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Abstract

Immuno-oncology has traditionally focused on the cellular arm of the adaptive immune response, 

while attributing tumor-promoting activity to humoral responses in tumor-bearing hosts. This 

view stems from mouse models that do not necessarily recapitulate the antibody response process 

consistently observed in most human cancers. In recent years, the field has reconsidered the 

coordinated action of T and B cell responses in the context of anti-tumor immunity, as in any 

other immune response. Thus, recent studies in human cancer identify B cell responses with better 

outcome, typically in association with superior T cell responses. An area of particular interest 

is tertiary lymphoid structures, where germinal centers produce isotype switched antibodies 

and B cells and T lymphocytes interact with other immune cell types. The presence of these 

lymphoid structures is associated with better immunotherapeutic responses and remain poorly 

understood. Here, we discuss recent discoveries on how coordination between humoral and 

cellular responses is required for effective immune pressure against malignant progression, 

providing a perspective on the role of tertiary lymphoid structures and interventions to elicit their 

formation in unresectable tumors.
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1. Introduction

Immuno-oncology has traditionally focused on understanding and targeting the role of αβ 
T cells in anti-tumor immunity, while the contribution of humoral responses, the other arm 

of the adaptive immune system, has been associated with accelerated tumor progression. 

This T cell-centric vision stems, on the one hand, from the pre-conception that antibodies 

cannot target intracellular antigens, which are considered inaccessible due to the large size 

of immunoglobulins. On the other hand, previous publications in mouse models attributed 

a cancer-promoting, immunosuppressive role to B cells at tumor beds. However, a flurry 
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of recent studies in human tumors is rapidly changing previous views. Thus, independent 

studies have recently associated B and plasma cell infiltration with better clinical outcome 

in many human cancers, as opposed to the dominant regulatory activity associated with 

mouse tumors. This includes patients with ovarian cancer [1], endometrial cancer [2], 

cutaneous melanoma [3], colorectal cancer [4,5], breast carcinoma [6], hepatocarcinoma 

[7] and sarcoma [8]. In addition, correlations between mRNA expression of markers of 

the B cell lineage and increased survival were reported for non-small cell lung [9] and 

gastric [10] cancers. Furthermore, a T follicular helper (Tfh) cell signature, indicative of 

germinal center activity, has been also associated with better outcome in head and neck 

human cancer [11]. Finally, beyond scattered B cell infiltration at tumor beds, the presence 

of B cell-rich structures that recapitulate the architecture of lymph nodes, termed tertiary 

lymphoid structures (TLS), has been also associated with better outcomes in more than 10 

different types of human cancer [12–19].

On the other hand, we have recently demonstrated that a fraction of antibodies 

spontaneously produced at human tumor beds recognize secreted molecules or molecules 

with a transmembrane domain, with measurable anti-tumor activity, as these targets are 

either neutralized or targeted for antibody-mediated cellular phagocytosis [1]. Spontaneous 

coating of the tumor cell surface by antibodies was subsequently confirmed by independent 

studies, also in ovarian cancer [20]. In addition, antigens carried in tumor-promoting 

exosomes [21] could be also effectively targeted by antibodies, even if they are expressed in 

the cytoplasm or the nucleus of tumor cells.

In this review, we will discuss emerging discoveries on the contribution of humoral immune 

responses to the abrogation of malignant progression in human cancer, emphasizing possible 

differences between the immunobiology of human and mouse tumors and commenting 

on recent discoveries about the role of tertiary lymphoid structures (TLS) in anti-tumor 

immunity. Changing perspectives in immuno-oncology are forging a new framework to treat 

and prevent human cancer [22].

2. Differences in humoral responses between human cancer and quickly 

progressing mouse models

With the obvious exception of lymphoma, the numerous independent associations between B 

cell infiltration and accelerated tumor growth [23–27] have been restricted to mouse tumor 

models. Tumor-promoting activity has been primarily attributed to populations of B cells 

with immunosuppressive activity, known as regulatory B cells or Breg cells. In the absence 

of a tumor, Breg cells represent less than 10% of circulating B cells [28,29]. Along with 

Treg cells, they contribute to sustain peripheral tolerance. The T cell inhibitory activity of 

Breg cells has been associated with the secretion of different cytokines, including IL-10 

[30–32], TGF-β and IL-35 [31,33–40]. Both IL-10- and IL-35-producing Breg cells exist in 

humans, but they are primarily found in autoimmune disease, and they have been proposed 

as tools in this setting [41]. Based in part on the pre-conception that overall B cell activity 

promotes, rather than oppose, malignant progression, clinical trials depleting B cells using 
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the anti-CD20 mAb Rituximab were conducted in patients with renal cell carcinoma and 

melanoma on IL-2 therapy, without beneficial effects [42].

