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Activation of CD4 T cells by B cells has been extensively studied, but B cell-
regulated priming, proliferation, and survival of CD8 T cells remains
controversial. B cells express high levels of MHC class | molecules and can
potentially act as antigen-presenting cells (APCs) for CD8 T cells. Several in vivo
studies in mice and humans demonstrate the role of B cells as modulators of CD8
T cell function in the context of viral infections, autoimmune diseases, cancer
and allograft rejection. In addition, B-cell depletion therapies can lead to
impaired CD8 T-cell responses. In this review, we attempt to answer 2
important questions: 1. the role of B cell antigen presentation and cytokine
production in the regulation of CD8 T cell survival and cell fate determination,
and 2. The role of B cells in the formation and maintenance of CD8 T
cell memory.
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1 Introduction

Cytotoxic CD8 T cells represent in the adaptive immune response to intracellular
pathogens and various cancers. T cell responses can be divided into primary immune
response and immunological memory. The primary immune response is the activation of
naive CD8 T cells in response to a specific antigen presented by antigen-presenting cells
(APCs) and their subsequent proliferation and differentiation into effector T cells.
Immunological memory is created after the primary immune response and provides
protection against subsequent attacks by the same pathogen. Memory CD8 T cells also
need to be activated by APCs with costimulatory activity to regenerate effector CD8 T cells.
Effector CD8 T cells express various cytokines such as interferon (IFN)-y and tumor-
necrosis factor (TNF)-o. and the effector molecules, perforin, granzyme B (GZMB) and
Fas-ligand (FasL). T-bet and Eomesodermin (EOMES) are essential transcription factors
expressed in activated CD8 T cells that control their cytotoxic capacity (1, 2). During CD8
T cell response to infection, short-lived effector cells (SLEC) that will die by apoptosis
during the contraction phase of the immune response express high level of T-Bet (3). On
the other hand, EOMES is preferentially expressed in memory precursor effector cells

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1125605/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1125605/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2023.1125605&domain=pdf&date_stamp=2023-03-08
mailto:nicolas.degauque@univ-nantes.fr
https://doi.org/10.3389/fimmu.2023.1125605
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2023.1125605
https://www.frontiersin.org/journals/immunology

Van Meerhaeghe et al.

(MPEC) and is required for the formation of memory CD8 T cells
(4). B lymphocyte-induced maturation protein-1 (Blimp-1), a
transcriptional repressor, controls SLEC formation and the
transcription repressor B-cell lymphoma transcriptional repressor
6 (Bcl-6) is required for the generation of CD8 T-cell memory (5, 6).
The balance between the different transcriptional factors determines
the fate and efficient development of CD8 effector and memory T
cells. At which level B-cells play a role in priming of CD8 T cells,
differentiation into effector and memory CD8 T cells or recall of
memory is still under investigation. However, several in vitro and in
vivo models have attempted to unravel the mechanisms involved in
the crosstalk between B cells and CD8 T cells.

2 Evidence of B-CD8 crosstalk
from B-cell deficient and B-cell
depletion models

2.1 Efficacy of B-cell depletion therapy in
the treatment of autoimmunity beyond
“simple” B cell depletion

Autoimmune diseases are usually classified as organ specific
(e.g., type 1 diabetes (T1D), multiple sclerosis [MS], immune
thrombocytopenia [ITP], bullous autoimmune dermatosis,
primary membranous nephropathy) or multi-systemic (e.g.,
systemic lupus erythematosus, Sjogren syndrome,
dermatomyositis, anti-neutrophil cytoplasmic antibodies
(ANCA)-associated vasculitis).

The first step in understanding these diseases was the discovery
of autoantibodies, which have proven to be very useful diagnostic
tools and/or key effectors of damage in vivo and/or in vitro.
However, it soon became apparent that even in the presence of
disease-specific autoantibodies, T cells were actively involved in
cellular and/or tissue damage. With the progress of knowledge,
notably through the development of mouse models, it became
possible to classify these entities as either “humoral,” i.e.,
autoantibody-mediated and therefore B-cell-dependent, or
“cellular,” i.e., T-cell-mediated. Twenty-five years ago, the
immunotherapeutic arsenal for these patients was still limited to
immunomodulatory and/or pleiotropic immunosuppressive drugs
(corticosteroids, disulone, antimalarials, interferon and cytotoxic
agents such as cyclophosphamide, methotrexate or thiopurines,
cyclosporine, an inhibitor of calcineurin), and to plasmapheresis,
an antibody depletion therapy. Over the past 20 years, the
development of truly targeted therapies, i.e., biologics, has
transformed the management of several autoimmune diseases. B-
cell targeted therapies have been shown to be biologically and/or
clinically effective in diseases associated with autoantibodies but
thought to be T cell mediated, such as rheumatoid arthritis (RA),
MS, and, to a lesser extent, T1D. This apparent paradox has led to
the realization that a dichotomous view of T cell or B-cell mediated
autoimmunity is outdated. It is increasingly recognized that the role
of B cells goes beyond the production of pathogenic autoantibodies,
as already suggested by earlier experimental data obtained in MRL/
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Ipr mice that develop nephritis despite the absence of serum
autoantibodies (7). (Figure 1). The role played by B cells in
maintaining a CD4 T autoimmune response has been well
demonstrated in models of arthritis and diabetes (8). Several
mouse models have shown that expression of CD80/CD86
costimulatory molecules (9), production of IL-6 (10) or IFN-y
(11) by B lymphocytes play important roles in experimental
models of arthritis or encephalitis. More recently, data from
mouse models and therapeutic B cell depletion in patients suggest
that B cell may also promote a pathogenic CD8 T cell response in
autoimmune diseases (Figure 1).

2.2 B-CD8 crosstalk, what can we learn
from organ-specific autoimmune diseases?

ITP is characterized by autoimmune destruction of blood
platelets. It is a prototypical antibody-mediated autoimmune
disease. Response to B-cell depletion with Rituximab is frequent
but inconsistent (~60%). One current explanation is that Rituximab
refractoriness is characterized by the persistence of long-lived
autoreactive plasma cells in the spleen and in other sites, the
emergence of which may even be promoted by B-cell depletion
itself (12, 13). However, alternative and nonexclusive mechanisms
may be involved. One fifth of ITP patients have no detectable
antibodies, which may suggest that some cases of ITP are not solely
antibody mediated (Figure 1). Splenic expansion of effector memory
CDB8 T cells has been observed in Rituximab-refractory patients (14)
(Figure 1). In a mouse model of ITP, B-cell depletion with
Rituximab attenuated splenic CD8 T-cell proliferation and T-cell-
mediated thrombocytopenia (15). These data illustrate the
limitations of an overly dichotomous view of the pathogenesis of
autoimmunity: B-cell depletion may have a paradoxical detrimental
effect on pro-plasmacytic cells, whereas B-cell depletion may
dampen a pathogenic CD8 T-cell response (16) (Figure 1).

Multiple sclerosis is another prototypical organ-specific T-cell-
mediated autoimmune disease. As with other autoimmune diseases,
most of the T-cell data have focused on CD4 T cells, particularly
Th1, Th2, Th17, and Treg. Demonstration of the clinical benefit of
B-cell depletion therapy has led to the consideration of B cells as a
key architect of the immune response in MS (17). Rituximab has
been shown to be effective in MS and paved the way for the
development of Ocrelizumab, a comparable B cell depleting type
1 anti-CD20 antibody, which was approved by the FDA for MS in
2017. Recent long-term immunomonitoring data obtained in these
patients demonstrate that B-cell depletion therapy impacts the CD8
T compartment (Figure 1). Abadessa et al. recently reported that
Ocrelizumab decreased lymphocyte counts, with a predominant
impact on CD8 T cells (18). Similarly, Capasso et al., analyzed
immunoglobulin levels and CD4, CD8, and B-cell counts of patients
receiving Ocrelizumab every six months for two years and observed
continuous B-cell depletion with a progressive reduction in IgG
and, notably, CD8 T cells. Importantly, the progression of disability
was associated with a smaller reduction in CD8 cytotoxic T
cells (Figure 1).
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Regulation of CD8 function by B cells: evidence from experimental models and clinical observations.

Finally, in T1D, CD8 T cells are considered key effectors of
tissue damage. In non-obese diabetic (NOD) mice, B cells have been
shown to promote the local CD8 T cell response, whereas B cell
deficiency delays the development of diabetes (19) (Figure 1). In
patients with newly diagnosed T1DM, B-cell depletion therapy with
Rituximab was found to partially preserve beta-cell function during
the first year (20).

