressive SHM. Their findings
suggest tumor-specific antibodies can be generated secondary to
SHM (denoted class I) or from germ-line sequence (denoted class
II). After SHM reversion, a similar number of analyzed MMP14-
reactive antibodies exhibited decreased binding as no change in
binding. Additionally, there were two cases of increased binding
after SHM reversion. Interestingly, in a large retrospective analysis
there was no increased incidence of autoimmunity of HGSOC
patients with autoantibodies (56). This work demonstrates
stepwise maturation of IgG sequence toward a defined tumor
antigen—overexpression of a native protein—in a manner
that apparently does not impose undue predisposition to
autoimmunity. Notably, a comparable number of tumor-reactive
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antibodies were found to arise from germline sequences without
further SHM. It should be mentioned that the small number of
patient samples used for this analysis (four) may limit the
generalization of their findings. Others have similarly observed
frequent autoantibodies to over- or ectopically-expressed proteins
in the context of tumors, including p53, the cancer testis antigen
NY-ESO-1, as well as other intra- and extra-cellular proteins (57,
58). These observations raise the possibility that autoreactive ABCs
can be stimulated and differentiate into ASCs through one of two
routes: (i) re-entry into the GC for additional SHM and mutation
away from self or (ii) extrafollicular production of autoantibodies
without further SHM (Figure 1). Because many identified tumor
antigens are over- or re-expressed native proteins (59, 60), this also
provides important evidence that autoantibodies targeting native
proteins overexpressed on tumors can be raised without
overt autoimmunity.

A major obstacle limiting our understanding of a possible role
for clonal redemption in cancer is identification and isolation of a
tumor neoantigen-specific BCR. Here, repertoire cloning could
facilitate lineage tracing and direct evidence for clonal redemption
in cancer, as has been done following infection or vaccination with
defined antigens. In murine studies, the presence of a defined
antigen would enable transfer of ABCs into tumor-bearing mice
with subsequent lineage tracing and mapping of clonally related
BCRs. In this way providing direct evidence for clonal redemption
as well as the spectrum of potential ABC fates in the context of
cancer. Phenotypic and transcriptional analysis of that lineage could
then inform possible therapeutic strategies. It is also unclear
whether clonal redemption could be accomplished in a mature
tumor-associated TLS. Because ABCs do not express typical
homing receptors for secondary lymphatic tissues, it is unclear if
they might be able to enter a GC, or if clonal redemption might take
place through extrafollicular mechanisms. Although it is tempting
to speculate, this area of investigation is yet in the early stages and
our understanding of whether clonal redemption plays a
biologically significant role in cancer will continue to evolve.

CDS5 expression marks another tumor-
reactive B cell population

Tumor reactive antibodies may also derive from an innate-like
population of B cells characterized by CD5 expression (also called
B-1a cells) in humans and their Ly-1 expressing counterparts in
mice. Although expanded in disease states, these populations are
also a normal component of the circulating B cell repertoire in
healthy subjects (61), accounting for approximately 20% of CD20+
cells (62, 63). A distinctive feature of these cells is their propensity to
produce polyreactive antibodies—targeting self and foreign
antigens (64). These “natural autoantibodies” are those derived
from germline sequences, typically IgM, and characterized by low
affinity (K4 of approximately 10 to 10°®) polyreactive binding (65),
though CD5+ B cells can also produce monoreactive, high affinity
antibodies suggestive of antigen-driven clonal selection (66).
Antibody targets are diverse and include self (proteins,
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FIGURE 1

Proposed schematic of ABC activation and differentiation. Following initial antigen encounter, ABCs are generated and maintained in a state of
hyporesponsiveness. Sufficiently strong signals through a combination of the BCR, TLRs, and cytokines can stimulate anergic B cells with or without T
cell help. These cells can then differentiate into ASCs or other B cell populations. In this process, ABCs can re-enter the GC for additional SHM or not.
Depending on the inflammatory context and specific constellation of signals provided, this process can yield tumor-specific antibodies or self-reactive
antibodies causing autoimmunity. ABC, atypical memory B cell; ASC, antibody secreting cell; LN, lymph node; TLS, tertiary lymphatic structure.

carbohydrates, lipids, nucleic acids) and non-self (virus, bacteria)
antigens (67). Their broad binding potential is due to a flat, flexible
binding pocket capable of adopting various configurations to
accommodate different antigens (68). Such structural promiscuity
is conferred by skewed use of VH sequences (69, 70) and frequent
use of the VH4-34 sequence (71). VH4-34 encoded antibodies are
inherently autoreactive recognizing straight chain poly-N-acetyl-
lactosamine on RBCs and B cells (72).

Abundance in the neonatal period and waning frequencies with
age (though consistent numbers) suggest a phylogenetically distinct
role for this population. Use of germline sequences and T cell
independent antibody secretion enables these innate-like cells to
sequester commensal bacteria within the gut and provide a first line
of defense against pathogens (73, 74). To prevent overt
autoimmunity, autoreactive B cells are typically excluded from the
GC preventing IgG CSR and memory formation; although, this
tolerance mechanism is compromised in the context of SLE (75, 76).