In contrast, recent studies, including our reports, demonstrate that accumulation of B cells 

and antibody-producing cells in human cancer is consistently associated with better outcome 

and superior immunotherapeutic responses [1–8,12–19,43]. This begs the question of how 

faithfully mouse tumor models recapitulate anti-tumor humoral responses in patients with 

cancer. A major difference between human cancer and mouse models is that the latter 

are engineered to progress much faster and generate an inflammatory response that likely 

favors Breg cell development [44,45]. As a result, the Ig isotypes dominant in transplantable 

tumor models, and in the majority of transgenic tumor-prone mice - which, in general, 

are already poorly immunogenic - correspond to IgM variants. In contrast, combinations 

of isotype-switched IgA and IgG dominate non-isotype-switched IgM antibodies in human 

malignancies such as ovarian [1], endometrial [46], breast [47,48] and colon cancer [49], 

as well as melanoma [50]. This is important because different isotypes bind to different 

Fc receptors, which are in turn expressed in different cell types. In addition, IgM is very 

effective at activating the complement cascade, which could also have tumor-promoting 

activity [51].

There are, nevertheless, tumor mouse models that reflect the pathophysiology of human 

responses in human cancer. For instance, using immunogenic mouse models of triple-

negative breast cancer, Hollern and colleagues demonstrated the crucial role of B cell 

activation and antibody production for the effectiveness of immune checkpoint blockers 

[52]. Furthermore, we recently demonstrated that the progression of intraperitoneal ovarian 

carcinosarcomas is also partially dependent on the anti-tumor activity of B cells, because 

B cell depletion accelerates tumor growth [53]. Supporting these observations, enhanced 

Tfh differentiation upon genetic engineering of T cells resulted in the assembly of tertiary 

lymphoid structures in virtually all tumors, which was associated with significant delays 

in malignant progression [53]. Together, these recent studies suggest the major discrepancy 

between results derived from mouse models and those from cancer patients, as humoral 

responses could progress differently from most human tumors.

2.1. How do isotype-switched antibodies exert immune pressure in human cancer?

Further supporting the crucial role of humoral immunity in human cancer, recent analyses 

of hundreds of human tumors in The Cancer Genome Atlas (TCGA) datasets confirmed 

extensive B cell clonal expansions, isotype switching and hypersomatic mutation across 

32 human cancer types [54]. However, the targets recognized by tumor-derived antibodies 

remained elusive until recently. Using B cells immortalized from 9 different human ovarian 

carcinomas and arrays that contain > 80% of the human proteome, we demonstrated that IgA 

and IgG spontaneously produced at tumor beds recognizes hundreds of self-antigens, which 

include > 10% of secreted molecules, or molecules with a transmembrane domain, which are 

therefore accessible to these antibodies in the extracellular space [1]. These targets included 

members of the tetraspanin family or secreted targets such as BDNF, which are expressed 

in other healthy tissues. We also identified antibodies reacting against olfactory receptors 

such as OR5V1, which are overexpressed in carcinoma cells, which prompted us to develop 
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novel CAR T cells targeting other members of this family of transmembrane molecules 

[55]. Interestingly, we could not find antibodies reacting with these molecules in peripheral 

blood, suggesting that tumor-derived antibodies primarily target local tumor antigens [1]. It 

is also possible that some of these autoantibodies could recognize glycosylation patterns, 

rather than unmodified amino acids, thus providing tumor specificity and enlarging the 

antigenic repertoire. In any case, IgA redirects otherwise immunosuppressive myeloid cells 

against tumor cells, resulting in antibody-dependent cellular phagocytosis. Presumably, 

these effects will be stronger in human tumors, because mice, unlike rats and hamsters, 

lack CD89, which redirects neutrophils against cognate antigens. Although we did not 

formally test this hypothesis, tumor-derived IgG targeting the same molecules could have 

similar effects through NK cell activity. Subsequently, Mazor and colleagues also identified 

targeting autoantigens on the human ovarian cancer cell surface [20], although the study 

primarily focused on IgGs. Supporting the original studies of the Nelson group [56], as 

well as our subsequent studies [1], intra-tumoral antibody secreting cells were found in 

most ovarian cancers analyzed. These cells were clonally expanded and some of them 