2.3 B-CD8 crosstalk, what can we learn
from systemic autoimmune diseases?

ANCA-associated vasculitis (AAV) and systemic lupus
erythematosus (SLE) are multisystem immune-mediated diseases
associated with pathogenic autoantibodies. In AAV, autoantibodies
target neutrophil cytoplasmic proteins in a mutually exclusive
manner: proteinase 3 or myeloperoxidase. In SLE, antibodies
recognize numerous nuclear antigens such as dsDNA, histones,
nucleosomes, ro/SSA52 (TRIM21), Sm protein and others.

Frontiers in Immunology

Humoral and cellular immune responses have been implicated in
the tissue damage of AAV and SLE. In 2010, McKinney et al.
performed transcriptional analysis of CD4 T cells, CD8 T cells, B
cells, monocytes, and purified neutrophils (21). Somewhat
unexpectedly, they identified a CD8 T-cell signature that
predicted patient outcome in SLE and AAYV, suggesting that CD8
T cells may play a key, but undervalued, pathogenic role in these
diseases (Figure 1). In AAV, continuous B-cell depletion therapy
with Rituximab (RTX) (500 mg IV every 6 months) was superior to
azathioprine, a pleiotropic immunosuppressant (IS), as a remission
maintenance therapy. How to reconcile the efficacy of B-cell
depletion with transcriptomic data pointing to CD8 T cells is
puzzling. During remission, we found that CD4 and Treg cell
subsets were comparable in RTX- and IS-treated AAV patients, in
contrast to CD8+ T cell subsets. RTX-treated AAV patients had a
reduced frequency of CD8 CD45RATCCR7 T cells (Effector
Memory expressing CD45RA; TEMRA) (Figure 1). Interestingly,
cytokine/chemokine production of CD8 T cells was reduced in
RTX-treated AAV patients but not in IS-treated AAV patients. In
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other words, B-cell depletion had a greater functional impact on
CD8 T cells than an immunosuppressant that has a direct impact on
T-cell biology (Figure 1). This paradoxical finding suggests that B
cells play a role in the CD8 T cell response in AAV (22).

In SLE, several lines of evidence indicate that CD8 T cells are the
effectors of tissue damage. In lupus nephritis, previous studies have
reported that CD8 T cells are the predominant lymphocyte
population in renal biopsy (23) and in urine (24). More recently,
single-cell RNA sequencing of kidney samples from patients with
lupus nephritis has identified several groups of CD8 T cells with
high expression of granzyme and/or perforin (25) (Figure 1).
Interestingly, such cytotoxic CD8 T cell signature was not
prominent in the skin (26). One of the many immune
disturbances seen in SLE patients is an expansion of CD4-CD8- o
BT cells. Recent data strongly suggest that these double-negative T
cells, which produce IL-17, are derived from autoreactive CD4-
CD8- o B T cells (27, 28). A decade ago, two pivotal clinical trials
using Rituximab (LUNAR, EXPLORER) failed to meet their
primary endpoint, calling into question the relevance of targeting
B cells in SLE. However, another B-cell-targeting therapy that was
finally proven effective was Belimumab (monoclonal antibody
directed against soluble B-cell stimulator [BLySS]), which was
approved by the FDA for non-renal SLE in 2011 and for lupus
nephritis in 2020. Data regarding the impact of B-cell targeted
therapy on T cells are scarce in SLE. In 2007, Vallerskog et al.
reported an increased frequency of activated CD8 T cells during B-
cell recovery (29). More recently, Regola et al. reported that the
initial proportion of effector memory CD8 T cells was associated
with initial disease activity and improvement with Belimumab (30)
(Figure 1). Recently, Obinutuzumab, a type II anti-CD20 that
induces potent B-cell depletion, has shown promising efficacy
in patients with lupus nephritis (31). Two phase III trials
have been initiated (OBILUP, NCT04702256, and ALLEGORY,
NCT04963296). Immunomonitoring data may shed light on the
link between B cells and CD8 T cells in SLE, as was recently seen
with Ocrelizumab in MS.

2.4 Antimicrobial immunity and vaccination

In clinical practice, it is now well documented that patients
treated with anti-CD20 B-cell depleting therapy has a higher
frequency of viral and opportunistic infections, suggesting T-cell
immunodeficiency. In RA patients treated with RTX, the risk of
herpes zoster is as high as in patients receiving a TNF-o or CTLA4-
Ig inhibitor (Abatacept) (32). RTX-treated patients also have a 3-
fold increased risk of developing Pneumocystis Jirovecii pneumonia
compared with those receiving a TNF-ot inhibitor (33). In addition,
B-cell depletion therapy can lead to reactivation of hepatitis B
associated with high morbidity and mortality. HBV screening and
prophylaxis are of utmost importance in patients receiving RTX
(34) (Figure 1).

In mice, several in vivo models have attempted to identify the
pathways by which B-cell depletion affects not only humoral but
also CD8 T cell mediated antimicrobial responses. Mice deficient in
mature B cells infected with chronic strain lymphocytic
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choriomeningitis virus (LCMV) showed increased depletion of
virus-specific CD8 T cell memory with impaired long-term viral
control (35) (Figure 1). In line with these findings, a B-cell deficient
(pMT'/') mouse model infected with Listeria monocytogenesis
showed impaired memory CD8 T cell responses. The authors
demonstrated a normal phase of activation and expansion of Ag-
specific CD8 and CD4 T cell responses in the absence of B cells, but
there was a deeper contraction phase leading to a lower level of Ag-
specific CD8 T cell memory. However, B cells played only a minimal
role once memory was established (36) or in the case of infection
with the acute strain of LCMV (37). Results in C57BL/6 mice
treated with anti-CD20 also resulted in defective CD8 T-cell
responses to the intracellular Trypanosoma cruzi parasite,
characterized by a reduced level of functional, short-lived
Trypanosoma cruzi-specific effector CD8 T cells. The expansion
phase of the immune response was not affected, but the contraction
phase was significantly shorter in the anti-CD20-treated mice. They
demonstrated a lower frequency of interleukin-6 (IL-6) and
interleukin-17A (IL-17A) producing cells when anti-CD20 was
administered. Treatment of mice with recombinant IL-17A
partially reversed the observed effect of B-cell depletion on CD8 T
cells, indicating that IL-17A secretion by CD4 T cells may be
important in the maintenance phase of the CD8 immune
response (38). The role of IL-17A/IL-17RA was also
demonstrated in a study by Xu et al, showing that IL-17A-
deficient mice infected with Listeria monocytogenes had a
deficient Ag-specific CD8 T cell response against the primary
infection (39) (Figure 1). In humans, it has been suggested that B
cell depletion may reduce the Thl7 response in autoimmune
diseases (17, 40, 41). How CD4 T cell influence the impact of B
cell depletion on the CD8 T cell response remains to be
delineated (Figure 1).

Patients treated with RTX can also show a reduced response to
vaccination. The ability of patients treated with RTX to mount an
efficient T cell response varies according to the nature of the
vaccine. Response to tetanus toxoid (42) was similar in RA
patients treated with RTX while a weaker response was observed
to pneumococcal polysaccharides or to neoantigen keyhole limpet
hemocyanin (KLH) vaccine (42). Impaired vaccine response was
also noticed in patients treated with Rituximab for ITP: after
vaccination with Streptococcus pneumoniae polysaccharides and
Haemophilus influenzae type b there was a reduced antibody
response and reduction of interferon-gamma-secreting T cells
(43) (Figure 1). A reduced CD8 T cell vaccine response was also
observed in RA patients treated with anti-CD20 upon influenza
vaccination (44) and the authors postulated that direct type I
interferon receptor signaling in B cells was important to support
CD8 T cell expansion by upregulating MHC-I molecules (44).
Reports on T cell responses after Sars-Cov-2 mRNA vaccination
in patients treated with anti-CD20 showed strong S-specific CD8 T-
cell responses and development of CD8 T cells with primarily an
effector memory phenotype despite poor humoral responses (45).
Obviously, B cell involvement in the induction of CD8 T cell
response to vaccination may depend upon many parameters such
as the nature of the antigenic target (protein vs. polysaccharides),
the vaccine technology (Inactivated, Live-attenuated, subunits,
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recombinant, conjugate, viral vectors, toxoid, messenger RNA
vaccines), adjuvants and route of administration.

X-linked agammaglobulinemia (XLA) is a primary immune
deficiency resulting from the absence of Bruton’s tyrosine kinase
(BTK), an intracellular signaling molecule essential for B cell
differentiation and survival. XLA is characterized by recurrent
bacterial infections due to the near-total absence of serum
immunoglobulins and peripheral B cells. Liu et al. reported that
CD8 cell responses to a trivalent inactivated influenza vaccine (TIV)
were similar in XLA patients and healthy controls, suggesting that B
cells are not involved in this CD8 vaccine response (46). However,
Morales-Aza et al. have previously shown that despite a preserved
memory response to influenza vaccination, XLA patients had an
impaired naturally occurring T cell memory to Neisseria
Meningitidis, a mucosa colonizing bacteria (47) (Figure 1). This
result shows that the involvement of B cells in the T cell response is
antigen and context dependent. Few data are available regarding
CD8 T cells in XLA, which may shed light on our understanding of
the role of B cells in the different types of CD8 T cell responses. It
should be noted that BTK is also expressed in other immune
cells (48).

