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The immune system in cancer

Ehrlich hypothesized that the immune system would be critical in preventing the growth of 

an “overwhelming frequency” of cancers [1]. Coley’s success in occasionally inducing 

tumor regression following the injection of bacteria into patients provided early hints in 

support of this view [2,3]. Nearly 50 years after Ehrlich’s observations, following the 

development of inbred mouse strains and studies on mice immunized with syngeneic tumors 

[4], Macfarlane Burnet and Lewis Thomas articulated their theories on “cancer 

immunosurveillance”. These theories posited the evolutionary necessity for the immune 

system to control and eliminate neoplastic cells before they become malignant [5,6][5,6].

More recently, clinical trials using chimeric antigen receptor T cell therapy, adoptive T cell 

transfers, and checkpoint blockade (particularly with PD-1) have demonstrated that the 

immune response can be harnessed to eliminate tumors, creating a critical inflection point in 

cancer immunotherapy. The success of checkpoint blockade, in particular, has demonstrated 

that tumor-infiltrating lymphocytes (TILs) are indeed cancer-specific immune cells, but they 

are induced to become exhausted or dysfunctional in the tumor microenvironment, resulting 

in the abrogation of the antitumor immune response. While much of the focus in tumor 

immunology has been on CD8+ cytolytic cells whose activity is closely linked to patient 

survival [7], T cells do not work in a vacuum. B cells account for up to 25% of all cells in 

some tumors. Furthermore, 40% of TILs in some breast cancer subjects are B cells [8–10]. 

Consistent with a strong immunomodulatory role for these cells, 40% of high-grade serous 

ovarian cancers have also been shown to contain infiltrating CD20+ B cells. [11] In some 

mouse models of cancer, about a third of tumor-draining lymph nodes cells are B cells [12], 

suggesting that these cells may have critical roles in modulating tumor responses. 

Furthermore, therapeutic immune checkpoint blockade may also target activated B cells, in 

addition to activated T cells, sincePD-1, PD-L1, CTLA-4, and the B7 molecules are 

expressed on B cells. Additionally, both CTLA-4 and PD-1 inhibit B cell activity, and 

blockade of either molecule enhances the proliferation of memory B cells and the production 

of antibody, either by directly or indirectly acting on B cells [13–23].

Antibodies, all made by B cells, can alter the function of their antigenic targets on cancer 

cells, opsonize tumor cells for the presentation and cross-presentation of tumor antigens by 
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dendritic cells, activate the complement cascade, or contribute to NK cell mediated tumor 

killing via antibody-dependent cell-mediated cytotoxicity. While antibodies against tumor 

antigens have been frequently found in the serum of cancer patients [24], the role of humoral 

immune responses against cancer remains controversial. Furthermore, many of the 

antibodies in cancer patients are directed against autoantigens -- molecules that are present 

in both the tumor cells as well as in unmutated host cells.

In this review, we will primarily examine the immunological mechanisms by which B cells 

promote, as well as inhibit, anti-tumor immunity in the context of a range of malignancies. 

This review will not address how aberrant VDJ recombination events, or unique events in the 

B lineage, such as somatic hypermutation and isotype switching, contribute to malignancies 

of the B lineage. We will also not discuss how antibodies generated in an anti-tumor context 

can mediate paraneoplastic syndromes as these have been covered in detail in other reviews 

[25–27].

B cell suppression of the antitumor response

Since the 1970’s, it had been appreciated that B cells could facilitate the growth of certain 

experimental tumors in mice. In early studies from Brodt and Gordon, mice depleted of B 

cells from birth (by the injection of anti-IgM antibodies) exhibited an increased resistance to 

an injected syngeneic fibrosarcoma, as evidenced by slower tumor growth and a decreased 

incidence of spontaneous pulmonary metastasis [28]. In this section, we will describe how 

antibodies and B cells may contribute to cancer growth and progression.