secreted antibodies that targeted MMP14 on the tumor cell surface. Interestingly, the study 

identified a class of tumor-binding antibodies that undergoes somatic hypermutations; and 

a second class of autoreactive germline-encoded antibodies [20]. It is important to note that 

we have only screened our collections of tumor-derived antibodies against self-antigens, 

which likely break tolerance through overexpression. However, there could be an array of 

immune relevant neoepitopes generated by specific mutations, which remain uninvestigated 

and could represent new targets for therapy. Importantly, we found that the predictive value 

of intra-epithelial T cells in ovarian cancer [57–59] is only relevant if T cells are associated 

with B cell infiltration [1]. Together, these findings suggest that immunotherapies that boost 

humoral immunity could be more effective than interventions exclusively focused on T cells, 

particularly for malignancies that are resistant to checkpoint inhibitors.

A second mechanism of anti-tumor activity mediated by at least IgA produced at tumor 

beds is mediated through the binding of dimeric IgA (including a J chain) to polymeric IgA 

(PIGR) receptors that we found to be quasi-universally expressed on the surface of ovarian 

cancer cells [1]. Similar to enterocytes, binding of dimeric IgA to PIGR triggers bona fide 
transcytosis through malignant epithelial cells, which elicits transcriptional changes that 

antagonize the RAS pathway and sensitize tumor cells to cytolytic killing by T cells [1] 

(Fig. 1). This previously unrecognized mechanism of anti-tumor activity is not restricted 

to ovarian cancer, because we subsequently found universal PIGR expression in a cohort 

of 107 patients with different histological subtypes of endometrial carcinoma [2,60]. We 

found that PIGR occupancy by IgA elicits the activation of IFN and TNF pathways in tumor 

cells, in association with apoptotic and endoplasmic reticulum stress (i.e., CHOP-dependent) 

pathways [2]. In addition, accumulation of B cells and plasma cells, which primarily 

produce IgA, followed by IgG, predicted better survival in all histological subtypes of 

endometrial cancer, without any significant predictive value for tumor-infiltrating T cells in 

high-grade endometrioid type and serous tumors [2]. Together, independently of antigen 

recognition, PIGR-dependent IgA transcytosis through tumor cells clearly antagonizes 

malignant progression. Although future studies should clarify whether the role of IgA 

transcytosis extends beyond gynecologic malignancies, analysis of PIGR expression in 
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TCGA datasets reveals a dichotomy between PIGR+ epithelial tumors and PIGR−/low 

malignancies such as melanoma, sarcoma, glioblastoma or leukemia. It is therefore likely 

that most human carcinomas have the capacity to transcytose IgA. It remains to be clarified 

why tumors cells do not evolve to lose PIGR expression. There are several not mutually 

exclusive possibilities: First, recent in vitro studies in hepatocellular cancer cells suggest that 

PIGR expression promotes hepatic cell transformation and proliferation through interactions 

with the YES Src family kinase [61]. Furthermore, other studies using in vitro organotypic 

models have associated PIGR expression with cancer cell invasion and increased stromal 

activity [62]. Finally, the immunosuppressive IL10 gene is in the same genomic locus as 

PIGR, which could result in a cost for deletions of that genomic region. Whatever the 

reasons, most carcinomas express PIGR, and at least ovarian and endometrial cancer cells 

have the capacity to induce IgA transcytosis.

2.2. TLS predict both immunotherapeutic efficacy and increased survival in multiple 
human tumors

Lymphoid aggregates consisting of adjacent conglomerates of T cells and B cells, with 

variable degrees of structural complexity, are assembled inside many human solid cancers. 

The most mature structures recapitulate the architecture of secondary lymph nodes and 

are generically termed tertiary lymphoid structures (TLS). Mature TLS therefore include 

a T cell zone composed by CD4 and CD8 T cells, adjacent to germinal centers with B 

cells, long-lived plasma cells and interdigitating Tfh cells and follicular dendritic cells, 

PNAd+ high endothelial venules and some neutrophils and macrophages [13,63] (Fig. 2). 

Because many less organized lymphoid aggregates of variable size are identified in the 

tumor microenvironment, categorizing these structures is going to require consensus and 

guidelines from the field, which currently does not exist. Similar TLS are also found in 

conditions of inflammation and active immune responses such as autoimmunity [13].