3 Antitumoral immunity

CD8 T cells are the most important and powerful effectors in
the anticancer immune response. Different therapeutic strategies
based on enhancing CD8 T cell function are used in cancer
treatment: immune checkpoint inhibitors (ICI) that enhance the
function of cytotoxic T cells and adoptive T cell transfer with
genetically engineered T cells. These treatment strategies have
improved survival in patients with advanced cancer. However, the
role of B cells in cancer immunity is increasingly recognized and
there is evidence that tumor-infiltrating B lymphocytes (TIL-Bs)
have an important impact in the elimination of malignant cells (49).
This has been highlighted in studies showing the role of mature and
differentiated B cells in response to ICI (50, 51). In addition, one
study demonstrated that ex vivo expansion of CD8 T cells for
adoptive T cell transfer was achieved using TLR-activated B cells.
CD8 T cells acquired a unique IL-2Ro"€"1COS™E"CD39'"
phenotype and an altered metabolic profile, all dependent on the
B cells present in the culture (52). Further evidence that B cells play
a positive role in cancer control is derived from mouse models. In
wild-type mice treated with an anti-CD20 monoclonal antibody
before transfer of syngeneic B16 melanoma tumors, there was a
significant expansion of tumor volume and two-fold increase in
lung metastasis. Analysis revealed a reduction in effector memory
(EM) and in IFN-y-or TNF-o-secreting CD4 and CD8 T cells in B
cell-depleted mice with tumors (53). In addition, mice treated with
anti-IgM from birth are also more likely to develop virus-induced
tumors due to the lack of effective T-cell immunity (54, 55).
However, some evidence points to a negative regulation of B-cells
in tumor immunity, as seen in mouse models where B-cell depletion
results in a decreased risk of tumor growth and metastasis (56-59).
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This may be explained by the reduced IL-10 secretion by regulatory
B cells, which enhances anti-tumor T cell responses (60).

Studies in humans demonstrate that the presence of a B-cell
signature was associated with a better survival in sarcoma (61). In
oropharyngeal squamous cell carcinoma, a high abundance of TIL-
B and a higher density of B-cell and CD8 T-cell interaction predict
an excellent prognosis. CXCL9 expression by TIL-Bs and their
activated phenotype can potentially recruit more CD8 T cells and
contribute to the maintenance of CD8 survival through secondary
costimulation (62). In contrast, a study in human colon cancer
showed delayed cancer progression and metastasis using RTX (57).
B cells can play a paradoxical role in cancer: either they contribute
to tumor cell destruction by enhancing T cell responses and via
ADCC, or they contribute to tumor growth by promoting
inflammation, angiogenesis or immunosuppressive mechanisms.

4 Mechanistic understanding
of crosstalk between B cells — CDS8
T cells

4.1 Cross-presentation by B cells to
CD8 T cells

The mechanisms by which B-cells cross-present extracellular
antigens to CD8 T cells have been investigated in several in vitro
and in vivo models. B-cells possess antigen-presenting capacities and
can present exogenous antigens via the class I pathway when taken up
by receptor-mediated endocytosis (63). In NOD mice, a model of
autoimmune diabetes, the singular loss of B - cells MHC class I
subverted the conversion to clinical diabetes by controlling the
expansion and development of self-reactive CD8 T cells (64).
During the process of cross-presentation, Robsen et al.
demonstrated that only antigen-specific B cells can stimulate CD8 T
cells in vitro using oligomeric cognate antigen (OVA-hen egg, OVA-
HEL) models. In the same study, they also demonstrated that the
antigen can be effectively acquired in vitro or in vivo by immune
stimulating complexes (ISCOMS) that sustained the primary
expansion of CD8 T cells in OVA-HEL ISCOMS-immunized mice
(65). These results may be important for vaccine therapeutic
strategies to boost host immunity. However, the priming of CD8 T
cells can only be achieved in the context of activated B cells. Indeed,
previous studies have shown that immunization with naive resting B
cells can induce T cell unresponsiveness in naive CD8 T cells (66).
This could in part be explained by the low expression level of
costimulatory molecules by naive resting B cells. The group of
Mathieu et al. showed that CD40-activated B cells with CD40L
with or without Toll Like Receptor (TLR) agonists (TLR9 agonist
(CpG) or TLR4 agonist [Lipopolysacharide LPS]), can induce potent
effector CD8 T cells in B6SJL mice. However, these B cells lack the
capacity to induce CD8 memory T cells compared to dendritic cell
(DC) immunization with a decreased expression of the transcription
factors Bcl-6 in CD8 effector cells after CD40-B cell immunization
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compared to DC (67). In a mouse model of anti-tumor immunity, the
TLR9 agonist CpG has been shown to enhance the CD8 T cell
response in vitro, in a B cell and contact-dependent manner, resulting
in an improved tumor growth control and a higher mouse survival
(52). Tumor-specific murine CD8 T cells [derived from splenocytes
of plem-1 T cell receptor (TCR) transgenic mice] were conditioned in
vitro using TLRY - activated B - cells. TLR-9-activated B cells played a
central role in generating CD8 T cells with potent anti-tumor capacity
in vitro, because depletion of B cells from the CpG-treated pmel-1
cultures led to deficient CD8 T cell responses in B57L/6 mice
suffering from melanoma after injection. Therefore, CpG was used
to booster T cells and B cells interaction during expansion in vitro
and that the presence of activated B cells is crucial to induce efficient
effector CD8 T cells (52).

The type of activation the B cell receives appears to condition
the fate of the CD8 T cell response (68) (Figure 2), as
hyporesponsive CD8 T cells are generated by LPS-activated B
cells whereas efficient priming of CD8 T cells is achieved with
anti-Ig plus anti-CD40 Ab-activated B cells. The fact B-cells need
CD4 T-cell help to prime naive CD8 T cells has also been
highlighted by Castiglioni et al. (69). The priming of CD8 T cells
can occur either by the “three cell model” or the “four cell model.”
Both models demonstrate that antigen-presenting B lymphocytes
are conditioned by activated CD4 T cells either by cell contact or by
soluble factors. Co-stimulation through CD40-OX40L seems to be
of utmost importance and interestingly the effect of activated CD4
can be replaced by recombinant IL-4 (70). Using an HLA-A*0201-
restricted, Flu M1:58-66-specific CTL model, investigators
demonstrated in vitro that B cell can help in the survival and
proliferation of antigen-specific CTL through the CD27/CD70
pathway. This could be a potential explanation how B cells
regulate the expansion and contraction phase of the immune
response. The crosstalk, however, in this model seemed
independent of antigen presentation and induced the release of
pro-inflammatory cytokines such as chemokines that target CD8 T
cells expressing CXCR3 and/or CCR4 (71).

IFNAR1/2

Plasmocyte

[ _J
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4.2 Engagement of FcyRIIIA expressed by
CDS8 T cell subsets, alternative activation
by B cells

B cells could also indirectly activate CD8 T cells through Ig
binding to FcyRIIIA (CD16), a receptor expressed by subsets of
CD8 T cells and mediate antibody-dependent cellular cytotoxicity.
Indeed, we have identified in kidney transplant recipients that
effector memory expressing CD45RA CD8 T cells (TEMRA)
express FcyRIITA (72) (Figure 2). Upon FcyRIIIA engagement, a
strong pro-inflammatory response is observed, with secretion of
IFNY and TNFa and release of cytotoxic molecules. The selective
binding of CD8 TEMRA T cells to HLA class II molecules is
observed in the presence of serum from immunized kidney
transplant recipients with multiple HLA class II specificities and
may therefore play a pivotal role in chronic humoral and cellular
rejection. FcyRIIIA expression by CD8 T cells has also been
reported in other chronic immune stimulation mainly in the
context of chronic infection (hepatitis C (73), Epstein-Barr virus
(74)). A recent study in severe Sars-Cov2 infection demonstrated
the presence of highly cytotoxic CD16 T cells who provoke
endothelial injury due to immune complex-mediated
degranulation. The accumulation and activation of CD16 T cells
were associated with a fatal outcome (75). These observations
demonstrate that binding of Ig to its cognate antigen promotes an
inflammatory immune response involving subsets of CD8 T cells.