Antibody-mediated immune suppression

Some of the antibodies observed in the cancer context are against tumor-specific neo-

antigens, such as mutated p53 [29], while others are against non-mutated host proteins. [30] 

Cloning and sequencing of autoantibody genes from tumor subjects have revealed the 

existence of IgG antibodies with a high degree of somatic hypermutation [31]. Apoptotic 

and necrosed tumor cells and endogenous adjuvant moieties may contribute to an inflamed 

tumor environment, releasing more self-antigens, resulting in a break in immunological 

tolerance reminiscent to that observed in autoimmune diseases. Despite the presence of 

antibodies against cytosolic and nuclear proteins derived from tumors, these antibodies may 

actually represent an epiphenomenon with no real significance for tumor growth. However, 

as will be discussed in a subsequent section, some of the antibodies against tumor antigens 

may enhance anti-tumor immunity. In this sub-section, we will discuss the opposite 

phenomenon -- how some antibodies might contribute to the progression of tumors.

What makes certain anti-tumor antibodies drivers of tumor progression? The correlations 

between anti-tumor antibodies and disease outcome may be linked to the ability of these 

antibodies to generate circulating immune complexes (CICs). While CICs are generally 

thought of in the context of diseases like systemic lupus erythematosus and serum sickness, 

they also have a role in the setting of cancer [32]. In human cancers, CICs in the circulation 

or in tumor tissue do not generally correlate with protection against the tumor, but instead 

reflect poor clinical outcome [33,34]. This pro-tumorigenic role of B cells and CIC has been 

supported by studies using a genetic mouse model of squamous cell carcinoma [35], wherein 
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CICs are deposited in premalignant tissue and activate Fcγ receptors on resident and 

infiltrating myeloid cells (particularly macrophages and mast cells) [36]; they also trigger 

the complement pathway, thus feeding into a pro-angiogenic program of tissue remodeling 

that ultimately resulted in keratinocyte hyperproliferation and malignant progression 

[32,35].

In a recent study examining B16-F10 melanoma tumor cells, tumor-derived extracellular 

vesicles induced antibodies that promoted tumorigenesis, but this tumor-promoting activity 

could be abrogated by subcapsular sinus macrophages that captured antigens before they 

activated B cells in draining lymph nodes [37]. Extracellular vesicles derived from tumors 

contain membrane and lumenal proteins that are capable of stimulating adaptive immune 

responses [38]. We hypothesize that when the major tumor antigens that induce antibodies 

are either surface or intracellular proteins that do not contain potential antigenic, tumor-

derived, MHC class I-binding peptides, they can nonetheless be incorporated into immune 

complexes, and this set of CICs do not have the potential to facilitate CD8+ CTL activation. 

These CICs may, however, have the ability to bind to myeloid cells within tumors, activate 

Fcγ receptors on these cells and thus induce myeloid suppressor cell activity that promotes 

tumorigenesis (Figure 1).

Pro-tumorigenic factors secreted by B cells

One important feature of cancer is the induction of lymphangiogenesis to promote growth 

and metastasis of neoplastic cells throughout the body [39], pointing to the important role of 

lymphatic vessels in tumor progression. Lymphangiogenesis can be promoted by 

inflammation and thus facilitate immune cell trafficking into the lymphatics. The crosstalk 

that occurs between tumor cells, stromal cells, and immune cells may be crucial to the 

induction of lymphangiogenesis.

It is now appreciated that tumor-infiltrating B cells can provide lymphotoxin, a survival 

factor that can induce angiogenesis, to tumors. Androgen ablation by castration in a mouse 

prostate cancer model, followed by cell death of the cancer cells, causes damage to the 

stromal cells of the tumor microenvironment, promoting leukocyte infiltration into the 

tumor. Following androgen ablation, the production of the chemokine CXCL13 -- 

potentially by intratumor T follicular helper cells, whose presence has been associated with 

tumor CXCL13 expression and the progression of a number of tumor types – recruit B cells 

into the tumor [40–43]. These tumor-infiltrating B cells then secrete lymphotoxin, which 

activates non-canonical and canonical NF-κB signaling and STAT3 in the remaining cancer 

cells, resulting in androgen-refractory growth and tumor progression [44–46]. Additionally, 

B cells can also enhance metastasis of bladder cancer cells by upregulating IL-8, which can 

modulate androgen receptor and matrix metalloproteinase signaling [47]. Lymphotoxin, 

however, may also contribute to tumor regression in certain tumor settings, and this is 

discussed in a subsequent section.