In virtually all studies of human tumors investigated, which include more than 10 

histological types of cancer, the presence of TLS is associated with superior survival and 

better immunotherapeutic responses [12–19,64], further supporting that superior immune 

pressure requires cooperation between both arms of the adaptive immune system. For 

instance, the presence of TLS, which is found in ~23% of ovarian cancers, is associated 

with denser CD8 T cell infiltration [56]. Similarly, TLS are associated with immune cell 

infiltration and activation in breast cancer [65–67]. Other studies have identified a positive 

association between the presence of TLS and outcome in pancreatic [19], colorectal [15], 

bladder [68], renal [69,70] and non-small cell lung cancer [71]. The presence of TLS 

at baseline, and B cell infiltration in general, is also predictive of superior responses to 

different forms of immunotherapy. For instance, in melanoma renal cancer and sarcoma, 

TLS predict the response to immune checkpoint blockade [8,69,70,72]. Denser B cell 

infiltration and intra-tumoral TLS also predict durable clinical responses in patients with 

recurrent ovarian cancer receiving a hypomethylating agent plus immune checkpoint 

blockade [73]. Furthermore, a B and plasma cell signature, correlating with the presence 

of TLS, was also identified in patients with lung cancer treated with anti-PD-L1 blockade 

[74]. In another recent independent study, the presence of mature TLS was associated with 

increased overall survival, independently of PD-L1 expression and T cell accumulation [75]. 
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B cells, plasma cells and TLS formation therefore emerge as biomarkers to identify superior 

responders to anti-cancer immunotherapies.

TLS trend to be located in the periphery of the tumor or the stroma [63]. Likely due 

to the quick progression of mouse tumor models, TLS are rarely found in tumor-bearing 

mice. However, studies from the Engelhard group and our own observations indicate that 

intraperitoneal tumor models are more prone than flank tumors to orchestrate TLS [53, 

76]. This may have to do with a peritoneal lymphatic network that is more prone to 

obstruction and favors that T and B cells get stacked at tumor beds, in addition to the 

vicinity of the spleen, which is a major reservoir of both cell types. In TLS+ tumors, 

the Fridman group has recently reported 2 different patterns of immune cell infiltration 

[77]: On the one hand, tumors with an immune structured microenvironment include the 

production of both (isotype-switched) IgG and IgA by plasma cells in TLS. Predominant 

production of both isotypes in TLS is supported by other independent studies. For instance, 

in melanoma metastases [78], while tumor antigen-reactive IgA is associated with TLS 

formation in breast cancer [79]. On the other hand, in tumors with an immune excluded 

microenvironment, immune cells and TLS are located outside the tumor beds, although 

TLS-derived antibodies penetrate the tumor microenvironment and also target tumor cells. 

Besides antibodies produced in TLS, we found evidence of plasma cells and plasmablasts 

scattered through the parenchyma of many tumors [1].

While it is becoming increasingly clear that TLS formation and antibody production 

is associated with the magnitude of anti-tumor immunity and predicts better 

immunotherapeutic responses, understanding the mechanisms behind these predictors is in 

its infancy. Clarifying the immunobiology of TLS would open new avenues to induce TLS 

formation in, for instance, metastatic tumors, which could render them more sensitive to 

existing and future immunotherapies. Some possible mechanisms of immune protection are 

discussed below.

2.3. How do intra-tumoral TLS promote spontaneous or immunotherapeutically-driven 
anti-tumor immunity?

As aforementioned, why the presence of TLS is associated with immune protection, or 

whether their presence is cause or consequence of a more immunogenic milieu, remains 

unknown. The most obvious mechanism of anti-tumor activity is the production of 

isotype-switched antibodies [77–79] that, as commented above, could target the tumor 

cell surface. Because there are plasma cells and plasmablasts outside TLS in the tumor 

microenvironment, the anti-tumor activity of specifically TLS-derived antibodies needs to 

be formally demonstrated. In addition, many other questions regarding antibodies produced 

in TLS remain open. For instance, what is the clonality of antibodies produced in these 

structures? Similarly, nature of the antigens recognized by TLS-derived antibodies (i.e., 

proteins of glycosylation patterns), and whether they are only locally expressed in the 

adjacent milieu or can target other tumor masses needs to be clarified. Isolation of viable 

cells from TLS is not technically feasible at the moment, but genomic analyses of laser-

capture micro-dissected TLS, or genome-wide transcriptional analyses of these structures, 

could provide some insight into these questions.
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Another mechanism of potential immune protection that has been suggested is to shield 

tumor-reactive T cells from immunosuppressive signals (i.e., PD-L1 or CD277 [80], or those 

derived from immunosuppressive myeloid cells) in the adjacent tumor microenvironment, 

under the filter of high endothelial venules [81]. In addition, basal activating signals 

generated through the antigen-presenting activity of adjacent B cells, or their expression 

of co-stimulatory molecules, could maintain these lymphocytes active and prevent paralysis 

induced by cellular stress or other intrinsic pathways. Of note, both this possible mechanism 

and obviously antibody production imply a dominant anti-tumor activity for B cell responses 

in human cancer, as opposed to the tumor-promoting effects that the field has attributed B 

cells for years.

