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Summary

The purpose of this article is to review the role of extrafollicular and T-cell independent antibody 

responses in humoral immunity. We consider two interrelated questions: 1) Do T-cell independent 

antibody responses dominated by IgM and/or IgA play unique functions in immunity and 

homeostasis; and 2) is it typical for these responses to result in life-long protection? In addressing 

these questions, we consider the established advantages of T-cell driven responses including the 

unique role played by germinal center reactions in these responses, and contrast the processes and 

outcomes of germinal center-centric responses with germinal center- and T-cell independent 

antibodies. We suggest that T-independent and other extrafollicular responses contribute 

substantially to highly stable antibody repertoires in both the serum and the intestine, providing 

relatively constitutive humoral barriers with the collective dual function of protecting against 

invading pathogens and regulating the composition of non-pathogenic microbial communities.
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Introductory remarks

It has become popular for those of us studying antibody responses to focus on antigens that 

also stimulate a robust T cell response. These proteinaceous antigens, typically classified as 

T-cell dependent, induce complex cell-cell communication networks between dendritic cells, 

macrophages, and antigen-reactive T and B cells. The study of such responses is of course 

highly warranted, as the resulting high-affinity antibodies can play critical and nonredundant 

roles in life-long protection against a variety of pathogens 1. Furthermore, such responses 

are highly regulated, and can be influenced in dramatic ways by two separate but related 

processes that together improve the affinity of the resulting antibodies and switch the class 

of the antibody from IgM to IgG or other heavy chain classes 2. By contrast, responses to 

non-proteinaceous antigens that lack molecular attributes needed to activate T cells, T-cell 

independent antigens that are often enriched for polysaccharide and/or lipopolysaccharide 

structures, tend to produce mainly low affinity IgM antibodies. It is generally assumed that 
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responses generating high affinity IgG antibodies are always the desired outcome, and for 

responses to many pathogens including influenza and HIV this appears to be the case 3–7.

In 1989 Herzenberg and Herzenberg proposed that mammalian immune systems consist of 

multiple layers, with each layer emerging at distinct phases of evolution. Thus, lymphoid 

and myeloid cells characterized by progressively more sophisticated functions are proposed 

to have emerged at later stages of evolution, a process reflected by the tendency of many of 

these cells to develop later in ontogeny 8. Given that the T cell dependent generation of high 

affinity IgG antibodies relies on both a highly unique and regulated DNA recombination, 

and a DNA-directed mutational process intended to target antibody variable region genes 

specifically, it seems fair to consider these processes and the cells and antibodies they 

produce as relatively sophisticated, for lack of a better metaphor. In contrast, because 

antigens that fail to induce substantial T cell activation also fail to induce high affinity IgG, 

such responses and the cells mediating these responses might be considered less 

sophisticated. But, as we will discuss below, T-independent responses may nonetheless play 

unique and important roles in a variety of scenarios.

It is the purpose of this article to consider the idea that T-independent antibodies play unique 

roles in both host protection and barrier surface homeostasis. In this regard, we propose that 

the evolutionary principles guiding the development of a functional humoral immune system 

apply equally to T-dependent and T-independent antibodies. We consider that the selection 

of such a system (or systems) was guided by the following requirements and processes: 1) 

The generation of a sufficiently diverse antigen-binding repertoire, created by a somatic 

DNA recombination process. This process is linked to a cell genesis machinery geared to 

generate sufficient numbers of naïve B cells for producing adequately strong primary 

responses; 2) A somatic learning process for eliminating self-reactive cells coupled, in 

principle, to germ-line encoded pattern recognition mechanisms for identifying dangerous 

agents; and 3) The capacity to adjust the class of the response to achieve maximum 

protective power together with minimal damage to host tissues. Regulation of antibody class 

is achieved with systems that distinguish and utilize a variety of cell-extrinsic signals 

affiliated with different regions of the body or perhaps different classes of micro-organisms. 