Inhibition of antitumor immunity via cytokine production by regulatory B cells

In addition to their ability to secrete antibodies that can directly inflame the tumor 

parenchyma and molecules that can activate angiogenesis in the vasculature, B cells that 
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produce a variety of immunoregulatory cytokines are also capable of suppressing the anti-

tumor immune response by inhibiting effector cells such as CD8+CTLs and NK cells [48]. 

These B cells, termed regulatory B cells (Bregs) are a heterogeneous population that 

suppress inflammatory responses, either directly or indirectly, and their role in cancer has 

been well-described [49–54]. Bregs are operationally described as cells that secrete IL-10, 

but some Bregs can also secrete TGFβ while others make IL-35 [55–58]. Furthermore, it 

also appears that there are phenotypic and functional differences between many of these 

Bregs: there are IL-10 producing Bregs that exacerbate inflammation and support cancer 

growth [35,44], B cells that inhibit CD4+ T cell responses [59], and distinct tumor-evoked B 

regulatory cells.[56,60] While B cell suppression of Th1-type responses during chronic 

inflammation may be beneficial in autoimmunity, this same immune-modulatory activity 

may thwart the ability of the host to detect and eliminate mutated neoplastic cells, allowing 

tumor cells to survive and proliferate in the chronically inflamed environment.

How do these B cells gain regulatory potential? One mechanism by which B cells may 

become regulatory is intrinsic to the neoplasm itself: the tumor may exert long-range control 

to induce the recruitment of cells and mediators to promote its growth. Bregs can be 

generated from the actions of the metabolites of 5-lipoxygenase (such as leukotriene B4), 

produced by the tumor that activate PPARα in B cells and initiate their differentiation into 

Bregs [60]. TGFβ produced by Bregs can convert naïve CD4+ T cells into Foxp3+ Tregs, 

which inhibit NK cells and effector CD8+ CTLs, which would otherwise thwart the 

metastasis of neoplastic cells [56,57,61]; this finding may explain studies in B cell-deficient 

μMT mice implicating B cells in the inhibition of the induction of CTL-mediated tumor 

immunity by disabling CD4 T cell help [59]. As these tumor-evoked Bregs trigger a chain of 

events culminating in immune suppression, it is likely that they are continually induced as 

long as the cancer cells persist [62], thus underscoring the value of finding ways to control 

and deplete these cells in the course of therapeutic intervention.

Immune cells at the site of the tumor or tumor-draining lymph node can also induce a Breg 

phenotype. It has also been shown that the production of IL-21 by Tregs may also make B 

cells become more “regulatory” in nature, as IL-21 promotes the upregulation of IL-10, 

IDO, and granzyme B in B cells [63]. While granzyme B is normally thought to be an 

important effector molecule in cytotoxic NK cells, CD8+CTLs and CD4+ CTLs as well, this 

serine protease apparently also has an immunomodulatory function. It has been reported that 

Bregs can transfer granzyme B to T cells, degrading the T-cell receptor zeta chain without 

inducing T-cell apoptosis and thus suppressing antitumor T cell activity [63].

Phenotypic characterization of B cells that preferentially accumulated in the tumor-draining 

lymph nodes in one B16-F10 melanoma mouse model elucidated the specific subset 

responsible for driving remodeling of the tumor-draining lymph node and promoting 

metastasis. These cells were T2-MZP B cells, which neither increased IL-10 production nor 

promoted the generation of Tregs, unlike their Breg counterparts in the spleen [64]. These 

T2-MZP Bregs appeared to have been recruited to the draining lymph nodes by the tumor 

via the lymphatics early in tumor development to develop the immunosuppressive 

environment required initially for growth and ultimately for metastasis to the lymph node 

and other organs. We originally described “T2-MZP” cells later known as MZP cells (for 
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marginal zone precursors) as cells that are IgMhiIgDhiCD1dhi CD21hi B cells that are 

exclusively seen in the spleen [65,66]. While the original description of regulatory B cells by 

Mizoguchi et al. [67,68] identified cells in the intestine that are CD1dhi, cells with the 

complete MZP phenotype have not been described outside the spleen in the mouse, and 

certainly not in lymph nodes, making this finding in the melanoma model all the more 

intriguing.