A possible third mechanism of immune protection could be related to bystander effects in 

adjacent tumor tissue, resulting in an inflammatory microenvironment that is less permissive 

for tumor cell growth than other tumor areas. This could be investigated with novel spatial 

molecular profiling technologies that provide transcriptomic analyses of regions of interest, 

identified through the staining of multiple markers.

Alternatively, TLS formation could just be the reflection of a more permissive, immunogenic 

milieu, which allows the recruitment of the right immune cell types and their assembly into 

lymph node-like structures. The mechanisms behind the crosstalk between different immune 

cells and their products at TLS need to be urgently clarified, to pave the way for new 

interventions that leverage these interdependent responses.

2.4. Can TLS assembly be induced as a form of immunotherapy?

If, as suggested by independent strong associations between TLS and superior anti-tumor 

immunity, TLS provide a hub where immune cells maintain superior anti-tumor activity, 

understanding the best way to recapitulate the assembly of TLS in unresectable tumors (i.e., 

metastatic disease or tumors adjacent to the aorta or other vital organs) could lead to novel 

therapeutic interventions, alone or to boost existing immunotherapies.

While there is consensus about the formation of TLS in a milieu of sustained inflammation 

[82], different authors have followed different approaches to drive TLS assembly. Seminal 

studies from the Storkus group, for instance, placed the emphasis on tumor vascular 

normalization promoted by STING agonists, which leads to TLS formation [81]. Oncolytic 

virotherapy could have similar effects in promoting a cytokine and chemokine milieu 

conducive of the recruitment of all players that interact in mature TLS, with the advantage of 

enhanced antigen spreading [83].

Other studies have demonstrated that the member of the TNF-α family LIGHT, when 

effectively delivered to tumor vessels using a vascular targeting peptide, also promotes TLS 

orchestration. TLS assembly in this system occurs after an influx of T cells, and can be 

boosted by checkpoint inhibition, resulting in increased survival in preclinical models [84].

Not mutually exclusive, our recent work identified that the seminal event leading to the 

orchestration of all elements that lead to TLS assembly (or at least one of the ways 

of forming TLS) is the differentiation of activated CD4+ T cells into Tfh cells [53]. 
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This occurs through intrinsic decreased expression of SATB1, a genomic organizer that 

represses ICOS and is required for effective T Follicular Regulatory cell differentiation, a 

cell type that antagonizes the activity of Tfh cells [53]. Tfh cells generate a chemokine 

milieu that promotes spontaneous assembly of TLS in ovarian cancer models, including the 

secretion of LIGHT and production of IL-21, which activates B cells recruited in response 

to CXCL13, which is also produced by Tfh cells and was found to be crucial for this 

process. Accordingly, intra-tumoral administration of autologous Tfh cells was sufficient to 

elicit TLS formation, while the administration of naïve CD4 T cells did not induce these 

effects. Tfh cells could be therefore theoretically administered into metastatic cancers or 

tumors adhered to unresectable locations to drive TLS assembly, generating a permissive 

environment for T cells rescued through, for instance PD-1 blockade, overall delaying 

malignant progression.

The crucial role of Tfh cells in the genesis of TLS is further supported by independent 

studies in preclinical models of colorectal cancer, which also unveiled a role for the 

microbiota in this process [85]. Through the introduction of Helicobacter hepaticus, 

Overacre-Delgoffe and colleagues elicited anti-tumor immune responses that were 

dependent on CD4 T cells and B cells, in association with bacteria-specific Tfh cell 

differentiation, which promoted TLS assembly [85].

The shared conclusion of these studies is that TLS formation requires the orchestration 

of a highly inflammatory milieu with the right cytokines and chemokines. There could be 

therefore different ways of orchestrating these lymphoid structures, but the role of CXCL13 

and Tfh cells appears to be particularly important, at least for germinal center formation and 

maintenance.

