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Abstract

T follicular helper (Tfh) cells cognately guide differentiation of antigen-primed B cells in 

secondary lymphoid tissues. “Tfh-like” populations not expressing the canonical Tfh cell 

transcription factor BCL6 have also been described, which can aid particular aspects of B cell 

differentiation. Tfh and Tfh-like cells are essential for protective and pathological humoral 

immunity. These CD4+ T cells that help B cells are polarized to produce diverse combinations of 

cytokines and chemokine receptors and can be grouped into distinct subsets that promote 

antibodies of different isotype, affinity, and duration, according to the nature of immune challenge. 

However, unified nomenclature to describe the distinct functional Tfh and Tfh-like cells does not 

exist. While explicitly acknowledging cellular plasticity, we propose categorizing these cell states 

into three groups based on phenotype and function, paired with their anatomical site of action.
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T cells that help B cells

Adaptive immunity is characterized by the coordinated actions of T and B cells against a 

variety of pathogens, including viruses, bacteria, helminths, and fungi. While cellular 

immunity is mediated by cytotoxic CD8+ T lymphocytes and effector CD4+ T lymphocytes 

(T helper cells), antibodies produced by plasmablasts and plasma cells constitute the 

humoral arm of adaptive immune responses. Together, both arms complement each other’s 

role in fighting infections and in generating immunological memory, but they may also be 

dysregulated in patients suffering from cancer, allergy, immunodeficiency, or autoimmunity. 

Most long-lived highly specific antibody responses require help from CD4+ T cells. 

Originally, the CD4+ T helper type (Th)2 cell subset was thought to be responsible for 

directing antibody responses. Work from the past two decades has corrected and refined this 

model with the identification of T follicular helper (Tfh) cells --a subset of CD4+ T cells 

responsible for directing antibody production to a wide array of immune stimuli. However, 

unified nomenclature to describe functional Tfh and Tfh-like cells is currently lacking. Here, 

we propose a three-group nomenclature system to categorize these helper subsets based on 

phenotype, function, and anatomical localization.

Tfh cell differentiation and functional heterogeneity

Tfh cells are the primary T cells responsible for supporting B cell proliferation, survival, and 

differentiation in humans and mice. Their recognition as a functionally distinct T helper cell 

subset was facilitated by the identification of the chemokine receptor CXCR5 as a hallmark 

of B cell helper function, followed by the discovery of B cell lymphoma 6 (BCL6) as the key 

transcriptional regulator of Tfh cell differentiation [1–3]. Unlike other effector T helper 

cells, Tfh cells typically act in secondary lymphoid organs (SLOs), where they interact 

with B cells at multiple sites, including the T-B border inside B cell follicles and in 

germinal centers (GCs), to direct the isotype, specificity, and affinity of the B cell response 

through both contact-dependent signals and the production of cytokines (Box 1, Fig.1, Table 

1).

The isotype of the immunoglobulin (Ig) Fc region dictates multiple aspects of antibody 

function and differs based on the nature of the immune challenge. B cell isotype switching 
is regulated by specific cytokines, typically (but not exclusively) produced by Tfh cells. 

Thus, Tfh cells with distinct cytokine profiles are induced based on the nature of the immune 

stimulus [4]. These Tfh cells, in turn, promote the production of antibody isotypes differing 

in form and function; for example, in mice, IFNγ-driven IgG2 is induced during influenza 

virus infection and IL-4-driven IgE is induced against venoms [4]. Indeed, humans and mice 

possess Tfh cell subsets defined by the differential expression of chemokine receptors and 

the production of cytokines that parallel CD4+ T effector cell subsets [5–7]. For instance, 

Tfh cells can express the same lineage-defining transcription factors as their conventional T 

helper counterparts (e.g., TBET, GATA3, RORγT) [8]. In fact, tissue-homing effector CD4+ 

T cells as well as GC-homing Tfh cells have been proposed to represent a cellular 

continuum [7, 8]. Functional polarization of Tfh cells might be expected given that the 

stimulatory milieu directing CD4+ T effector cell polarization should likewise act on 

differentiating Tfh cells.
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Tfh and Tfh-like cell heterogeneity exists but adequate nomenclature does 

not

It is important to distinguish different types of T cell -B cell interactions as they 

differentially impact the B cell populations and the antibodies induced during an immune 

response (Box 2). Note that effects on B cells and antibodies are not identical; for example, 

an effect on memory B cells may not be evident in the antibody response produced by 

plasmablasts during immunization. Both BCL6-dependent and -independent T cells shape 

antibody responses at different phases of the B cell response in response to diverse immune 

stimuli. For example, in mice, the early IgG1 B cell reaction to immunization includes the 

generation of both immunoglobulin class-switched memory B cells and short-lived, low 

affinity, antibody-secreting plasmablasts. Both responses require CD4+ T cells, but may 

differentially rely on Tfh cell help or GCs [9–11]. In contrast, B cell selection within the 