In a study that sought to identify B cell-dependent factors that inhibit anti-tumor immunity, 

irradiated tumor cells were co-cultured in vitro with splenocytes from either wild-type or B 

cell-deficient mice [69]. While B cell-deficient splenocytes were able to eliminate the 

implanted tumors, wild-type splenocytes were unable to control tumor growth, owing to the 

fact that the wild-type B cells co-cultured with tumor cells produced IL-10, which decreased 

the IFNγ production from CD8 T cells and NK cells.

A single injection of a tumor vaccine was able to inhibit tumor growth in B cell-deficient 

μMT mice, but not in wild-type mice [70]. In this model it has been suggested that Bregs 

inhibit NK cell activation. Similarly, tumors in B cell-deficient mice, but not in wild type 

mice could be rejected with only one vaccination with the gp96-chaperone protein [71]. 

Similarly, B cell depletion facilitated the clearance of squamous cell carcinomas by activated 

CD8+ CTLs after cis-platinum- and Taxol-based chemotherapy [72]. Studies examining the 

growth of murine mammary tumors implanted in mice have demonstrated the association of 

tumor-associated B cells with the recruitment and proliferation of Treg cells within the 

tumor microenvironment, as well as the reduced recruitment of CD49+ NK and CD8+ T 

cells into the tumor, though this was independent of IL-10 secretion by B cells [73]. 

Together, these findings demonstrate the important influence of B cells in controlling 

cytotoxic NK and CD8+ CTL responses in the tumor context.

Cancer-induced B cells are also required to induce the full regulatory activity of myeloid-

derived suppressor cells (MDSCs), allowing them to suppress CD4+ and CD8+ T cells. 

Tumor Bregs produce TGFβ, which acts on the monocyte and granulocyte subpopulations of 

MDSCs to upregulate ROS and NO production, both of which are required for the complete 

and efficient suppression of anti-tumor CD4+ and CD8+ T cells [57]. B cells can also blunt 

the immunogenic effects of low-dose oxaliplatin, a chemotherapeutic that promotes cell 

death and CD8+ CTL killing: in one study, three different mouse prostate cancer models 

showed no response to oxaliplatin unless B cells were depleted [74]. Oxaliplatin induced the 

expression of TGFβ in the tumor, converting tumor-infiltrating B cells into IgA-secreting 

plasmacytes that also produced IL-10 and expressed PD-L1 and Fas-L, activities that 

inhibited CTL function and induced local immunosuppression.

Regulatory B cells therefore represent an important cell type involved in the suppression of 

anti-tumor immune responses. These B cells for the most part either directly attenuate anti-

tumor immunity through the secretion of IL-10 [69,75] or indirectly compromise immune 

responses to tumors through the production of TGFβ and the conversion of resting CD4+ T 

cells into Tregs [56,76] (Figure 1). There is growing evidence in some human tumors for the 

presence of Bregs, but although more global B cell depletion can be achieved using anti-

CD20 and other reagents, there are at present no therapeutic approaches to selectively 
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remove Bregs alone. Additionally, the success of B cell depletion in impeding tumor growth 

in mouse models has been mixed: in one study, B cell depletion using an anti-CD20 

antibody was able to impede tumor growth in a number of solid tumor models, as well as 

bolster the response to a tumor vaccine [77] in mice. However, other studies have seen no 

additional effect of rituximab on IL-2 therapy for renal cell carcinoma and melanoma 

patients [78]. Furthermore, evidence from mouse studies suggest that anti-CD20 depletion 

can impair T cell-mediated antitumor immunity [79] and even promote cancer escape, as 

Bregs evoked by the tumor often express CD20 at low levels [80].