By regulating the class of the response, pools of B-lineage cells can eliminate a variety of 

dangerous agents by producing pro-inflammatory antibodies while other B cells produce 

relatively noninflammatory antibodies that contribute to the management of complex 

beneficial microbial communities. Whereas T-dependent IgG dominated responses can be 

divided into different pro-inflammatory subclasses affiliated with type 1 or type 2 T cell 

responses, as we will see below T-independent antibodies can also influence the class of the 

response, and include both pro-inflammatory and relatively non-inflammatory modes.

An additional and key feature of adaptive humoral immunity is its capacity to provide life-

long protection. Indeed, serum antibody concentrations to many T-cell dependent antigens 

can persist without measurable decay for years in mice and for decades or longer in people 
1, 9–12. Because serum antibodies possess exceptionally short half-lives 13, maintenance of 

serum antibodies requires the generation of plasma cells with exceptionally long lifespans. 

Thus, while naïve B cells appear to possess a half-life ranging between 3–4 months in mice 

(but likely much longer in people) 14–16, current evidence suggests that the lifespan of many 
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memory B cells and plasma cells can be substantially longer 9, 11, 12, 16, 17. Indeed, when one 

considers the lack of detectable decay rates for memory B cell populations in mice and 

serum antibody titers in mice and people, it is difficult to avoid the conclusion that many of 

these cells can persist without cell division for the life of the host. How these extended 

lifespans are achieved remains largely mysterious.

With these ideas in mind we can formulate some specific questions to set the stage for our 

discussion: 1) In what scenarios are T-independent antibodies useful and perhaps even 

desirable? 2) To what extent do T-independent antibodies function to regulate rather than 

destroy microbes and the communities in which they live? 3) To what extent do T-cell 

independent pathways of antibody synthesis contribute to long-lived plasma cell pools and 

highly stable secreted antibody repertoires, and is such stability advantageous?

Basic elements of the germinal center reaction

It has become natural, almost instinctive, for researchers when considering antibody 

responses to place them in one of several categories. This strategy is understandable, as it 

provides a framework for thinking about the cell-cell and molecular events responsible for 

the observed response. These categories are typically based either on the type of antigen 

involved (T-cell dependent versus T-independent), the class of antibody produced (IgM, IgG 

or IgA, and so on), or the subtype of B cell believed to be responsible (follicular, B1, etc.) 

for the response in question. It has become common, understandably, for researchers to 

focus their attentional primarily on the role of germinal centers (GCs) in each type of 

response. GCs are unique antigen- and T-cell dependent structures that form in peripheral 

lymphoid tissues. The focus on GCs has several advantages: GCs appear to be essential for 

generating high-affinity antibodies to relevant pathogens including influenza and HIV 3–7, 

and they also appear to be the chief source of self-reactive pathogenic antibodies 18–20.

GCs have been reviewed by multiple writers and from numerous angles 21–25. Hence, we 

will provide a bird’s eye view of these structures to set the stage for our discussion on the 

key events in extrafollicular responses and how they contrast with GC-based responses. Very 

early in responses induced by proteinaceous antigens activated B and T cells congregate at 

boundaries between T cell rich regions in the spleen or lymph node and B cell enriched 

follicles. What follows is a series of poorly understood but apparently highly coordinated 

events. Both B and T cells undergo several rounds of cell division, and within each lineage 

the resulting daughter cells split off into effector cells and cells that will ultimately initiate or 

regulate events within GCs. During these early phases in the spleen activated B cells also 

migrate into the vicinity of the marginal sinus where it appears they must interact with 

marginal zone macrophages 26, 27. Specialized macrophages in the marginal zone take up 

antibody-antigen complexes and complement coated antigens with great efficiency 28; this 

step may reflect a key but underappreciated process whereby macrophages optimize access 

of activated B cells to antigen in the spleen and also in lymph nodes 29. Ultimately, these 

cell-cell interactions result in a wave of IgM-secreting plasma cells and the subsequent 

generation of GCs. At this juncture it should also be emphasized that in the spleen IgM-

secreting cells are easily observed outside of B cell rich follicles in the red pulp, where their 
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movement is controlled by the chemokine CXCL12. These plasma cells embody many 

defining features of extrafollicular antibody responses.