2.5. Pro- vs. anti-tumor roles of memory B cells in different malignancies

The role of B cell populations at different stages of differentiation within tumor beds of 

malignancies of different histological origins is another area that remains incompletely 

understood. This includes a better characterization of the distinct role of naïve vs. memory 

B cells in different tumors. Thus, memory B cells are a dynamic population of mature 

B cells that can reenter germinal centers (and therefore TLS) in response to persistent 

tumor antigens. Memory B cells can quickly give rise to antibody-secreting cells, which 

are typically found in multiple tumor areas. For instance, in ovarian cancer, at least 80% 

of tumors contain > 1% of CD19+CD138−CD38highCD27+ plasmablasts [1]. Memory B 

cells are also long-lived and can persist for decades. B cell memory responses could be 

therefore more sustained and effective than responses driven by T cells, which eventually 

become exhausted, including for the prevention of recurrences after initial clinical responses. 

In addition, memory B cells could present antigen to local T cells, which may also 

enable tumor regression. This effect could be particularly important in TLS, where T cells 

could receive activating signals that maintain a basal tone of effector activity, while high 

endothelial venules could protect them from immunosuppressive networks outside the TLS.

The role of memory B cells, however, could be opposite in the context of lymphomas. 

For instance, using an elegant model a mouse model that recapitulates the hallmark BCL2-

activating translocation of follicular lymphoma, Sungalee et al. demonstrated that repeated 
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entries into germinal centers were associated with the acquisition of malignant features, 

and were required for malignant progression of this disease [86]. In addition, recent studies 

suggest that aberrant memory B cells, rather than plasmablasts, are the cells-of-origin of 

diffuse B cell lymphoma [87].

3. Concluding remarks

Immuno-oncology has remained narrowly focused on αβ T cell responses for decades. 

In fact, the role of humoral responses in cancer has been associated with accelerated 

malignant progression, primarily due to mouse models that do not reflect the isotypes, 

slower progression, different inflammatory mechanisms and mutational burdens of the 

human disease that they are supposed to model. Improved preclinical models that better 

resemble the B cell and plasma cell response of most human tumors are urgently 

needed, because an array of recent clinical studies indicates that B cell and plasma cell 

infiltration, along with the isotype-switched antibodies that these cells produced in the tumor 

microenvironment, are consistently associated with better outcome and superior responses 

to existing immunotherapies. In fact, T cell infiltration only has predictive value when is 

associated with concurrent B cell accumulation in some tumors.

Unlike mouse models, antibody production in human tumors appears to be dominated 

by a combination of IgA and IgG isotypes, which coat the tumor cell surface and are 

therefore truly tumor-reactive. IgA and IgG are also the isotypes predominantly produced 

by TLS, which recapitulate the architecture of lymph nodes at tumor beds and are also 

predictive of better outcome and enhanced immunotherapeutic responses in a variety of 

tumors. The field urgently needs guidelines to categorize lymphoid aggregates with different 

degrees of complexity, which could reflect different stages of TLS maturation and have 

different functions. How TLS contribute to spontaneous or immunotherapeutically driven 

anti-tumor immunity is also the subject of intense investigation in many laboratories. 

Understanding the roles of TLS at tumor beds and how they are orchestrated could lead to 

novel immunotherapies aimed to recapitulate their protective activity in unresectable tumors.

Overall, immuno-oncology is changing the prevailing view of how B cell responses, 

including the production of antibodies at tumor beds, contribute to anti-tumor immunity. 

Given that most, if not all vaccines that have worked so far in large populations, including 

those against viral diseases, depend on the production of on the magnitude of the antibody 

response, understanding and targeting humoral responses in cancer promises to open new 

avenues for more effective anti-cancer vaccines and immunotherapies that elicit coordinated 

immune control of human cancer by the 2 arms of adaptive immunity.
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Fig. 1. 
Antigen-dependent and independent mechanisms of anti-tumor activity elicited by IgA 

at tumor beds. IgA dominates the antibody response in ovarian and endometrial cancer, 

driving anti-tumor immunity through a dual mechanism: On one hand (top), dimeric IgA 

transcytoses through tumor cells, which quasi-universally express the IgA/IgM receptor 

PIGR, which sensitizes tumor cells to T cell-mediated killing. On the other hand, IgA 

targeting multiple tumor cell transmembrane molecules re-directs myeloid cells against 

malignant cells, resulting in ADCP-mediated killing.
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Fig. 2. 
Schematic depiction of TLS elements and proposed mechanisms of enhanced immune 

protection associated with the presence of TLS.
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