B cells as positive mediators of the anti-tumor response

B cells play critical roles in autoimmunity and transplant rejection. In fact, antibody-

mediated B cell depletion is an effective therapeutic strategy for restraining aberrant T cell 

responses in the clinic [81]. Consistent with this, B cell depletion in adult mice has been 

shown to blunt auto-antigen specific CD4+ T cell responses [82]. Thus, it should come as no 

surprise that these cells are capable of driving anti-tumor responses, which have significant 

parallels with chronic “anti-self” immune responses. Highlighting this idea, B cells and 

follicular dendritic cells at the invasive margins of colorectal cancer are described as a 

“Crohn’s like reaction” [83]. However, B cells, as the “other” tumor-infiltrating lymphocytes 

(TILs) [11], have been overshadowed by cytolytic T cells despite evidence showing that TIL 

B cells also exhibit antigen-driven clonal expansion, class switching and affinity maturation 

in the cancer environment [84–86].

Solid tumors in humans often contain significant B cell populations, suggesting a role for 

these cells in cooperating with other resident cells to influence the tumor microenvironment 

[87]. Adoptive transfer studies in mice and correlative studies in human cancer have also 

ascribed a protective and sometimes antigen-specific role to TIL B cells. In one study of 

metastatic melanoma, tumor-infiltrating B cells were identified as the second-best predictor 

of positive disease outcome, after CD8+ TILs [88]. Similar studies have shown that the 

presence of peritumoral B cells in cervical cancer [89] and TIL B cells in lung cancer 

[90,91] correlate with lower relapse rates and increased survival, respectively. Along the 

same lines, Milne et al. performed a detailed study in ovarian cancer showing that, not only 

does the presence of CD20+ cells alone correlate with better outcomes, the presence of B 

cells together with T cells is associated with higher survival than the presence of either one 

alone [92]. The potential for cooperative interplay between B and T cells was also 

highlighted by studies where co-transfer of tumor draining lymph node B and T cells was 

much more effective at limiting metastasis of a murine carcinoma line, 4T1, than transfer of 

a single lymphocyte subset [93]. As will be discussed in greater detail below, B cells can 

play critical roles in anti-tumor immunity by producing antibodies, acting as antigen 

presenting cells, and making inflammatory molecules that regulate other immune cells.

Antibodies that promote tumor clearance

Antibodies directed against intracellular tumor antigens are frequently observed in human 

cancer patients [24]. Antibodies directed against aberrantly exposed β-actin in apoptotic 

tumor cells have been frequently found in medullary breast cancer patients [31,94]. 

Yuen et al. Page 6

Trends Cancer. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Interestingly, several independent studies suggest that the favorable clinical outcomes 

characteristic of this breast cancer subtype correlate with the presence of lymphoplasmacytic 

infiltrates in the tumor [95,96]. Although there is some discordance in the literature, a few 

studies have also shown that the presence of anti-p53 antibodies correlates with favorable 

outcomes in lung cancer [34]. Furthermore, regression of human lung cancer tissue 

xenotransplanted into SCID mice was associated with increased tumor-resident B cell 

derived IgG in the serum of recipients [97]. Consistent with this, TIL B cell derived 

antibodies have been shown to bind mouse tumors in an antigen-specific manner and 

mediate complement-dependent lysis [12]. Interestingly, a recent elegant study, leveraging 

single cell transcriptomics together with bulk gene expression data from The Cancer 

Genome Atlas (TCGA), has shown that the expression of complement genes correlated with 