A GC can be divided into two zones, known as the dark and light zones, where B cell 

receptor specificity is revised and tested. Activated B cells within the GC dark zone are 

subjected to a somatic hypermutation (SHM) process resulting in the mutation of multiple 

nucleotides across the variable region coding sequence. Subsequently these cells migrate to 

the light zone where they must compete effectively within this physical space for at least two 

signals: a BCR signal provided by antigen-coated follicular dendritic cells (FDCs) 30, and 

essential additional signals provided by activated follicular helper T cells 31. The ultimate 

outcome of this Darwinian-like selection process is the generation of memory B cells and 

plasma cells, each with increased affinity for the immunizing antigen. Whereas it appears 

that memory B cells re-enter recirculating lymphocyte pools as exceptionally long-lived 

cells, many of the resulting plasma cells home to the bone marrow where it is theorized they 

must integrate into specialized microenvironments to gain access to unique cell-extrinsic 

pro-survival signals 32–34. Here many such cells appear to persist for decades or longer as 

long-lived non-dividing antibody cells 11. Whereas much remains to be learned about 

plasma cell survival signals, it is clear that plasma cells cannot survive without the BAFF 

cytokine family receptor known as BCMA 35, 36.

GCs and long-lived humoral immunity

What is less clear is whether GCs provide unique microenvironmental signals needed for 

emerging memory B cells and plasma cells to become long-lived. If we focus this question 

on plasma cells, such GC-unique signals would in theory initiate gene expression networks 

needed for newborn plasma cells to effectively utilize BCMA-derived signals, and to migrate 

to appropriate bone marrow niches to access BCMA ligands. Notably however, how B cells 

and/or newborn plasma cells initiate BCMA expression and become receptive to BCMA-

derived signals is unknown. Because even less is known about control of memory B cell 

lifespan, developing a parallel model for the signals and receptors mediating the 

exceptionally lengthy lifespan of many memory B cells is an even greater challenge. 

Nonetheless, an important question at this juncture concerns the relationship, or perhaps lack 

thereof, between the generation and selection of high affinity B cells and plasma cells, and 

the implementation of gene expression networks needed for these cells to become long-

lived.

We suggest that because GCs have long been associated with antibody class switching and 

somatic hypermutation, and because they are typically considered to be a key source for 

substantial numbers of long-lived plasma and memory B cells, the three processes are easily 

conflated. Is this appropriate? One possibility is that relatively durable high affinity 

interactions between antigen receptors on GC B cells and antigen coated FDCs deliver 

unique inductive signals that provide plasma and memory B cells with what it takes to avoid 

apoptosis for the long term. While a connection between high affinity receptors and plasma 

cell differentiation has been considered 37, 38, this idea has been challenged by data 

indicating the propensity of GCs to produce high-affinity plasma cells instead reflects 

increased proliferation of high-affinity B cells 39. Weisel et al. recently examined the timing 
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with which the bulk of memory B cells and plasma cells are produced post-immunization 40. 

Surprisingly, this work revealed that while the vast majority of plasma cells arise coincident 

with the GC reaction, most memory B cells appear to arise much earlier including before 

GCs were detected 40. Furthermore, these cells appear to be long-lived cells. This 

observation is consistent with other work showing that long-lived IgM+ memory B cells can 

form via a GC-independent pathway 41.

Germinal center-independent responses

For the question of how Ag-responsive B and plasma cells become long-lived, a simple test 

of the GC-centric model is provided by T-independent antigens. Such antigens generally fail 

to induce functional GCs. [A closer look at this statement reveals that such antigens can 

induce GCs, but these structures resolve quickly without producing and selecting for high-

affinity cells 42–44.] Until recently, it was widely believed that T-independent antigens fail to 

engender long-lived responses, instead only producing IgM-secreting plasma cells that die 

within days of their generation 33. Several papers published 5–7 years ago provide data 

indicating the contrary. By simply immunizing wild type or T cell deficient mice with 

polysaccharide or LPS-based antigens, several laboratories reported that antigen-specific 

plasma cells induced by any of these antigens readily migrate to the bone marrow where 

they persist for extended periods cells 42, 45, 46. Indeed, we reported that immunization with 

haptenated LPS induces plasma cells that persist in the bone marrow for upwards of 2 years, 