4.3 Role of IL-27 production by B cells in
the regulation of CD8 T cell function

IL-27 is a heterodimeric cytokine belonging to the IL-6/IL-12
family which binds to distinct IL-27R subunits (IL-27Ra. and gp130)
and induces downstream signaling through STAT1 and STAT3
pathways. IL-27 has a dual and opposite function with both pro-
and anti-inflammatory properties. Upon combined stimulation of the

FIGURE 2

Overview of potential pathways involved in the regulation of CD8 T cell function by B cells.
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TCR with IL-27, human naive CD8 T cells are rapidly activated into
efficient and potent cytotoxic CD8 T cells (76). In contrast, IL-27
triggers IL-10 production in antigen-specific CD8 T cells during
primary viral respiratory infection and thus promotes resolution of
the inflammatory response (77). Under the same experimental
conditions, memory CD8 T cells were shown to lose persistently
their responsiveness to IL-27 associated with an inability to secrete
IL-10. IL-27 is produced by B lymphocytes upon stimulation of the toll-
like receptor (TLR), CD40 and IL-21 (78). Klarquist and colleagues
demonstrated that IL-27 derived from B cells is an important cytokine
for the primary but not the memory response of CD8 T cells after
vaccination (79). Other evidence supporting the role of IL-27 produced
by B cells is derived from anti-thymocyte globulin lymphoablation in
mice, where B cells producing IL-27 induce reconstitution of the CD8
T cell compartment (80). The reconstitution of the CD8 T cell
compartment was dependent of depletion-resistant memory CD4 T
cells, CD40/CD154 interaction and the presence of intact B-
lymphocytes (81). A recent study using a persistent clone of
lymphocytic choriomeningitis virus (LCMV) revealed that B cells
produce IL-27 and promote viral control via supporting the
accumulation of CD8 and CD4 T cells (68).

4.4 Role of IL-15 production by B cells in
the regulation of CD8 T cell function

IL-15, a member of the IL-2 family, is an important homeostatic
and inflammatory cytokine contributing to the activation, proliferation
and maintenance of memory CD8 T cells (70). In a broad variety of
inflammatory environments, dendritic cells, monocytes and
macrophages are important sources of IL-15. IL-15 is sufficient for
TCR-independent activation and migration of pre-existing memory
CDB8 T cells in patients with acute hepatitis A (82, 83). Stimulation with
IL-15 promotes the acquisition of cytotoxic functions and, to a lower
extent, the production of pro-inflammatory cytokines IFNy by memory
CD8 T cells (84, 85) (Figure 2). Interestingly, B cells from patients with
MS produce higher levels of IL-15 compared to controls and enhance
the cytotoxicity of CD8 T cells by increasing granzyme B production
(86). Moreover, the CD8 T cells were more responsive to IL-15 and had
a higher migratory capacity across the blood-brain barrier. IL-15
secretion by B cells was induced upon CD40L-mediated activation,
but stimulation through TLR ligands or B cell receptor (BCR)
activation did not lead to increased secretion (86). Finally, B cell-
activating factor (BAFF) suppressed IL-15 production by B cells in
mouse models of autoimmune diseases (lupus-like and experimental
autoimmune encephalomyelitis) (87), suggesting that BAFF inhibition
could be associated with IL-15 inhibition to prevent accumulation and
activation of CD8 T cells. Overall, IL-15 secretion by B cells could
potentiate the activation of peripheral and in situ memory CD8 T cells.

4.5 Control of CD8 function by regulatory
B Cells

A subset of B cells, the so-called regulatory B cells (Breg), has
been shown to suppress immune response and support immune
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tolerance. More than two decades ago, Bennett et al. demonstrated
that B cells can directly tolerize CD8 T cells after syngeneic injection
of OVA,5; 564 coated B cells (88). To date, the Bregs are primarily
characterized by their regulatory mechanisms involving secretion of
IL-10, IL-35, expression of transforming growth factor (TGF)-f,
programmed cell death ligand 1 (PD-L1) and production of GZMB
(89). The literature highlights that regardless of their developmental
stage, B cells can acquire a suppressive function upon appropriate
stimulation and putative markers of Breg have been identified, such
as CD9, CD5, TIM1 (90-93). The suppressive activity of Breg
subsets is tested almost exclusively by in vitro analysis of CD4 T
cell proliferation but their regulatory function toward CD8 T cells
has been very poorly explored. As mentioned previously, LPS-
activated B cells failed to trigger proliferation, secretion of pro-
inflammatory cytokines and cytotoxic response of CD8 T cells, and
the induction of hyporesponsive CD8 could be partially reversed
with blocking anti-TGF-B1 antibody (94). Natural protection from
type 1 diabetes in nonobese diabetic (NOD) mice was associated
with an increased number of IL-10 producing B cells. IL-10
producing Bregs induce a tolerogenic dendritic cell state that
suppresses pathogenic CD8 T cells. The stimulation of TLR4
pathway can restore IL-10 production by B cells in type 1 diabetic
mice, leading to diminished CD8 T cell responses (95). Recently, the
release of the neurotransmitter gamma-aminobutyric acid (GABA)
by B cells was shown to limit the activation of CD8 T cells and
macrophages and thereby impaired anti-tumor T cell responses
(96). Stimulation with toll-like receptor or BCR induces the
secretion of GABA by B cells, and the treatment with GABA of
CD8 T cells limits their proliferation and the secretion of IFNy and
TNFo. pro-inflammatory cytokines. The field of regulatory B cells is
still in its infancy and further work is needed to define their ability
to limit the primary or memory/recall CD8 response and to assess
their impact on CD8 subset differentiation (naive vs. effector
memory (EM) vs. TEMRA vs. tissue-resident memory T
cells (TRM)).

5 Conclusion

Evidence is accumulating to support the role of a cross-talk
between B and CD8 T cells in controlling infectious disease, tumoral
pathologies and the development of autoimmune disorders
(Figures 1, 2). Studies with B cell depleting agents demonstrate a
link between B lymphocytes and CD8 T cell responses in vivo. B
cells are thought to be key players in the amplification of self-
reactive CD8 T cells because B depletion induces proliferation and
memory development defects in CD8 T cells. However, B cells do
not seem to play a role in the initial activation of cytotoxic
lymphocytes as shown in different infectious disorders or
autoimmune diabetes (36, 38, 64). How B and CD8 T cells
interact still needs further investigation but cross presentation of
antigen via MHC class I and of secretion of difterent cytokines may
play a central role. Cross presentation of exogenous antigens, under
resting conditions induces CTL tolerance, but under inflammatory
conditions can lead to CTL activation via the CD40 pathway.
Within the cytokines of importance IL-2, IL-4, IL-15, IL-27, IL-17
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and the IFN type I pathway seem to orchestrate the B-T cell
interaction. Some evidence also points to the central role of CD4
T cells supporting B and CD8 T cell interaction.

The identification of the different pathways responsible for an
effective B-CD8 T cell interaction is of utmost importance to
understand disease pathology and is crucial for the development
of effective vaccine and antitumoral strategies. The way is paved to
unravel the complex interplay between B and CD8 T cells and
between B cells and the different subtypes of CD8 T cells.

Author contributions

TV, AN, SB and ND wrote the review, contributed to
manuscript revision, read, and approved the submitted version.

Funding

This work was supported by the LabEx IGO program (n° ANR-11-
LABX-0016) funded by the «Investment into the Future» French
Government program, managed by the National Research Agency
(ANR)". This work was also supported by grants from the ABM,
SFNDT, Association France Vascularite, CHU de Nantes, ANR (ANR-

References

1. Halle S, Halle O, Férster R. Mechanisms and dynamics of T cell-mediated
cytotoxicity In vivo. Trends Immunol (2017) 38:432 443. doi: 10.1016/;.it.2017.04.002

2. Morishima N, Mizoguchi I, Okumura M, Chiba Y, Xu M, Shimizu M, et al. A
pivotal role for interleukin-27 in CD8+ T cell functions and generation of cytotoxic T
lymphocytes. ] BioMed Biotechnol (2010) 2010:605483. doi: 10.1155/2010/605483

3. Joshi NS, Cui W, Chandele A, Lee HK, Urso DR, Hagman J, et al. Inflammation
directs memory precursor and short-lived effector CD8+ T cell fates via the graded
expression of T-bet transcription factor. Immunity (2007) 27:281 295. doi: 10.1016/
jimmuni.2007.07.010

4. Intlekofer AM, Takemoto N, Wherry EJ, Longworth SA, Northrup JT, Palanivel
VR, et al. Effector and memory CD8+ T cell fate coupled by T-bet and eomesodermin.
Nat Immunol (2005) 6:1236-44. doi: 10.1038/ni1268

5. Kallies A, Xin A, Belz GT, Nutt SL. Blimp-1 transcription factor is required for the
differentiation of effector CD8+ T cells and memory responses. Immunity (2009)
31:283-95. doi: 10.1016/j.immuni.2009.06.021