The above properties may also confer CD5+ B cells with anti-
tumor potential. Because CD5+ B cells, particularly those utilizing
VH4-34, often bind carbohydrate antigens, these populations may
be able to recognize the aberrant glycosylation and post-
translational modification patterns in tumors (77). In fact, the
ability of natural antibodies produced by CD5+ B cells to
recognize cancers of the stomach, colon, pancreas, esophagus,
lung, prostate, breast, and skin (melanoma) through binding to
carbohydrate moieties has been demonstrated (78). Remarkably,
these antibodies bind to precancerous and cancerous tissues but not

Frontiers in Immunology

to normal adjacent tissue (78-81). Antibody binding to tumor cells
was able to induce apoptosis during in vitro culture (78, 80).
Although breakdown of tolerance mechanisms in a tumor
draining lymph node and entry into the GC, as seen in SLE,
could provide an avenue for clonal redemption, this is unlikely to
be the case as the tumor-reactive antibodies from the above studies
were predominantly IgM, had little evidence of SHM, and increased
mutations actually resulted in decreased tumor binding. Thus,
CD5+ B cells might recognize tumors through increased avidity
of IgM antibodies for overexpressed proteins or aberrant
glycosylation patterns leading to structural differences in
tumor proteins.

Defining features of ABCs and CD5+ B cells intuitively invite
comparison. Both are poised for antibody production without T cell
help, are able to produce autoantibodies, and can express high levels
of costimulatory molecules (82). Both are subject to a core cellular
program of anergy due to chronic recognition of self-antigen, and
CD5 is a negative regulator of BCR signaling to help enforce anergy
(83). Furthering this point, single cell RNA-sequencing of murine
CD5+ and CD21'°%, CD23"" B cells (taken to represent ABCs in
this study) revealed anergy in both populations to be established by
EGR2/3, whose expression was proportionate to downregulation of
surface IgM by self-antigens. Importantly, though, these
populations largely segregated on clustering analysis (84).
Therefore, while these populations share many overlapping
features, their potential interrelatedness has been difficult to
discern. One issue has been inconsistent definitions of ABCs in
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the literature frequently obfuscate direct comparison. Moreover,
B-1 cells can either express CD5 at the protein level (B-1a) or only
the mRNA level (B-1b) (85); therefore, studies of CD5+ cells by
immunophenotyping may not capture the B-1b population.
Reconciliation of several key differences may help resolve the
issue. First, Tbet, a transcription factor induced by IFNy and
responsible for its transcription (86), is central to the ABC
program; however, IFNy signaling disrupts the CD5+ program
when IL-10 is depleted (87). Another notable discrepancy is the
capacity for transdifferentiation. Transfer experiments in mice have
demonstrated that ABCs can give rise to all B cell lineages, while
transfer of B-1 progenitor cells predominantly repopulates the B-1
and not the conventional B-2 (CD5-) lineage (88, 89). Given our
current understanding, it seems plausible that CD5+ and ABCs
represent distinct B cell lineages that have converged on a similar
role within the host immune response and corollary potential to
recognize tumors. In this sense, while ABCs might participate in
follicular or extrafollicular clonal redemption, CD5+ B cells would
seem to only participate in extrafollicular clonal redemption in
cancer (Figure 1).

Role in paraneoplastic syndromes,
autoimmunity, and checkpoint
inhibition

Autoimmune paraneoplastic syndromes, though a relatively
rare occurrence, have been well described clinically. These include
organ specific effects such as pemphigus in CLL and retinopathy in
breast cancer, or systemic autoimmune symptoms such as SLE in
non-small cell lung cancer and cholangiocarcinoma or systemic
sclerosis in breast and lung cancer (90). Many of these syndromes
have been associated with biologically active autoantibodies;
however, there are distinctions in the molecular underpinnings
between paraneoplastic syndromes and their non-malignant
autoimmune counterparts despite clinically similar presentations.
For example, in paraneoplastic pemphigus, isolated autoantibodies
recognized more distinct autoantigens, different epitopes on the
same autoantigen, and were primarily of subclass IgG1 and IgG2
when compared to pemphigus vulgaris which had primarily IgG4
autoantibodies (91). A combination of autoantibodies to tumor
associated antigens as well as autoantibodies to paraneoplastic
syndrome associated antigens have been investigated as
biomarkers in lung cancer and ovarian cancer (92, 93). Despite
this, there has been little direct evidence for linkage of the same self-
antigen expression by the tumor and the target autoimmune tissue.
Many paraneoplastic markers are autoantibodies to intracellular
proteins and are present in both paraneoplastic syndromes, and
underlying tumors (94). This, combined with the evidence of
epitope spreading in paraneoplastic syndromes suggests the loss
of peripheral tolerance in cancer is complex and may be
distinct from the processes that result in other well defined
autoimmune disease.