“inferred” T cell abundance in numerous tumors [98]. Although experimental proof in the 

context of cancer is lacking, it is possible that antigen, antibody and complement containing 

immune complexes contribute to the inflammation that facilitates T cell infiltration into 

tumors. In addition, the induction of autoantibodies in mice via vaccination with 

immunogenic epitopes identified by serological analysis of tumor derived cDNA libraries 

enhances CD8 T cell responses against the tumor [99]. Direct injection of tumor-binding 

allogeneic natural IgG antibodies with concomitant dendritic cell activation has also been 

shown to drive tumor regression. In this context, antibodies facilitated the opsonization and 

subsequent uptake of tumor cells by dendritic cells via Fcγ receptors. Antigen-bearing 

dendritic cells then efficiently activated tumor-specific CD8+ T cells, which proceeded to 

mount a highly effective response against the tumor (Figure 2). Recapitulating this finding, 

the authors also showed that human tumor cells coated with allogeneic natural IgG (and not 

those with autologous IgG) induced robust activation of BMDCs from mesothelioma 

patients, which could then drive the proliferation of the patient’s own CD4+ T-cells [100].

B cells as antigen-presenting cells that promote anti-tumor immunity

B cells, consistent with their ability to take up low concentrations of antigen using their 

BCRs, are efficient antigen-presenting cells. Memory B cells are long-lived and could 

present antigens driving T cell expansion and subsequent memory formation, once the initial 

wave of dendritic cells wanes [101,102]. In fact, in ovarian cancer tissues that have very few 

dendritic cells, B cells are in close proximity to T cells, suggesting an ongoing and close 

collaboration [92].

In Friend murine leukemia virus (F-MuLV)-induced leukemia, B cells were required for the 

induction of tumor-specific CD4+ and CD8+ T cells following priming with the virus or 

with a recombinant virus containing the F-MuLV antigens [103]. In another mouse model 

using transfer of syngeneic B16 melanoma cells, anti-CD20 mediated depletion of B cells 

also led to blunted CD4+ and CD8+ T cell responses accompanied by a two-fold increase in 

tumor size and lung metastasis [104]. In addition, in vivo administration as well as in vitro 

activation with anti-CD40 antibodies complementing T cell targeting anti-CD3 antibodies 

has been shown to drive potent T cell responses. Not surprisingly, these effects were 

dependent on the presence of B cells [12].
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B cells as immunomodulatory cells that promote anti-tumor immunity

Although lymphotoxin can facilitate tumorigenesis [44], this B cell produced cytokine can 

also facilitate the formation of ectopic tertiary lymphoid organs (TLOs) [58,105,106]. The 

numbers of TLOs correlate directly with positive outcomes in both human disease and 

mouse models [106–108]. In fact, the presence of B cells in high density within TLOs is a 

prognostic marker predicting longer patient survival in lung cancer [109]. Complementing 

their ability to make cytokines, B cells also make several chemokines and recruit other 

immune cells to secondary lymphoid organs, TLOs and effector sites [102,110–113]. The 

anti-tumor B cell arsenal is further bolstered by their ability to provide antigen independent 

help to anti-tumor cytolytic T cells through CD27-CD70 interactions [114].

Perspectives and Final Thoughts

As discussed in the aforementioned sections, B cells play widely varied roles in the context 

of tumor immunity, and in different cancers contribute to either tumor growth or anti-tumor 

immunity. Correlative studies on human tumor infiltrating B cells are somewhat limited by 

their inability to differentiate between functional B cells present in tumors and bystanders 

simply recruited as a result of the local cytokine milieu. On the other hand, mouse models of 

cancer, which are usually accompanied by rapid responses reminiscent of viral infections, 

might not provide an accurate representation of the chronic anti-cancer immune responses 

seen in humans [11][11].

Genetic and immunologic “sledgehammer” type approaches such as the use of mice lacking 

B cells or anti-CD20 mediated B cell depletion fail to take into account the functional 

heterogeneity of B cells. As one might expect, tumor-infiltrating CD8+ TIL responses are 

bolstered by activated B cells, but inhibited by resting B cells; however, B-cell deficient 

mice lack both resting and activated B cells, thus confounding the study of the role of B cells 

in cancer immunity. This is of critical significance, since B cells present in human cancer 

patients are typically activated [11], suggesting that in human disease, they may frequently 

facilitate antitumor immunity.