approaching the lifespan of the mouse. Moreover, we also detected long-lived marrow 

plasma cells in experiments with a T-dependent antigen where we blocked early GC 

responses by giving immunized mice CD40-CD40ligand blocking antibodies. Notably, as 

expected the plasma cells that emerged despite arresting germinal center responses secreted 

low-affinity IgM rather than high affinity class switched antibodies 42. Therefore, while IgG-

secreting plasma cells clearly dominate responses to immunization with exogenous T-

dependent antigens, other pathways may also be at play. Interestingly, we recently reported 

that, in mice that were not intentionally immunized, upwards of 40% of bone marrow 

plasma cells secrete IgM, with another 40% or more actively secreting IgA 47. Hence at 

steady state numbers of IgG-secreting plasma cells in the BM at times may be dwarfed by 

other plasma cells. Altogether these findings suggest: 1) a meaningful number of the 

extrafollicular plasma cells observed before GC reactions may survive to integrate into long-

lived plasma cell pools, and 2) plasma cells can acquire receptivity to unique pro-survival 

signals needed to persist in the bone marrow without emerging from a GC.

Evidence is also emerging that many memory B cells arise with little input from GCs. Many 

but not all of these cells express surface IgM rather than IgG or IgA, and such cells are 

readily detected in wild type mice and in mice incapable of producing GCs due to mutation 

of key transcription factors such as BCL6 48–50. As alluded to above, this idea can be taken a 

step further when considering the early timing with which memory B cells are produced 

after immunization 40. It is becoming clear based on these observations that B cell memory 

is not simply the result of GC induction and the subsequent release of exceptionally long-

lived IgG (or IgA) memory cells. Instead, it appears that the memory B cell repertoire does 

indeed consists of multiple layers, not only based on the expression of different IgH 

isotypes, but also with the potential for distinct activation requirements, homing properties, 
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lifespans and, therefore different functions. The notion of memory B cells with different 

functions is borne out by the work of Zuccarino-Catania et al., who showed that a single 

monoclonal B cell population can generate an array of distinct memory B cells in response 

to a single antigen with differing abilities to yield plasma cells versus GCs following 

secondary stimulation by antigen 51. It may be worth considering whether initial 

immunization with a T-independent antigen has similar consequences.

Stable germline-encoded antibody repertoires?

In adults steady naïve B cell populations consist of several types of cells. The vast majority 

of naïve B cells routinely recirculate through follicles in the spleen and lymph nodes, and 

hence are commonly termed follicular B cells. However the spleen also contains marginal 

zone (MZ) B cells, relatively sessile cells that reside adjacent to the marginal sinus of the 

spleen. Additionally, B1 B cells, so-named because they appear to emerge earlier in 

ontogeny than follicular and MZ B cells, are found in many peripheral tissues but are also 

highly enriched for in body cavities such as the peritoneal cavity. It has been suggested that 

MZ and B1 B cells each have the property of rapidly producing IgM responses, either by 

quickly generating IgM-secreting plasma cells 52–54, or for B1 cells via a direct pathway 

resulting in constant low-level IgM secretion 55.

A widely accepted idea is that B1 and marginal zone B cells contribute rarely if at all to GCs 
56. Hence the antibodies produced by plasma cells derived from B1 and marginal zone B 

cells can be considered germline encoded and generally low affinity. While it is difficult to 

prove that cells within either population never contribute to GCs (see 57), it is clear that these 

cells rapidly produce large numbers of IgM-secreting cells upon invasion by encapsulated 

bacteria and that these responses are largely T cell independent 58. What is less clear is 

whether these cells contribute to long-lived plasma cell pools. As mentioned briefly above, a 

popular view is that B1 B cells contribute directly to serum antibody pools by constitutively 

releasing small quantities of antibodies 55, 59, although this view has also been challenged 54. 

Additionally, Kelsoe and colleagues reported recently that B1 B cells contribute to a stable 

bone marrow plasma cell population 60. Regardless of whether such antibodies derive from 

plasma cells or B1 B cells, because both populations can be rather stable, titers of antibodies 

they produce should also be relatively stable, perhaps with decay rates that match those 

observed for GC-dominated responses.

