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Abstract

B cells have often been ignored in tumor immunology for years, with the idea that humoral and cytolytic responses work against each other; instead CD8+ T
lymphocytes were focused on for tumor immunology, because of their ability to directly kill tumor cells.

In studies conducted to date, the role of B lymphocytes in tumor immunity has been largely unclear, and the results from the research groups are controversial;
nowadays, many antitumor responses of B cells have been determined and molecular mechanisms have been tried to be defined.

B cells are phenotypically and functionally heterogeneous and have been reported to play an important role in the antitumor response.

An understanding of the molecular mechanisms of B cells in tumor immunology and the characterization of the functions of B cells will help to develop new clinical
strategies for cancer immunotherapy, as well as be a guide to predict the clinical outcomes of patients with carcinoma and to identify more effective treatments.

Introduction

B lymphocytes were first identified in birds. Following the removal
of bursas in chicks, the ability to produce antibodies in chickens has
been found to be severely impaired [1]. A decade later, it was found
that mammalian B cells were obtained from the bone marrow and
plasma cells, the source of antibodies, developed from B cells [2].

Over the years, most of the studies on B cell function in the
immune response have focused on antigen presentation and antibody
production. It has also been shown that B lymphocytes can act as
effector or regulatory cells [3].

B cells have often been ignored in tumor immunology for years,
with the idea that humoral and cytolytic responses work against each
other [4]. In tumor immunology, due to the frequent presence of
CD8 + T lymphocytes in peritumoral lymphocytic infiltration, these
cells were thought to be associated with surveillance in patients with
carcinoma. There was a focus on CD8 + T lymphocytes due to their
ability to directly kill tumor cells [5].

In a study of 80 patients with soft tissue sarcomas in 2012, high
CD20 + peritumoral B lymphocyte density was reported as an
independent negative prognostic indicator for these cases and further
investigation was reported to be needed to determine if they would
increase metastatic potential [6].

In a study in 2018, it was reported that tumor infiltrating B
cells (TIL-B) in breast carcinoma were not positively or negatively
important in humoral and cellular immunity, and that IL-10 secreted
from antibodies and B lymphocytes was involved in the process, and
that TIL-B are potentially binding to lymphocytes and have immune
checkpoint inhibitor effects [7].

In studies conducted to date, the role of B lymphocytes in tumor
immunity remains largely unclear and controversial [1].
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In this review, we discuss the role of B cells in tumor immunology,
which may positively or negatively affect patients with carcinoma.

Classification

In tumor immunology, B cells can be classified in 4 groups
according to Li et al. [1].

CD40-Activated B (CD40-B) Cells
Tumor Killer B Cells
Tumor-Infiltrating B Cells (TIL-Bs)
Resting and Regulatory B Cells
CD40-activated B (CD40-B) cells

CD40-B cells are thought to be an excellent source of
professional antigen-presenting cell (APC) for antigen-specific tumor
immunotherapy. Many studies have shown that it has strong effects on
carcinoma immunotherapy. CD40-B cells provide strong expansion of
antigen-specific CD4 and CD8 positive T cells, including naive CD8
positive T cells. They induce T cell proliferation, interferon-y (IFN-y)
production, and specific cytotoxic T lymphocyte (CTL) responses [8,9].

In mouse models, CD40-B cells have been shown to present
antigen to pure CD8 positive T cells to induce the formation of strong
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T-effectors that can directly secrete cytokines and kill target cells. In
addition, it has been shown that CD40-B lymphocytes can co-localize
with T cells in T lymphocyte-rich regions of secondary lymphoid
organs by expressing some molecules [9,10]. This condition would
facilitate CD40-B cell and T cell contact for antigen presentation.

Li et al. [11] demonstrated an antitumor activity enhanced by a
tumor-draining lymph node stimulated by anti-CD40 monoclonal
antibody in their study with a metastatic mouse model. Luchi et al. [12]
reported in their study that host B cells are required for T cells adapted
to mediate optimal antitumor immunity.

Tumor killer B cells

B cells can directly kill tumor cells by means of mechanisms
independent of antibodies. Recent studies have shown that B cells
express death-causing ligands and thus can mediate cell death in many
cases [1].

B cells were shown to be directly cytotoxic against tumor cells
with Fas ligand, tumor necrosis factor-associated apoptosis-inducing
ligand (TRAIL), programmed death ligands 1 and 2 (PD-L1 and PD-
L2) and granzyme B (GrB). B cells can produce antibodies that lead
to CDC (Complement-dependent cytotoxicity) and ADCC (Antibody-
dependent cellular cytotoxicity). In addition to B cells’ ability to directly
kill tumor cells by means of mechanisms independent of antibodies, it
is also thought that functionally sensitized and activated B cells may
function as effector cells to mediate antitumor immunity [13-16].