GC, and the ultimate production of long-lived, high affinity plasma cells/antibodies and 

highly mutated memory B cells, are both BCL6-and Tfh-dependent [9, 10]. Even this 

oversimplified scheme may differ in terms of the relevant T cell-B cell interactions 

depending on the anatomical site of induction. For example, in mice, highly specific IgA to 

food antigens can be produced in the gut in a Tfh cell-independent manner, distinguishing it 

from IgG1 and IgE [12].

Even the different antibody isotypes produced by plasmablasts/plasma cells (e.g., IgG1 vs. 

IgG2 in mice) might be regulated by multiple types of T cells prior to the GC reaction (Box 

1) [9, 10, 13, 14]. For instance, IL-4 and IL-21 production by mouse Tfh cells supports 

immunoglobulin isotype switching to IgG1 as well as plasma cell differentiation, whereas 

IFN-γ and IL-21 production can promote IgG2 and the differentiation of T-BET+CD11c+ 

atypical memory B cells, while IL-4 inhibits their formation [15]. Therefore, a flexible and 

inclusive nomenclature for the potentially distinct T cells that guide B cell differentiation 

(e.g., memory vs. plasmablast vs. plasma cell vs. atypical) and isotype switching is 

warranted.

Despite two decades of investigation, a unified terminology to describe different functional 

Tfh and Tfh-like cell states does not exist. As has been true for the innate lymphoid cell 

(ILC) and dendritic cell (DC) fields, when varied nomenclature is used for the same cell 

subset in different studies, questions arise about whether different functions of the same 

subset exist versus the existence of distinct subsets. For the ILC and DC fields, unified 

nomenclature has enabled cross-comparison in work performed by different groups [16]. As 

Tfh cells have been studied under a variety of immunological conditions, numerous states/

subsets of Tfh cells have been identified, each with differential gene expression programs 

and functions. As pointed out a decade ago, it seems appropriate to use different 

nomenclatures while a field matures [17]. However, the nomenclature for the various Tfh 

and Tfh-like cell subsets has remained ambiguous, inconsistent, and fragmented. This calls 

for evolution of the nomenclature.
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An inclusive, unified nomenclature for T cells that help B cells

Here, we provide a framework for unifying the various Tfh and Tfh-like cell populations that 

have been described across experimental systems by assigning them into three groups based 

on their phenotype and function (Fig. 2 and Table 1). This group assignment allows for 

comparison of T cells that act at different phases of the B cell response as well as for their 

distinct functional locations. While explicitly taking into account the high degree of cellular 

plasticity within the T helper and Tfh cell compartments, it is anticipated that this 

categorization can help the community to better align current efforts to improve our 

understanding of the complexities of T cells that help B cells.

Identifying Tfh cell group names by a “signature” cytokine would be inaccurate (e.g., there 

is likely to be more than one cytokine of functional importance in each group), and cytokine 

production is dynamic; indeed, combinations of cytokines may be present at different ratios 

over time, as has been shown for the production of IL-21 and IL-4 by murine Tfh cells [18]. 

Instead, we propose a group classification based on the combined cytokine/transcription 

factor/chemokine receptor phenotype and the functional characteristics of effector Tfh cells, 

while for ease of grouping, concomitantly acknowledging “signature” or essential cytokines 

(Fig. 2). Using parallel group names to the ones established for ILCs [16] and applicable to 

CD4+ T cell subsets [19] highlights a coordinated immune response (e.g., grouping CD4+ T 

effector, Tfh, ILC, antibody, etc.) to particular types of immune challenges (e.g., type 1 

intracellular pathogens vs. type 2 helminth infections vs. type 3 extracellular pathogens).

Common features exist in the Tfh/Tfh-like cell subsets across the groups. For example, 

canonical Tfh cells in all groups express CXCR5, PD-1, ICOS, and BCL6. Another 

canonical feature of cells across the three groups is IL-21 production --a cytokine that is 

essential for multiple aspects of the B cell response, even if it is only transiently produced 

[20]. IL-4 is also considered a canonical Tfh cytokine but can be expressed at different levels 

by members in all groups with the highest expression in Group 2 and is therefore depicted 

with that group (Fig. 2).