Other evidence that B1 B cells contribute to stable antibody repertoires stems from the 

analysis of antibody responses to the relapsing fever spirochete Borrelia hermsii. By 

transferring B1 B cells into B and T cell deficient mice before infection with B. hermsii, 
Alugupalli et al. showed that the resulting response led to exceptionally long-lived 

protection mediated by germ-line encoded IgM antibodies 61, 62. While the extent to which 

these results reflect the activity of long-lived memory B cells or plasma cells is uncertain, 

these results further highlight the need to reconsider the notion that T-dependent GCs are the 

sole source of either cell type.

A discussion of B1 B cells would be incomplete without at least mentioning natural 

antibodies. Natural antibodies are spontaneously produced immunoglobulins with broad 
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reactivity against a variety of foreign and self-antigens 63. Natural antibodies have been 

shown to protect against invasion by viral and bacterial pathogens 64, 65, and thus appear to 

provide an important layer of protection against a wide variety of potentially harmful agents. 

B1 B cells are considered the main source of natural antibodies 59, 63. What is unclear is 

whether the apparent stability of the natural antibody specificity repertoire reflects the 

continual low-level synthesis of IgM and other Ig isotypes, the constant low-level generation 

of short-lived plasma cells, or perhaps even long-lived plasma cells derived from B1 B cells.

Origins and function of the IgA repertoire

Are there other circumstances where B1 B cells and other sources of germ-line encoded 

antibodies contribute to lasting responses? It has also been proposed that B1 B cells 

contribute heavily to the IgA repertoire at barrier surfaces in the gut 66. Interactions between 

the intestinal microbiota and immune cells including dendritic cells within the lamina 

propria of the small intestine (siLP) readily engender the genesis of IgA-producing plasma 

cells 67, 68. Such cells are mainly produced in Peyer’s patches and mesenteric lymph nodes, 

but then relocate to the siLP where they secrete dimeric IgA molecules that are actively 

transported into the intestinal lumen where they bind to a host of commensal bacteria 69. 

Notably, the bulk of the IgA-producing plasma cell pool in the siLP consists of long-lived 

cells 70(our unpublished data). When considering that some 50% of these cells appear to 

stem from T-cell independent processes 71, it may be inferred that T-independent and T-

dependent mechanisms for inducing IgA responses are equally facile at generating long-

lived plasma cells (our unpublished data).

Here we return to the layered immune system hypothesis. In a recent report, Bunker et al. 

reported the characterization of the binding properties of numerous monoclonal antibodies 

derived from IgA+ siLP plasma cells 72. Remarkably some 70% of these antibodies bound a 

diverse pool of commensal bacteria derived from the small intestine, suggesting that a large 

fraction of the IgA repertoire targets conserved molecular structures common to a variety of 

bacterial taxa. By targeting collections of microbes that share particular epitopes, many IgA 

antibodies may share certain functional hallmarks with pattern recognition receptors. 

Notably, current information on the structural features of these antibodies suggests that they 

either arise via completely T- and GC-independent processes, or they arise from GCs but 

without antigen-mediated selection 72, 73.

Importantly however, it is likely that not all IgA antibodies possess these attributes: Palm et 

al. reported that IgA responses preferentially target commensal bacteria with colitis-inducing 

attributes 74, and these antibodies appear to be T-cell dependent. Similarly, unlike much of 

the IgA synthesis in the gut, we found that the emergence of IgA-secreting plasma cells into 

the bone marrow and the induction of serum IgA antibodies that target commensal bacteria 

are each strictly T-cell dependent processes 47. Together these observations suggest that the 

IgA repertoire consists of multiple stable layers that collectively target and continuously 

regulate the composition of the bacterial microbiota.
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Consequences of long-lived extrafollicular responses

Based on these collective ideas and observations we propose that stable antibody repertoires 

derived from long-lived plasma cells arise from multiple pathways including GC- and T-

independent processes (Figure 1). From a practical standpoint, these ideas suggest that the 

capacity of a particular vaccine to induce durable antibody titers is not necessarily a 

consequence of the degree to which it also drives T cell activation. Participation of activated 

T cells is essential for GC responses and affinity maturation, and they can optimize class 

switching, but whether the resulting plasma and memory B cells are long-lived is likely to be 

a separate process influenced by the adjuvant used and other factors. Further support for this 

viewpoint stems from the study of mice lacking the transcription factor Zbtb20, which 

cannot generate lasting responses to protein-based antigen but can produce long-lived 

plasma cells when immunized with adjuvants that stimulate Toll-like receptors 75.