Lietal. [17] reported that sensitized and activated B cells mediated
tumor regression in cancer immunotherapy and activated B cells were
then transferred to tumor-bearing receptors for treatment and this
significantly reduced lung metastases.

Tumor-infiltrating B cells (TIL-Bs)

TIL-Bs are controversial in antitumor immunity. TIL-Bs were
detected in many malignancies. Some studies have reported that the
presence of TIL-Bs is associated with increased survival, low recurrence
rates, and low metastasis rates [1,18].

In a study with high grade serous ovarian carcinoma, the presence
of intraepithelial CD20 + TIL-Bs was associated with disease-specific
survival, and the relationship between immune infiltrates and survival
was also reported to be related to the histological subtype [19].
Mahmoud et al. [20] in their study of different histological subtypes,
obtained positive results in the presence of CD20 + TIL-Bs.

On the other hand, TIL-Bs can produce cytokines that contribute to
tumor development. TIL-Bs in prostate carcinoma have been reported
to produce an inflammatory lymphotoxin, followed by the activation
of STATS3 in tumor cells. In this study, B cell infiltration was detected
in 100% of human prostate carcinoma samples and B cells could not be
detected in normal prostate or benign prostatic hyperplasia samples [21].

Similarly, another study reported that tumor infiltrating T and B
cells were not associated with long-term survival of non-small cell lung
cancer patients [18].

Resting and regulatory B cells

In contrast to activated B cells, there have been many reports
suggesting that resting B cells will support the development or
progression of cancer. Resting B cells are small B cells at the GO stage
of the cell cycle prior to activation. Studies have shown increased
effector T cells, T cell infiltration of tumors, increased Th1 cytokine and
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antitumor CTL response, and even decreased T regulatory cell (Treg)
frequencies in B cell deficient mice. NK cell antitumor activity has also
been reported, but the mechanisms are not fully understood [22-24].

In some studies, it has been reported that B cells in the preparation
phase cause CD4 + T cell deactivation for CTL-mediated tumor
immunity [23]. The effects of B cells on antitumor immunity are
assumed to be dependent on the presence of B-cell subsets, which are
mainly located under certain tumor conditions.

Mizoguchi et al. demonstrated that IL-10-producing B cells, which
they named regulatory B cells (Bregs) may suppress inflammatory
responses in experimental autoimmune encephalomyelitis, collagen-
induced arthritis, and colitis [25].

In most of these studies, while Bregs has functions related to IL-
10 production, their mechanisms have still not been identified due
to conflicting results regarding the phenotypic characterization of
IL-10 producing cells. IL-10 is an immunomodulatory cytokine and
inhibits Thl polarization, prevents Th2 responses, and suppresses
proinflammatory cytokine production by monocytes and macrophages.
So far, the role of Bregs in tumor immunology is unclear, but several
studies suggest that Bregs can negatively regulate antitumor immunity [1].

In the mouse carcinogenesis model, Schioppa et al. found an
association with an increase in IFN-y producing CD8 +T cells in the spleen,
and a significant reduction in B-regulatory cells producing IL-10 [26].

In another study, Horikawa et al. reported that lymphoma inhibited
deposition during CD20 immunotherapy in mice which produced IL-
10 by Breg [27].

Bregs also causes differentiation of the Tregs. It has been shown
that IL-10 produced by Bregs in various disease models is important to
produce Tregs [28].

Conclusion

B cells are phenotypically and functionally heterogeneous and play
a role in tumor immunity. The literature shows that B cells play an
important role in the antitumor response.

B cells

o present tumor antigens to T cells, in order to create antitumor
cytotoxic T lymphocytes.

« with the tumor antigen stimulus, can convert into plasma cells to
create antibodies targeting tumor cells through antibody-dependent
cellular cytotoxicity (ADCC) and/or complement-dependent
cytotoxicity (CDC) pathways.

o can serve as killer cells, in the absence of antibodies, to directly cause
tumor lysis.

« migrates to tumor tissue and can become TIL-Bs, which can induce
humoral immune response or function as local killer cells.

« decrease antitumor reactions by creating the immunomodulator
cytokine IL-10, by suppressing Th1 immune response and increasing
Treg and Tr1 response.

An understanding of the molecular mechanisms of B cells in tumor
immunology and the characterization of the functions of B cells will
help to develop new clinical strategies for cancer immunotherapy,
as well as be a guide to predict the clinical outcomes of patients with
carcinoma and to identify more effective treatments.
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