6. Ichii H, Sakamoto A, Hatano M, Okada S, Toyama H, Taki S, et al. Role for bcl-6
in the generation and maintenance of memory CD8+ T cells. Nat Immunol (2002)
3:558-63. doi: 10.1038/ni802

7. Chan OTM, Hannum LG, Haberman AM, Madaio MP, Shlomchik M]J. A novel
mouse with b cells but lacking serum antibody reveals an antibody-independent role for
b cells in murine lupus. ] Exp Med (1999) 189:1639-48. doi: 10.1084/jem.189.10.1639

8. Bouaziz J-D, Yanaba K, Venturi GM, Wang Y, Tisch RM, Poe JC, et al.
Therapeutic b cell depletion impairs adaptive and autoreactive CD4+ T cell
activation in mice. Proc Natl Acad Sci USA (2007) 104:20878-83. doi: 10.1073/
pnas.0709205105

9. O'Neill SK, Cao Y, Hamel KM, Doodes PD, Hutas G, Finnegan A. Expression of
CD80/86 on b cells is essential for autoreactive T cell activation and the development of
arthritis. J Immunol (2007) 179:5109-16. doi: 10.4049/jimmunol.179.8.5109

10. Barr TA, Shen P, Brown S, Lampropoulou V, Roch T, Lawrie S, et al. B cell
depletion therapy ameliorates autoimmune disease through ablation of IL-6-producing
b cells. J Exp Med (2012) 209:1001 1010. doi: 10.1084/jem.20111675

11. Olalekan SA, Cao Y, Hamel KM, Finnegan A. B cells expressing IFN-y suppress
treg-cell differentiation and promote autoimmune experimental arthritis. Eur
J Immunol (2015) 45:988-98. doi: 10.1002/¢ji.201445036

12. Mahévas M, Patin P, Huetz F, Descatoire M, Cagnard N, Bole-Feysot C, et al.
B cell depletion in immune thrombocytopenia reveals splenic long-lived plasma cells.
J Clin Invest (2013) 123:432-42. doi: 10.1172/jci65689

Frontiers in Immunology

10.3389/fimmu.2023.1125605

10-IBHU-005, 17-RHUS-0010), ESOT, FRS-FNRS (40010386) and the
ERA PerMed AGORA (ERAPERMED2021-086).

Acknowledgments

Created with BioRender.com

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Canales-Herrerias P, Crickx E, Broketa M, Sokal A, Chenon G, Azzaoui I, et al.
High-affinity autoreactive plasma cells disseminate through multiple organs in patients
with immune thrombocytopenic purpura. J Clin Invest (2022) 132:e153580.
doi: 10.1172/jci153580

14. Audia S, Samson M, Mahevas M, Ferrand C, Trad M, Ciudad M, et al.
Preferential splenic CD8+ T-cell activation in rituximab-nonresponder patients with
immune thrombocytopenia. Blood (2013) 122:2477 2486. doi: 10.1182/blood-2013-03-
491415

15. Guo L, Kapur R, Aslam R, Speck ER, Zufferey A, Zhao Y, et al. CD20+ b-cell
depletion therapy suppresses murine CD8+ t-cell-mediated immune
thrombocytopenia. Blood (2016) 127:735-8. doi: 10.1182/blood-2015-06-655126

16. Cooper N, Stasi R, Cunningham-Rundles S, Cesarman E, McFarland JG, Bussel
JB. Platelet-associated antibodies, cellular immunity and FCGR3a genotype influence
the response to rituximab in immune thrombocytopenia. Brit ] Haematol (2012)
158:539-47. doi: 10.1111/j.1365-2141.2012.09184.x

17. Bar-Or A, Fawaz L, Fan B, Darlington PJ, Rieger A, Ghorayeb C, et al. Abnormal
b-cell cytokine responses a trigger of t-cell-mediated disease in MS? Ann Neurol (2010)
67:452-61. doi: 10.1002/ana.21939

18. Abbadessa G, Maida E, Miele G, Lavorgna L, Marfia GA, Valentino P, et al.
Lymphopenia in multiple sclerosis patients treated with ocrelizumab is associated with
an effect on CD8 T cells. Mult Scler Relat Dis (2022) 60:103740. doi: 10.1016/
j.msard.2022.103740

19. Brodie GM, Wallberg M, Santamaria P, Wong FS, Green EA. B-cells promote
intra-islet CD8+ cytotoxic T-cell survival to enhance type 1 diabetes. Diabetes (2008)
57:909-17. doi: 10.2337/db07-1256

20. Pescovitz MD, Greenbaum CJ, Krause-Steinrauf H, Becker DJ, Gitelman SE,
Goland R, et al. Rituximab, b-lymphocyte depletion, and preservation of beta-cell
function. New Engl ] Med (2009) 361:2143-52. doi: 10.1056/nejmoa0904452

21. McKinney EF, Lyons PA, Carr EJ, Hollis JL, Jayne DRW, Willcocks LC, et al. A
CD8 T cell transcription signature predicts prognosis in autoimmune disease. Nat Med
(2010) 16:586-91. doi: 10.1038/nm.2130

22. Néel A, Bucchia M, Néel M, Tilly G, Caristan A, Yap M, et al. Dampening of
CD8+ T cell response by b cell depletion therapy in antineutrophil cytoplasmic
antibody-associated vasculitis. Arthritis Rheumatol (2018) 71:641-50. doi: 10.1002/
art.40766

23. Couzi L, Merville P, Deminiére C, Moreau J, Combe C, Pellegrin J, et al.
Predominance of CD8+ T lymphocytes among periglomerular infiltrating cells and link

frontiersin.org


https://doi.org/10.1016/j.it.2017.04.002
https://doi.org/10.1155/2010/605483
https://doi.org/10.1016/j.immuni.2007.07.010
https://doi.org/10.1016/j.immuni.2007.07.010
https://doi.org/10.1038/ni1268
https://doi.org/10.1016/j.immuni.2009.06.021
https://doi.org/10.1038/ni802
https://doi.org/10.1084/jem.189.10.1639
https://doi.org/10.1073/pnas.0709205105
https://doi.org/10.1073/pnas.0709205105
https://doi.org/10.4049/jimmunol.179.8.5109
https://doi.org/10.1084/jem.20111675
https://doi.org/10.1002/eji.201445036
https://doi.org/10.1172/jci65689
https://doi.org/10.1172/jci153580
https://doi.org/10.1182/blood-2013-03-491415
https://doi.org/10.1182/blood-2013-03-491415
https://doi.org/10.1182/blood-2015-06-655126
https://doi.org/10.1111/j.1365-2141.2012.09184.x
https://doi.org/10.1002/ana.21939
https://doi.org/10.1016/j.msard.2022.103740
https://doi.org/10.1016/j.msard.2022.103740
https://doi.org/10.2337/db07-1256
https://doi.org/10.1056/nejmoa0904452
https://doi.org/10.1038/nm.2130
https://doi.org/10.1002/art.40766
https://doi.org/10.1002/art.40766
https://doi.org/10.3389/fimmu.2023.1125605
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Van Meerhaeghe et al.

to the prognosis of class III and class IV lupus nephritis. Arthritis Rheumatism (2007)
56:2362-70. doi: 10.1002/art.22654

24. Dolft S, Abdulahad WH, van Dijk MCRF, Limburg PC, Kallenberg CGM, Bijl M.
Urinary T cells in active lupus nephritis show an effector memory phenotype. Ann
Rheum Dis (2010) 69:2034. doi: 10.1136/ard.2009.124636

25. Arazi A, Rao DA, Berthier CC, Davidson A, Liu Y, Hoover PJ, et al. The immune
cell landscape in kidneys of patients with lupus nephritis. Nat Immunol (2019) 20:902-
14. doi: 10.1038/s41590-019-0398-x

26. Dunlap GS, Billi AC, Xing X, Ma F, Maz MP, Tsoi LC, et al. Single-cell
transcriptomics reveals distinct effector profiles of infiltrating T cells in lupus skin
and kidney. JCI Insight (2022) 7:¢156341. doi: 10.1172/jci.insight.156341

27. Rodriguez-Rodriguez N, Apostolidis SA, Penaloza-MacMaster P, Villa JMM,
Barouch DH, Tsokos GC, et al. Programmed cell death 1 and Helios distinguish
TCR-0f+ double-negative (CD4-CD8-) T cells that derive from self-reactive CD8
T cells. ] Immunol (2015) 194:4207-14. doi: 10.4049/jimmunol.1402775

28. Li H, Adamopoulos IE, Moulton VR, Stillman IE, Herbert Z, Moon JJ, et al.
Systemic lupus erythematosus favors the generation of IL-17 producing double
negative T cells. Nat Commun (2020) 11:2859. doi: 10.1038/s41467-020-16636-4