Group 1 Tfh cells

Type 1 immunity controls intracellular pathogens and can contribute to anti-tumor immune 

responses as well driving autoimmune and inflammatory states [19]. Group 1 Tfh cells that 

arise during such conditions can produce IFN-γ, transiently express the transcription factor 

T-BET, and/or promote IgG subclasses that bind complement and FcRs. IFNγ-producing 

Tfh and Th1 cells have been shown to develop in mice simultaneously, with early IL-12 

production promoting both fates through the upregulation of BCL6 and T-BET [21] – with 

the balance between these two transcription factors determining Tfh versus Th1 cell fates, 

respectively [22, 23]. Notably, IL-12 induces the highest proportion of Tfh-like IL-21-

expressing cells from human naïve CD4+ T cells in vitro, a substantial proportion of which 

co-express IFNγ [24, 25]. IFNγ+, CXCR3+ or T-BET+ Tfh cells have been observed in mice 

and humans in vivo after viral infection (e.g., influenza), vaccination with squalene-based 

adjuvants, inactivated viral vaccines or adenoviral vectored vaccines, and in certain 

autoimmune states, including systemic lupus erythematosus (SLE) and juvenile 
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dermatomyositis [26–32]. Ultimately, T-BET, which is essential for polarizing this Group 1 

Tfh phenotype, must be silenced, and BCL6 expression is maintained for Tfh cell 

differentiation to proceed [26, 28, 30, 31].

Group 1 Tfh cells are associated with abundant IgG2 and moderate IgG1 production in mice 

[29, 31, 33]. Although human memory CXCR3+ Tfh cells produce IFNγ [6, 34], whether 

IFNγ can provide help to human B cells or direct immunoglobulin class switch 

recombination (CSR) is unclear [34, 35]. Indeed, human memory CXCR3+ Tfh cells are 

inefficient in inducing differentiation of human naïve B cells in vitro [5, 6]. However, 

following influenza virus booster vaccination, CXCR3+ Tfh cells dominate in peripheral 

blood, correlate with vaccine efficacy, and can activate human memory B cells to induce IgG 

production [27]. Therefore, this group of human circulating Tfh (cTfh) cells might only 

demonstrate functional activity if recently released from SLOs in the context of a recall 

immune response (rather than primary), and may use signals other than IFNγ to impact B 

cell function. Consistent with this, CXCR3+ Tfh cells in lymph nodes (LNs) from rhesus 

demonstrate IgG-inducing capabilities macaques after chronic simian immunodeficiency 

virus infection [36]. Additionally, a subset of Group 1 Tfh cells has been proposed to 

produce IL-10 during chronic viral infection with Clone13 lymphocytic choriomeningitis 

virus (LCMV) [37]. Different studies have referred to mouse and human Tfh cells in this 

group as “ex-T-bet Tfh”, “Tfh1”, “Tfh1-like”, “CXCR3+ Tfh” “IL10+IL21+ Tfh”, or Tfh-

Th1-like” cells, which we now propose to collectively call Group 1 Tfh cells.

Group 2 Tfh cells

Type 2 immunity controls helminth infection and toxins but can also cause allergic reactions. 

Group 2 Tfh cells that arise during these conditions produce high amounts of IL-4, can 

express GATA3 or BATF, lack the chemokine receptors CXCR3 and CCR6, and are 

associated with the production of IgG1 and IgE in mice, and IgG4 and IgE in humans [38]. 

Using this definition, Group 2 Tfh cells have been observed in mice during allergic 

sensitization, helminth, protozoa, and Plasmodium sp. infections, following alum-adjuvanted 

protein-subunit vaccine administration, as well as in IgE-associated SLE [31, 38–45]. As 

IL-4 has also been considered a canonical Tfh cell cytokine that is expressed by Tfh cells 

during a wide variety of immune reactions and which might be possibly beneficial for GC B 

cell survival and differentiation [17], the distinction of IL-4-producing Group 2 Tfh cells 

from other Tfh groups is difficult without incorporating an associated antibody response.