The activation status of B cells can also be used to bin them into subsets, particularly using 

cell surface markers, which has been a key way to study their functional role in immunity 

and disease. The importance of B cell subsets in cancer immunity was made apparent in a 

recent study demonstrating that IL-6 dependent activation of STAT3, which had long been 

associated with chronic inflammation in the tumor microenvironment [44,56,115], was 

confined to the subpopulation of CD5+, but not CD5− B cells [116]. CD5+ B cell numbers 

and STAT3 activation correlated with poor survival

There is a need to identify better markers for pro-tumorigenic B cells as well as for anti-

tumor B cells. Some B cell subsets, including Bregs, are refractory to depletion by anti-

CD20 antibody, underscoring the need for more specific therapeutics targeting B cell 

subsets. In the future, it may be possible to use immunotherapy to break tolerance against 

the tumor to promote the induction of neutralizing tumor-specific antibodies, as well as to 

use novel biologics that selectively deplete pro-tumorigenic B cells.
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Future studies will be needed to identify the immunologic conditions that specifically 

promote the pro-tumorigenic effects of B cells, as well as to identify reagents that enhance 

the ability of B cells to facilitate anti-tumor immunity.
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Outstanding Questions

• What conditions render B cells pro- or anti-tumorigenic?

• Are anti-tumor antibodies “bystanders” or do they play a role in tumor 

immunity?

• Is our understanding of B cells from mouse tumor models representative of 

human disease?

• What is the role of regulatory B cells in human tumors?

• What phenotypic markers can distinguish pro-tumorigenic B cells from anti-

tumor B cells?

• How can we target B cells as a form of cancer immunotherapy?
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Trends Box

• B cells play an important role in modulating the immune response to cancer, 

consistent with being the second most abundant tumor-infiltrating 

lymphocyte.

• B cells can inhibit tumor development through the production of tumor-

reactive antibodies, promoting tumor killing by NK cells, phagocytosis by 

macrophages, and the priming of CD4+ and CD8+ T cells.

• B cells can promote tumor development through the production of 

autoantibodies and tumor growth factors. Regulatory B cells can directly and 

indirectly suppress Th1 and CD8+ cytolytic T cell responses.

• Targeting specific B cell subsets may be of therapeutic value in cancer.
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Figure 1. B cell suppression of the antitumor response
B cells can produce lymphotoxin, which induces angiogenesis and thus promotes tumor 

growth. Tumor-derived extracellular vesicles (tEVs) can activate B cells to produce 

antibodies, which can bind antigen and form immune complexes. These circulating immune 

complexes can activate Fcγ receptors on myeloid cells, inducing them to become myeloid-

derived suppressor cells, which suppress anti-tumor CD4+ and CD8+ T cell responses. A 

subset of B cells called regulatory B cells (Bregs) can also secrete immunoregulatory 

cytokines, including TGFβ, which induces CD4+ T cells to become Foxp3+ CD4+ T 

regulatory cells (Tregs), and IL-10, which suppresses CD4+ Th1 cells, natural killer (NK) 

cells, and CD8+ cytotoxic T cells.
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Figure 2. B cells as positive mediators of the antitumor response
B cells can produce lymphotoxin, which has an additional role of promoting the formation 

of tertiary lymphoid organs, which is positively correlated with disease outcome and patient 

survival. The production of antibodies by plasma cells has many roles in contributing to the 

antitumor response: antitumor antibodies promote antibody- and complement-mediated 

killing of the tumor cells, Fc-mediated phagocytosis by macrophages, and antibody-

dependent cell-mediated cytotoxicity (ADCC) by natural killer (NK) cells. Importantly, 

antibody-coated tumor cells can also be taken up and processed by dendritic cells, which 

present tumor antigens to CD4+ T cells and cross-present antigens to CD8+ T cells. If the 

tumor antigen contains an MHC-I epitope, anti-tumor CD8+ T cells could be activated; these 

effector CD8+ cytotoxic T cells will then traffic to the site of the tumor, killing the tumor 

cells. In some cases, B cells can also take up and process tumor antigens, which can then be 

presented to CD4+ T cells.
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