29. Vallerskog T, Gunnarsson I, Widhe M, Risselada A, Klareskog L, van
Vollenhoven R, et al. Treatment with rituximab affects both the cellular and the
humoral arm of the immune system in patients with SLE. Clin Immunol (2007) 122:62-
74. doi: 10.1016/j.clim.2006.08.016

30. Regola F, Piantoni S, Lowin T, Archetti S, Reggia R, Kumar R, et al. Association
between changes in BLyS levels and the composition of b and T cell compartments in
patients with refractory systemic lupus erythematosus treated with belimumab. Front
Pharmacol (2019) 10:433. doi: 10.3389/fphar.2019.00433

31. Furie RA, Aroca G, Cascino MD, Garg JP, Rovin BH, Alvarez A, et al. B-cell
depletion with obinutuzumab for the treatment of proliferative lupus nephritis: a
randomised, double-blind, placebo-controlled trial. Ann Rheum Dis (2022) 81:100-7.
doi: 10.1136/annrheumdis-2021-220920

32. Jeong S, Choi S, Park SM, Kim J, Ghang B, Lee EY. Incident and recurrent herpes
zoster for first-line bDMARD and tsDMARD users in seropositive rheumatoid arthritis
patients: a nationwide cohort study. Arthritis Res Ther (2022) 24:180. doi: 10.1186/
513075-022-02871-1

33. Rutherford Al, Patarata E, Subesinghe S, Hyrich KL, Galloway JB. Opportunistic
infections in rheumatoid arthritis patients exposed to biologic therapy: results from the
British society for rheumatology biologics register for rheumatoid arthritis.
Rheumatology (2018) 57:997-1001. doi: 10.1093/rheumatology/key023

34. Varley CD, Winthrop KL. Long-term safety of rituximab (Risks of viral and
opportunistic infections). Curr Rheumatol Rep (2021) 23:74. doi: 10.1007/s11926-021-
01037-3

35. Thomsen AR, Johansen ], Marker O, Christensen JP. Exhaustion of CTL
memory and recrudescence of viremia in lymphocytic choriomeningitis virus-
infected MHC class II-deficient mice and b cell-deficient mice. J Immunol (1996)
157:3074-80. doi: 10.4049/jimmunol.157.7.3074

36. Shen H, Whitmire JK, Fan X, Shedlock DJ, Kaech SM, Ahmed R. A specific role
for b cells in the generation of CD8 T cell memory by recombinant listeria
monocytogenes. ] Immunol (2003) 170:1443-51. doi: 10.4049/jimmunol.170.3.1443

37. Asano MS, Ahmed R. CD8 T cell memory in b cell-deficient mice. ] Exp Med
(1996) 183:2165-74. doi: 10.1084/jem.183.5.2165

38. Vernengo FF, Beccaria CG, Furlan CLA, Boari JT, Almada L, Serran MG, et al.
CD8+ T cell immunity is compromised by anti-CD20 treatment and rescued by
interleukin-17A. Mbio (2020) 11:¢00447-20. doi: 10.1128/mbio.00447-20

39. Xu S, Han Y, Xu X, Bao Y, Zhang M, Cao X. IL-17A-producing y3 T cells promote
CTL responses against listeria monocytogenes infection by enhancing dendritic cell cross-
presentation. J Immunol (2010) 185:5879-87. doi: 10.4049/jimmunol.1001763

40. van de Veerdonk FL, Lauwerys B, Marijnissen R], Timmermans K, Padova FD,
Koenders MI, et al. The anti-CD20 antibody rituximab reduces the Th17 cell response.
Arthritis Rheumatism (2011) 63:1507-16. doi: 10.1002/art.30314

41. Bounia CA, Liossis S-NC. B cell depletion treatment decreases Th17 cells in
patients with rheumatoid arthritis. Clin Immunol (2021) 233:108877. doi: 10.1016/
j.clim.2021.108877

42. Bingham CO, Looney RJ, Deodhar A, Halsey N, Greenwald M, Codding C, et al.
Immunization responses in rheumatoid arthritis patients treated with rituximab:
Results from a controlled clinical trial. Arthritis Rheumatism (2010) 62:64-74.
doi: 10.1002/art.25034

43. Nazi [, Kelton JG, Larché M, Snider DP, Heddle NM, Crowther MA, et al. The
effect of rituximab on vaccine responses in patients with immune thrombocytopenia.
Blood (2013) 122:1946-53. doi: 10.1182/blood-2013-04-494096

44. Graalmann T, Borst K, Manchanda H, Vaas L, Bruhn M, Graalmann L, et al. B
cell depletion impairs vaccination-induced CD8+ T cell responses in a type I
interferon-dependent manner. Ann Rheum Dis (2021) 80:1537-44. doi: 10.1136/
annrheumdis-2021-220435

45. Madelon N, Lauper K, Breville G, Royo IS, Goldstein R, Andrey DO, et al.
Robust T-cell responses in anti-CD20-Treated patients following COVID-19
vaccination: A prospective cohort study. Clin Infect Dis (2021) 75:ciab954.
doi: 10.1093/cid/ciab954

Frontiers in Immunology

10.3389/fimmu.2023.1125605

46. LiuY, Wu Y, Lam K-T, Lee PP-W, Tu W, Lau Y-L. Dendritic and T cell response
to influenza is normal in the patients with X-linked agammaglobulinemia. J Clin
Immunol (2012) 32:421-9. doi: 10.1007/s10875-011-9639-y

47. Morales-Aza B, Glennie S], Garcez TP, Davenport V, Johnston SL, Williams NA,
et al. Impaired maintenance of naturally acquired T-cell memory to the meningococcus
in patients with b-cell immunodeficiency. Blood (2009) 113:4206-12. doi: 10.1182/
blood-2008-08-171587

48. Chawla S, Jindal AK, Arora K, Tyagi R, Dhaliwal M, Rawat A. T Cell
abnormalities in X-linked agammaglobulinaemia: an updated review. Clin Rev Allerg
Immu (2022), 1-12. doi: 10.1007/s12016-022-08949-7

49. Laumont CM, Banville AC, Gilardi M, Hollern DP, Nelson BH. Tumour-
infiltrating b cells: immunological mechanisms, clinical impact and therapeutic
opportunities. Nat Rev Cancer (2022) 22:414-30. doi: 10.1038/s41568-022-00466-1

50. Willsmore ZN, Harris R], Crescioli S, Hussein K, Kakkassery H, Thapa D, et al.
B cells in patients with melanoma: Implications for treatment with checkpoint inhibitor
antibodies. Front Immunol (2021) 11:622442. doi: 10.3389/fimmu.2020.622442

51. Fridman WH, Petitprez F, Meylan M, Chen TW-W, Sun C-M, Roumenina LT,
et al. B cells and cancer: To b or not to b? J Exp Med (2020) 218:e20200851.
doi: 10.1084/jem.20200851

52. Smith AS, Knochelmann HM, Wyatt MM, Rivera GOR, Rivera-Reyes AM,
Dwyer CJ, et al. B cells imprint adoptively transferred CD8+ T cells with enhanced
tumor immunity. J Immunother Cancer (2022) 10:€003078. doi: 10.1136/jitc-2021-
003078

53. DiLillo DJ, Yanaba K, Tedder TF. B cells are required for optimal CD4+ and
CD8+ T cell tumor immunity: Therapeutic b cell depletion enhances B16 melanoma
growth in mice. J Immunol (2010) 184:4006 4016. doi: 10.4049/jimmunol.0903009

54. Gordon ], Holden HT, Segal S, Feldman M. Anti-tumor immunity in b-
lymphocyte-deprived mice. iii. immunity to primary moloney sarcoma virus-induced
tumors. Int J Cancer (1982) 29:351-7. doi: 10.1002/ijc.2910290320

55. Schultz KR, Klarnet JP, Gieni RS, HayGlass KT, Greenberg PD. The role of b
cells for in vivo T cell responses to a friend virus-induced leukemia. Science (1990)
249:921-3. doi: 10.1126/science.2118273

56. Brodt P, Gordon J. Anti-tumor immunity in b lymphocyte-deprived mice. i.
immunity to a chemically induced tumor. J Immunol (1978) 121:359-62. doi: 10.4049/
jimmunol.121.1.359

57. Barbera-Guillem E, Nelson MB, Barr B, Nyhus JK, May KFJr., Feng L, et al. B
lymphocyte pathology in human colorectal cancer. experimental and clinical
therapeutic effects of partial b cell depletion. Cancer Immunol Immunother (2000)
48:541-9. doi: 10.1007/pl00006672