Immune checkpoint inhibition (ICI) may present an
opportunity to better understand the mechanisms underlying this
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loss of tolerance. Anti PD-1 and CTLA-4 treatment has resulted in
distant organ—speciﬁc autoimmune adverse events, even in cancer
types that had not previously been associated with spontaneously
occurring paraneoplastic syndromes (95). As these adverse events
may be more agent specific rather than specific to the underlying
tumor, it could suggest activation of preexisting autoreactive T and
B cells. Mechanisms proposed include release of inhibition by
regulatory T cells resulting in greater T:B cell cross talk, and
direct activation of Tbet+ B cells (96). Importantly, “CD21lo” B
cells are increased in patients with melanoma who are treated with
anti-CTLA4 or anti-PDI1 plus anti-CTLA4, and these cells were
transcriptionally suggestive of ABCs. Similarly, patients treated with
a combination of anti-PD1 and anti-CTLA4 are more likely to
develop immune related adverse events (97).

Autoimmunity in cancer has been demonstrated to have
positive prognostic value in a number of settings. Patients who
develop immune adverse events following ICI have improved
response to treatment (98-101) and patients who develop
paraneoplastic syndromes or spontaneous autoimmunity have
improved outcomes (102, 103). In patients who had a preexisting
autoimmune condition affecting an organ that subsequently
developed cancer, the tumors were small and less invasive, such
as in thyroid cancer arising in the background of thyroiditis (104).
Hence, a breakdown in tolerance may provide a beneficial anti-
tumor response, but successful clonal redemption may mitigate the
undesirable autoimmune effects while focusing the response on
tumor-specific antigens. Identification of mutated autoreactive
clones might act as a prognostic biomarker and evidence for
clonal redemption, though this has yet to be accomplished.

Prognostic and therapeutic potential

ABCs may participate in promoting autoimmunity by
presenting self-antigens to potentially autoreactive T cells. Indeed,
in mouse spleens these cells colocalize with T cells at the T:B cell
border, express MHCII and costimulatory molecules (CD80,
CD86), and potently induce T cell proliferation (105). This
suggests these cells, or their clonally redeemed analogues, may be
able to effectively stimulate tumor-specific T cell responses to
overexpressed self or near-self tumor antigens. For example, using
a murine model of lymphoma, intratumoral injection with an IL-
12-Fc fusion protein and TLRY agonist (CpG) can lead to
elimination of the injected primary tumor as well as a secondary
tumor site. Depletion of B cells using anti-CD20 antibodies
abrogated this effect, which was also contingent upon the
presence of T cells (106). Thus, vaccination strategies aimed at
intratumoral B cells can drive improved T cell responses in both
primary and distant tumor sites.

Despite their state of hyporesponsiveness, ABCs can also be
activated to differentiate into ASCs, supplying antibodies targeting
tumor associated antigens. Tbet-mediated CSR preferentially drives
production of IgG1 and IgG3 isotypes (107) and these antibodies
are anticipated to effectively incite tumor cell killing through either
complement dependent cytotoxicity or antibody dependent cellular
cytotoxicity (108). In this sense, immunization of mice and rhesus
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macaques with HIV-1 envelope protein (which exhibits molecular
mimicry with host kynureninase) and a TLR4 ligand with or
without alum can stimulate anergic B cells to undergo
differentiation into ASCs without overt autoimmunity (109). It is
encouraging to speculate that this reflects an ability to
therapeutically target ABCs. Indeed, targeting ABCs with vaccine
strategies may be a convenient mechanism to instigate production
of tumor-specific antibodies, as prior work has demonstrated that
ABCs are poised to form GCs (47, 110). Moreover, the presence of
intratumoral GC and TLS tend to predict response to ICI.
Consistent with this, using multiple models of murine TNBC
with increased tumor mutational burden, Hollern et al.
demonstrated that response to anti-PD1/anti-CTLA4 was
critically dependent upon CD4 T cells, B cells, IL-21, and secreted
antibodies. The dominant intratumoral CD4 T cell transcriptional
signature corresponded with that of T follicular helper cells (Tth)
and, alongside the requirement for IL-21, suggested that Tth:B cell
interaction drives response to dual ICI. They additionally showed
increased accumulation of CD19+, CD80+, CD86+, MHCII+ B cells
and production of IgG1 and IgG3 following dual ICI, which could
suggest participation of ABCs in this mechanism. Efficacy of dual
ICI was lost when antibody secretion was impaired or blocked
(111). These results collectively suggest a framework wherein ABCs
might be therapeutically targeted to produce tumor-specific
antibodies—potentially through TLS formation and clonal
redemption—while also stimulating tumor-specific T cell
responses. Continued investigations into the specificity of ABCs
and functionality within the TME will be required to determine the
clinical utility of such an approach.

Conclusions

In this review we have discussed the phenomenon of clonal
redemption of B cells and how it may participate in the anti-tumor
immune response. Tumor antigens include neoantigens, over or
ectopically expressed native proteins, altered post-translational
modifications, or alterations of protein structure within the TME.
ABCs might then recognize these antigens, become activated, and
produce tumor reactive antibodies, representing clonal redemption
in either a GC dependent or independent manner. A similar
mechanism of extrafollicular clonal redemption may exist for Bl
cells. Interestingly, cancer patients frequently harbor tumor-reactive
antibodies but do not incur systemic autoimmunity. The reasons for
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