It has been proposed that the production of IgM+ memory B cells is essential for long-lived 

durable protection 48, 49. These IgM+ memory cells are induced in response to both T-

dependent and -independent antigens. The extent to which non-switched memory B cells 

respond to secondary challenge by entering GC reactions versus differentiating directly in 

plasma cells is unclear. However, the advantage of having an IgM+ memory B cell pool with 

broad reactivity and in some cases polyreactivity would include the ability to quickly secrete 

protective antibody without the necessity of lengthy cell-cell interactions needed to form a 

GC. This idea is consistent with aforementioned evidence for T-independent polyreactive or 

natural IgM conferring protection to bacterial and viral pathogens 64, 65. The advantages of 

long-lived polyreactive IgM secretion may come with increased risk for autoimmunity. 

People with Hyper-IgM, most commonly caused by mutations in CD40/CD40L resulting in 

a lack of T-dependent antibody, have increased frequencies of autoimmune-arthritis, -

thrombocytopenia, and -anemia 76.

If we accept the possibility that IgM+ memory B cells and IgM-secreting plasma cells play 

unique roles in immunity, then there appears to be every reason to consider the possibility 

that stable titers of IgM antibodies are every bit as advantageous as stable IgG titers. It may 

also be useful to apply this viewpoint to the secreted IgA repertoire in the intestinal lumen. 

Indeed, in the gut such stability might also prove useful during severe infection, which can 

cause disruption of primary responses 77. Hence, such infections would be less likely to 

provide opportunities for other potentially pathogenic microbes because IgA targeting of 

these taxa would remain unchanged.

Opposing models for inducing long-lived B-lineage cells

Currently we are faced with two dramatically differing views of how stimulation with 

antigen and other signals result in the production of B-lineage cells with markedly increased 

lifespans. Each view builds on the idea that the survival of antigen-experienced cells requires 

their ability to utilize unique cell-extrinsic pro-survival factors. The more classic view, 

derived from a focus on plasma cells, holds that cells must position themselves in unique 

microenvironments to gain access to these factors. Hence plasma cell survival has been 

proposed to hinge on physical access to the BAFF family cytokine APRIL, which in turn 
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may be available only within specialized niches in the bone marrow. Whether a parallel 

model will emerge for memory B cells is unclear, though it should be noted that memory B 

cells apparently do not rely on access to either BAFF or APRIL, in contrast to plasma cells 

and naïve B cells 78, 79. Alternatively, deployment of gene expression and biochemical 

processes needed for subsequent survival may be occur much earlier in differentiation, and 

these pathways may be needed for cells to utilize APRIL and other signals optimally. It 

should be stressed that while these views are not mutually exclusive, there has been 

relatively little work directed towards the latter possibility. We suggest that, while T-cell 

dependent GCs play essential roles in the selection of high-affinity B and plasma cells, it is 

likely that B cell-T cell interactions are not essential for facilitating access or utilization of 

needed pro-survival signals for memory B cells or plasma cells.
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Figure 1. Multiple pathways feed the long-lived plasma cell pool.
T-dependent plasma cells that arise from GC reactions typically produce high-affinity class 

switched antibody. T-independent plasma cell responses can arise from multiple sources of 

stimulation including from B cells primed to respond rapidly like B1 and marginal zone B 

cells, from TLR or foreign antigens that stimulate B cells in the absence of a GC, or from 

commensal bacteria in the mucosal tissues. The resulting antibody from T-independent 

plasma cell responses is typically low-affinity and not class-switched, with the exception of 

mucosal derived plasma cells that switch to IgA. All of these sources of plasma cells are 

capable of seeding the long-lived plasma cell niches that include the spleen, bone marrow, 

and gut.
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