What has become clear --primarily through mouse-based studies --is that Group 2 Tfh cells 

and Th2 cells are distinct in terms of location and function, with Th2 cells producing few 

cytokines in LNs and failing to participate in B cell responses, while conversely, Tfh cells 

play a limited role in type 2 tissue inflammation, as evidenced rom various allergy mouse 

models [38, 39, 42, 43, 46]. In vitro, such a clear functional demarcation is difficult to 

ascertain as a wide variety of T cells can sustain and guide B cell activation, presumably 

through the production of IL-21. Yet, as is likely true for all CD4+ T cell subsets, the 

relationship between Group 2 Tfh cells and Th2 cells is close, with interconversion between 

each subset being observed following Tfh2 or Th2 adoptive transfer into mice [47, 48].
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In humans, cTfh cells that lack CXCR3 or CCR6 expression produce the highest amount of 

Type 2 cytokines IL-4, IL-5 and IL-13[5, 6, 44]. IL-4 producing Group 2 Tfh cells have been 

identified in human SLOs as being associated with IgG4-related disease, and circulating 

IL-4+IL13+ Tfh cells have been associated with IgE+ allergic states [38, 49].Thus, Tfh cells 

expressing IL-4 along with other cytokines such as IL-13, and preferentially inducing IgE 

and IgG1 (mouse) or IgG4 (human) antibodies, have been referred to as “Tfh2”, “Th2-Tfh”, 

“Th2-like Tfh”, “Tfh13” and “Tfh4” cells, which we now propose to collectively term 

Group 2 Tfh cells (Tfh2).

Group 3 Tfh cells

Type 3 immunity, epitomized by Th17 cells, is responsible for clearing fungal infections and 

extracellular bacteria, as well as regulating gut microbiota, but it also mediates the pathology 

underlying many autoimmune diseases, such as rheumatoid arthritis and SLE [50]. IL-17-

expressing Tfh cells have been observed in humans and mice, and human CCR6+ Tfh cells 

from blood activate allogeneic B cells in vitro [5, 6]. However, as mentioned previously for 

other T cell subsets, it is difficult to know if such cellular interactions also occur in vivo.

Multiple studies suggest a shared developmental program between Tfh cells and Th17 cells; 

both populations exhibit early IL-2 production but must avoid responding to IL-2 to 

differentiate [51]. Additionally, STAT3 signaling, induced by IL-6 and IL-21, is essential for 

the differentiation of human and murine Tfh and Th17 cells [5, 17, 52, 53]. Besides a 

putative shared ontogeny, human and murine Th17 and Tfh cells produce IL-21 and can 

secrete IL-17, although at differing concentrations [54]. Further, adoptive transfer of in vitro 
differentiated Th17 cells into wildtype mice can promote both GC formation and antibody 

production [55]. Whether this might be due to Tfh cell differentiation following transfer is 

not known, but mouse studies using genetic fate mapping have shown that Th17 cells in the 

gut can convert into Tfh cells [56]. This overlap in differentiation and plasticity between Tfh 

and effector CD4+ T cell populations is not unique to Group 3 cells; however, a 

‘functionally’ distinct Th17-like Tfh cell population has been difficult to identify, as 

summarized below.

Cellular Th17 cell responses are essential ifor fighting fungal infections [19], yet only 

limited data exist supporting a role for antibody-mediated protection from fungal infections 

[57]. This suggests that a parallel Tfh-antibody program complementing the cellular 

immunity identified for Type 1 and Type 2 immune responses might not occur during all 

Type 3 responses. Further, in humans with mutations in IL-17 pathways, (i.e., RORC, 

IL17RA, IL17RC, IL17F, TRAF3IP2), antibody responses to infection or vaccination are not 

significantly impaired [58], and the frequency of IL-17+CCR6+ circulating Tfh cells in 

patients following vaccination or viral infection is inversely correlated with neutralizing 

antibody titers [59, 60]. Therefore, a clear role for Group 3 Tfh cells in pathogen protection 

remains unclear.

In the murine gut, Th17 (and Treg) conversion into Tfh cells has been postulated to regulate 

IgA production in response to microbiota [56, 61, 62] and numerous studies have associated 

increased frequencies of gut Tfh cells with IgA titers [63, 64]. However, loss of BCL6 in T 
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cells (Bcl6fl/flCd4cre), thus ablating Tfh cell differentiation in mice, does not impair T cell-

dependent IgA responses to bacteria or food antigens [12, 65, 66]. Further, IL-21 --which 

can be produced by both Tfh and Th17 cells, but not IL-17--promotes B cell IgA production 

[62, 67]. Therefore, a definitive role for Tfh17 cells in the induction of IgA in mice is 

lacking and little is known about the T cells that regulate IgA in humans [68]. We posit that 

Group 3 Tfh-like cell regulates this response (Fig. 2), but more work is needed to verify this 

association.