58. Shah S, Divekar AA, Hilchey SP, Cho H, Newman CL, Shin S, et al. Increased
rejection of primary tumors in mice lacking b cells: Inhibition of anti-tumor CTL and
THI1 cytokine responses by b cells. Int J Cancer (2005) 117:574-86. doi: 10.1002/
ijc.21177

59. Qin Z, Richter G, Schiiler T, Ibe S, Cao X, Blankenstein T. B cells inhibit
induction of T cell-dependent tumor immunity. Nat Med (1998) 4:627-30.
doi: 10.1038/nm0598-627

60. Inoue S, Leitner WW, Golding B, Scott D. Inhibitory effects of b cells on
antitumor immunity. Cancer Res (2006) 66:7741-7. doi: 10.1158/0008-5472.can-05-
3766

61. Petitprez F, de Reynies A, Keung EZ, Chen TW-W, Sun C-M, Calderaro J, et al.
B cells are associated with survival and immunotherapy response in sarcoma. Nature
(2020) 577:556-60. doi: 10.1038/s41586-019-1906-8

62. Hladikova K, Koucky V, Boucek J, Laco ], Grega M, Hodek M, et al. Tumor-
infiltrating b cells affect the progression of oropharyngeal squamous cell carcinoma via
cell-to-cell interactions with CD8+ T cells. ] Immunother Cancer (2019) 7:261.
doi: 10.1186/s40425-019-0726-6

63. Ke Y, Kapp JA. Exogenous antigens gain access to the major histocompatibility
complex class I processing pathway in b cells by receptor-mediated uptake. ] Exp Med
(1996) 184:1179-84. doi: 10.1084/jem.184.3.1179

64. Marino E, Tan B, Binge L, Mackay CR, Grey ST. B-cell cross-presentation of
autologous antigen precipitates diabetes. Diabetes (2012) 61:2893-905. doi: 10.2337/
db12-0006

65. Robson NC, Donachie AM, Mowat A. Simultaneous presentation and cross-
presentation of immune-stimulating complex-associated cognate antigen by antigen-
specific b cells. Eur J Immunol (2008) 38:1238-46. doi: 10.1002/¢ji.200737758

66. Fuchs EJ, Matzinger P. B cells turn off virgin but not memory T cells. Science
(1992) 258:1156-9. doi: 10.1126/science.1439825

67. Mathieu M, Cotta-Grand N, Daudelin J-F, Boulet S, Lapointe R, Labrecque N.
CD40-activated b cells can efficiently prime antigen-specific naive CD8+ T cells to
generate effector but not memory T cells. PloS One (2012) 7:¢30139. doi: 10.1371/
journal.pone.0030139

68. Pratumchai I, Zak J, Huang Z, Min B, Oldstone MBA, Teijaro JR. B cell-derived
IL-27 promotes control of persistent LCMV infection. Proc Natl Acad Sci USA (2022)
119:€2116741119. doi: 10.1073/pnas.2116741119

69. Castiglioni P, Gerloni M, Cortez-Gonzalez X, Zanetti M. CD8 T cell priming by
b lymphocytes is CD4 help dependent. Eur ] Immunol (2005) 35:1360-70. doi: 10.1002/
€ji.200425530

frontiersin.org


https://doi.org/10.1002/art.22654
https://doi.org/10.1136/ard.2009.124636
https://doi.org/10.1038/s41590-019-0398-x
https://doi.org/10.1172/jci.insight.156341
https://doi.org/10.4049/jimmunol.1402775
https://doi.org/10.1038/s41467-020-16636-4
https://doi.org/10.1016/j.clim.2006.08.016
https://doi.org/10.3389/fphar.2019.00433
https://doi.org/10.1136/annrheumdis-2021-220920
https://doi.org/10.1186/s13075-022-02871-1
https://doi.org/10.1186/s13075-022-02871-1
https://doi.org/10.1093/rheumatology/key023
https://doi.org/10.1007/s11926-021-01037-3
https://doi.org/10.1007/s11926-021-01037-3
https://doi.org/10.4049/jimmunol.157.7.3074
https://doi.org/10.4049/jimmunol.170.3.1443
https://doi.org/10.1084/jem.183.5.2165
https://doi.org/10.1128/mbio.00447-20
https://doi.org/10.4049/jimmunol.1001763
https://doi.org/10.1002/art.30314
https://doi.org/10.1016/j.clim.2021.108877
https://doi.org/10.1016/j.clim.2021.108877
https://doi.org/10.1002/art.25034
https://doi.org/10.1182/blood-2013-04-494096
https://doi.org/10.1136/annrheumdis-2021-220435
https://doi.org/10.1136/annrheumdis-2021-220435
https://doi.org/10.1093/cid/ciab954
https://doi.org/10.1007/s10875-011-9639-y
https://doi.org/10.1182/blood-2008-08-171587
https://doi.org/10.1182/blood-2008-08-171587
https://doi.org/10.1007/s12016-022-08949-7
https://doi.org/10.1038/s41568-022-00466-1
https://doi.org/10.3389/fimmu.2020.622442
https://doi.org/10.1084/jem.20200851
https://doi.org/10.1136/jitc-2021-003078
https://doi.org/10.1136/jitc-2021-003078
https://doi.org/10.4049/jimmunol.0903009
https://doi.org/10.1002/ijc.2910290320
https://doi.org/10.1126/science.2118273
https://doi.org/10.4049/jimmunol.121.1.359
https://doi.org/10.4049/jimmunol.121.1.359
https://doi.org/10.1007/pl00006672
https://doi.org/10.1002/ijc.21177
https://doi.org/10.1002/ijc.21177
https://doi.org/10.1038/nm0598-627
https://doi.org/10.1158/0008-5472.can-05-3766
https://doi.org/10.1158/0008-5472.can-05-3766
https://doi.org/10.1038/s41586-019-1906-8
https://doi.org/10.1186/s40425-019-0726-6
https://doi.org/10.1084/jem.184.3.1179
https://doi.org/10.2337/db12-0006
https://doi.org/10.2337/db12-0006
https://doi.org/10.1002/eji.200737758
https://doi.org/10.1126/science.1439825
https://doi.org/10.1371/journal.pone.0030139
https://doi.org/10.1371/journal.pone.0030139
https://doi.org/10.1073/pnas.2116741119
https://doi.org/10.1002/eji.200425530
https://doi.org/10.1002/eji.200425530
https://doi.org/10.3389/fimmu.2023.1125605
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Van Meerhaeghe et al.

70. Nolz JC, Richer MJ. Control of memory CD8+ T cell longevity and effector
functions by IL-15. Mol Immunol (2020) 117:180-8. doi: 10.1016/j.molimm.
2019.11.011

71. Deola S, Panelli MC, Maric D, Selleri S, Dmitrieva NI, Voss CY, et al. Helper b
cells promote cytotoxic T cell survival and proliferation independently of antigen
presentation through CD27/CD70 interactions. J Immunol (2008) 180:1362-72.
doi: 10.4049/jimmunol.180.3.1362

72. Jacquemont L, Tilly G, Yap M, Doan-Ngoc T-M, Danger R, Guérif P, et al.
Terminally differentiated effector memory CD8 T cells identify kidney transplant
recipients at high risk of graft failure. ] Am Soc Nephrol (2020) 31:876-91. doi: 10.1681/
asn.2019080847

73. Bjorkstrom NK, Gonzalez VD, Malmberg K-J, Falconer K, Alaeus A, Nowak G,
et al. Elevated numbers of FcyRIIIA+ (CD16+) effector CD8 T cells with NK cell-like
function in chronic hepatitis ¢ virus infection. J Immunol (2008) 181:4219 4228.
doi: 10.4049/jimmunol.181.6.4219

74. Clemenceau B, Vivien R, Berthome M, Robillard N, Garand R, Gallot G, et al. Effector
memory T lymphocytes can express fc Rllla and mediate antibody-dependent cellular
cytotoxicity. ] Immunol (2008) 180:5327 5334. doi: 10.4049/jimmunol.180.8.5327

75. Georg P, Astaburuaga-Garcia R, Bonaguro L, Brumhard S, Michalick L, Lippert
LJ, et al. Complement activation induces excessive T cell cytotoxicity in severe COVID-
19. Cell (2022) 185:493-512.€25. doi: 10.1016/j.cell.2021.12.040

76. Schneider R, Yaneva T, Beauseigle D, El-Khoury L, Arbour N. IL-27 increases
the proliferation and effector functions of human naive CD8+ T lymphocytes and
promotes their development into Tcl cells. Eur J Immunol (2010) 41:47 59.
doi: 10.1002/¢ji.201040804

77. Perona-Wright G, Kohlmeier JE, Bassity E, Freitas TC, Mohrs K, Cookenham T,
et al. Persistent loss of IL-27 responsiveness in CD8+ memory T cells abrogates IL-10
expression in a recall response. Proc Natl Acad Sci USA (2012) 109:18535-40.
doi: 10.1073/pnas.1119133109

78. Yan H, Wang R, Wang J, Wu S, Fernandez M, Rivera CE, et al. BATF3-
dependent induction of IL-27 in b cells bridges the innate and adaptive stages of the
antibody response. Biorxiv (2020). doi: 10.1101/2020.06.26.117010. 2020.06.26.117010.