The strongest association of Group 3 Tfh cells with antibody induction comes from studies 

in mouse models and form patients with autoimmune conditions. For instance, the number 

of circulating Tfh cells is increased in systemic lupus erythematosus (SLE) patients 

compared with healthy controls and correlates with autoantibody titers [69]. IL-17-

producing Tfh cells are present in the spleens of lupus-prone (BDX2, NZBxSWR) or 

autoantigen (self-DNA) immunized mice relative to non-autoimmune controls [70–72]. A 

direct impact of IL-17 on GC formation has been shown in lupus-prone (BDX2, 

Rc3h1san/san) or autoimmune arthritis-prone (K/BxN) mice, in which IL-17 neutralization or 

deficiency blocks the generation of both GCs and IgG autoantibodies relative to control mice 

[73–75]. However, whether IL-17 derives from Tfh, Th17, or another Tfh-like cell in these 

models has not been established. Multiple non-Tfh or Tfh-like cells are also observed in 

patients with autoimmune conditions such as lupus and rheumatoid arthritis or in mouse 

models of autoimmunity and have been found to associate with autoantibodies (Box 2). 

These include IL-21-or IL10-producing Th17 cells in the blood, T peripheral helper (Tph) 
cells in affected tissues, or extrafollicular Tfh cells in SLOs [76–79] (Box 2).

Therefore, the identity of the CD4+ T cell subsets that promote mucosal IgA production 

from B cells, as well as autoreactive IgGs remains unclear. Moreover, whether bona fide Tfh 

cells are necessary during Type 3 immune responses to pathogens remains untested. 

However, multiple studies have associated the presence of IL-17+ and/or CCR6+ Tfh cells 

with these humoral responses and have called them “Tfh17” and “Th17-like Tfh” cells[6, 17, 

80]. If such cell types are found to regulate particular antibody classes, including IgA or 

autoreactive IgG, we posit they should be termed Group 3 Tfh or Group 3 helper cells, 

depending on their cellular identity.

Altogether, this new classification system aims to group CD4+ T cells that together, over 

time, and in different locations, help particular types of B cell responses with unique sets of 

cell surface and cytokine-mediated cues. The ensuing humoral responses generate antibodies 

with distinct effector mechanisms (e.g., complement activation versus FcR-mediated uptake 

versus myeloid cell degranulation, etc.) and anatomical spaces (e.g., mucosal surfaces, 

blood, fetus, etc.). Further, we argue that one advantage of this group-based nomenclature is 

that it allows flexibility in incorporating new subsets of Tfh and Th-like cells within each 

group.

Concluding Remarks

The framework proposed here is to be tested in a variety of animal models and human 

conditions to conclude whether such nomenclature, if adopted, can be useful to the field (see 
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Outstanding Questions). It makes sense to adopt uniform and concise names for particular 

Tfh cell phenotypes, but by naming them, we do not mean to imply an immutable subset 

commitment. As previously argued, γδ, αβ and NKT cells are separate lineages that do not 

interconvert [81]. The same cannot be claimed for CD4+ T cell subsets (e.g., Th1, Th2, 

Tregs, etc.), nor Tfh cell subsets [7, 8]. These cell states are malleable to environmental cues 

[82]. For example, Tfh cells may produce different cytokines over the course of an immune 

reaction and may interconvert with other CD4+ T cell subsets; highly similar Tfh cells 

within a particular group may functionally differentiate from each other by distinct cytokine 

production (e.g., IL-13+IL-4+ Tfh cells would be a rare Group 2 Tfh cell only arising during 

allergen responses). Similarly, BCL6-independent T cells that harbor aspects of both Th 

effector and Tfh cells could regulate particular aspects of the B cell response. We propose 

that investigators identify the group being studied in their work, but then have the flexibility 

to name individual subsets within that group, using clear definitions according to the unique 

aspects of the cell being studied.

An outstanding issue we anticipate but that will likely be resolved with further investigations 

is what to call the groups themselves. We named the groups for their representative Tfh 

subset (Fig. 2), while acknowledging that non-Tfh cells also participate in the response, and 

that these subsets are dynamic. As Group 1 Tfh is likely to be shortened to Tfh1 (and so on 

for the other groups) while still including non-Tfh cells, evolving nomenclature should be 

considered (e.g., Group 1 T-b cells (Tb1) or Group 1 T helper cells for B cells (Thb1), etc.). 