79. Klarquist J, Cross EW, Thompson SB, Willett B, Aldridge DL, Caffrey-Carr AK,
et al. B cells promote CD8 T cell primary and memory responses to subunit vaccines.
Cell Rep (2021) 36:109591. doi: 10.1016/j.celrep.2021.109591

80. Ayasoufi K, Zwick DB, Fan R, Hasgur S, Nicosia M, Gorbacheva V, et al.
Interleukin-27 promotes CD8+ T cell reconstitution following antibody-mediated
lymphoablation. JCI Insight (2019) 4:e125489. doi: 10.1172/jci.insight.125489

81. Ayasoufi K, Fan R, Fairchild RL, Valujskikh A. CD4 T cell help via b cells is
required for lymphopenia-induced CD8 T cell proliferation. J Immunol (2016)
196:3180-90. doi: 10.4049/jimmunol.1501435

82. Kim ], Chang D-Y, Lee HW, Lee H, Kim JH, Sung PS, et al. Innate-like cytotoxic
function of bystander-activated CD8+ T cells is associated with liver injury in acute
hepatitis a. Immunity (2017) 48:161 173.e5. doi: 10.1016/j.immuni.2017.11.025

Frontiers in Immunology

10

10.3389/fimmu.2023.1125605

83. Seo I-H, Eun HS, Kim JK, Lee H, Jeong S, Choi §J, et al. IL-15 enhances CCR5-
mediated migration of memory CD8+ T cells by upregulating CCR5 expression in the
absence of TCR stimulation. Cell Rep (2021) 36:109438. doi: 10.1016/
j.celrep.2021.109438

84. Liu K, Catalfamo M, Li Y, Henkart PA, Weng N. IL-15 mimics T cell receptor
crosslinking in the induction of cellular proliferation, gene expression, and cytotoxicity
in CD8+ memory T cells. Proc Natl Acad Sci USA (2002) 99:6192-7. doi: 10.1073/
pnas.092675799

85. Cheuk S, Schlums H, Sérézal IG, Martini E, Chiang SC, Marquardt N, et al.
CD49a expression defines tissue-resident CD8+ T cells poised for cytotoxic function in
human skin. Immunity (2017) 46:1 15. doi: 10.1016/j.immuni.2017.01.009

86. Schneider R, Mohebiany AN, Ifergan I, Beauseigle D, Duquette P, Prat A, etal. B
cell-derived IL-15 enhances CD8 T cell cytotoxicity and is increased in multiple
sclerosis patients. J Immunol (2011) 187:4119 4128. doi: 10.4049/jimmunol.1100885

87. Ma N, Xing C, Xiao H, He Y, Han G, Chen G, et al. BAFF suppresses IL-15
expression in b cells. J Immunol (2014) 192:4192-201. doi: 10.4049/jimmunol.1302132

88. Bennett SRM, Carbone FR, Toy T, Miller JFAP, Heath WR. B cells directly
tolerize CD8+ T cells. ] Exp Med (1998) 188:1977-83. doi: 10.1084/jem.188.11.1977

89. Mauri C. Novel frontiers in regulatory b cells. Immunol Rev (2021) 299:5-9.
doi: 10.1111/imr.12964

90. Brosseau C, Danger R, Durand M, Durand E, Foureau A, Lacoste P, et al. Blood
CD9+ b cell, a biomarker of bronchiolitis obliterans syndrome after lung
transplantation. Am J Transplant (2019) 19:3162-75. doi: 10.1111/ajt.15532

91. Braza F, Chesne J, Durand M, Dirou S, Brosseau C, Mahay G, et al. A regulatory
CD9+ b-cell subset inhibits HDM-induced allergic airway inflammation. Allergy (2015)
70:1421-31. doi: 10.1111/all.12697

92. Lee JH, Noh J, Noh G, Choi WS, Cho S, Lee SS. Allergen-specific transforming
growth factor-B-Producing CD19(+)CD5(+) regulatory b-cell (Br3) responses in
human late eczematous allergic reactions to cow’s milk. J Interf Cytokine Res (2011)
31:441-9. doi: 10.1089/jir.2010.0020

93. Ding Q, Yeung M, Camirand G, Zeng Q, Akiba H, Yagita H, et al. Regulatory b
cells are identified by expression of TIM-1 and can be induced through TIM-1 ligation
to promote tolerance in mice. J Clin Invest (2011) 121:3645-56. doi: 10.1172/jci46274

94. Parekh VV, Prasad DVR, Banerjee PP, Joshi BN, Kumar A, Mishra GC. B cells
activated by lipopolysaccharide, but not by anti-ig and anti-CD40 antibody, induce
anergy in CD8+ T cells: Role of TGF-B1. ] Immunol (2003) 170:5897-911. doi: 10.4049/
jimmunol.170.12.5897

95. Boldison J, Rosa LCD, Davies ], Wen L, Wong FS. Dendritic cells license
regulatory b cells to produce IL-10 and mediate suppression of antigen-specific CD8 T
cells. Cell Mol Immunol (2020) 17:843-55. doi: 10.1038/s41423-019-0324-z

96. Zhang B, Vogelzang A, Miyajima M, Sugiura Y, Wu Y, Chamoto K, et al. B cell-
derived GABA elicits IL-10+ macrophages to limit anti-tumour immunity. Nature
(2021) 599:471-6. doi: 10.1038/s41586-021-04082-1

frontiersin.org


https://doi.org/10.1016/j.molimm.2019.11.011
https://doi.org/10.1016/j.molimm.2019.11.011
https://doi.org/10.4049/jimmunol.180.3.1362
https://doi.org/10.1681/asn.2019080847
https://doi.org/10.1681/asn.2019080847
https://doi.org/10.4049/jimmunol.181.6.4219
https://doi.org/10.4049/jimmunol.180.8.5327
https://doi.org/10.1016/j.cell.2021.12.040
https://doi.org/10.1002/eji.201040804
https://doi.org/10.1073/pnas.1119133109
https://doi.org/10.1101/2020.06.26.117010
https://doi.org/10.1016/j.celrep.2021.109591
https://doi.org/10.1172/jci.insight.125489
https://doi.org/10.4049/jimmunol.1501435
https://doi.org/10.1016/j.immuni.2017.11.025
https://doi.org/10.1016/j.celrep.2021.109438
https://doi.org/10.1016/j.celrep.2021.109438
https://doi.org/10.1073/pnas.092675799
https://doi.org/10.1073/pnas.092675799
https://doi.org/10.1016/j.immuni.2017.01.009
https://doi.org/10.4049/jimmunol.1100885
https://doi.org/10.4049/jimmunol.1302132
https://doi.org/10.1084/jem.188.11.1977
https://doi.org/10.1111/imr.12964
https://doi.org/10.1111/ajt.15532
https://doi.org/10.1111/all.12697
https://doi.org/10.1089/jir.2010.0020
https://doi.org/10.1172/jci46274
https://doi.org/10.4049/jimmunol.170.12.5897
https://doi.org/10.4049/jimmunol.170.12.5897
https://doi.org/10.1038/s41423-019-0324-z
https://doi.org/10.1038/s41586-021-04082-1
https://doi.org/10.3389/fimmu.2023.1125605
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Regulation of CD8 T cell by B-cells: A narrative review
	1 Introduction
	2 Evidence of B-CD8 crosstalk from B-cell deficient and B-cell depletion models
	2.1 Efficacy of B-cell depletion therapy in the treatment of autoimmunity beyond “simple” B cell depletion
	2.2 B-CD8 crosstalk, what can we learn from organ-specific autoimmune diseases?
	2.3 B-CD8 crosstalk, what can we learn from systemic autoimmune diseases?
	2.4 Antimicrobial immunity and vaccination

	3 Antitumoral immunity
	4 Mechanistic understanding of crosstalk between B cells – CD8 T cells
	4.1 Cross-presentation by B cells to CD8 T cells
	4.2 Engagement of Fc&gamma;RIIIA expressed by CD8 T cell subsets, alternative activation by B cells
	4.3 Role of IL-27 production by B cells in the regulation of CD8 T cell function
	4.4 Role of IL-15 production by B cells in the regulation of CD8 T cell function
	4.5 Control of CD8 function by regulatory B Cells

	5 Conclusion
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