However, the important central theme raised in this opinion piece is that a variety of CD4+ T 

cell subsets can participate in a given humoral response, often with common patterns of 

cytokine production and transcription factor usage. Clearly, further defining and studying the 

interplay between these T cell subsets can reveal important mechanisms of B cell regulation 

and humoral immunity and represents a fruitful area of investigation.
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Glossary

Atypical B cells
CD11c+T-BET+ B cells implicated in mouse and human host responses to vaccines, viral 

infections, autoimmunity, and immune aging

BXD2
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inbred mouse strain resulting from several crosses between C57BL/6J and DBA/2J strains; 

they display IL-17-producing T helper cells in GC and spontaneously develop autoimmune 

manifestations

Complement
system of proteins, as an arm of the immune system that enhances the ability of antibodies 

and phagocytic cells to clear pathogens and damaged cells

Circulating Tfh cells
CXCR5-expressing T helper cells found in the human and murine blood that acquire Tfh 

cell function in cases of antigen rechallenge

Extrafollicular helper Tfh (EF-Tfh) cells
Tfh cells that localize in extrafollicular sites of SLOs whose function is to support antibody 

production by B cells

Effector Tfh cells
Activated Tfh cells that control the outcome of antigen-primed B cells in the effector phase, 

as opposed to memory Tfh cells that are quiescent

T follicular helper (Tfh) cells
CXCR5-expressing T helper cells controlled by the master regulator BCL6 that regulate the 

development of antibody-secreting cells and memory B cells in SLO

GC-Tfh
Tfh cells that localize in GC where they control affinity-based selection of B cells

K/BxN
mouse model resulting from the backcross of the TCR transgene KRN strain and the MHC 

class II molecule Ag7-expressing NOD strain. These mice develop spontaneous erosive 

arthritis. Serum transfer from these mice also causes arthritis

Light zone
Part of the GC where GC-B cells are subjected to selection by GC-Tfh cells in the presence 

of follicular dendritic cells

Foxp3
transcription factor that controls regulatory Treg differentiation

FcRs
Fc receptors; surface receptors that allow the binding of the Fc region of antibodies attached 

to infected cells or invading pathogens. While FcRs are engaged, FcR-expressing cells are 

stimulated to perform antibody-mediated phagocytosis or antibody-dependent cell-mediated 

cytotoxicity

Immunoglobulin (Ig) isotype switching (class switch recombination)
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Rearrangement of the heavy chain locus of the Ig in antigen-primed B cells. Process 

regulated by specific cytokines that results in a different Ig isotype based on the nature of the 

immune challenge

Memory CXCR3+ Tfh cells
Subset of circulating Tfh cells expressing the chemokine receptor CXCR3 and emerge after 

viral infection. Their potency to support B cells remains unknown

Pre-GC Tfh ; Pre-Tfh
Early Tfh cells that localize at the T-B border after T cell priming; important as B cell 

helpers and precursors of GC-Tfh cells

Red pulp
Area of the spleen engorged with blood where blood antigens and microorganisms are 

filtered. This area is separated from the splenic white pulp by the marginal zone

Secondary lymphoid organs
include lymph nodes, Peyer’s Patches and the spleen. They contain naïve lymphocytes and 

correspond to the initiation sites of adaptive immune responses

Splenic bridging channels
Areas in the spleen between the T zones and the red pulp where some extrafollicular plasma 

cells localize

T-B border
Area of SLOs between the T cell zones and the B cell follicles where antigen-primed B cells 

and Tfh cells first encounter

T peripheral helper (Tph) cells
found in non-lymphoid tissues of autoimmune patients ; PD-1hiCXCR5−BCL6low B cell 

helpers

T follicular regulatory
GC suppressive cells that express conventional Tfh cell molecules as well as ones 

characteristic of Tregs

T resident helper (Trh) cells
BCL6-dependent memory T helper cells that reside in tissue outside of SLOs; they become 

effector Tfh cells in case of antigen-rechallenge
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The nature of B cell help provided by Tfh cells depends on where they are located

Tfh cells are named for their ability to provide help to the recirculating mature B cell 

pool, also known as follicular B cells, due to their migration between follicles of 

secondary lymphoid organs (SLO) (Fig. 1). Tfh cells can encounter recirculating 

follicular B cells at the borders between the T cell zones and the follicles (T-B border), in 

the B cell follicle, the interfollicular region, and in germinal centers (GC). During 

responses to protein antigens, the first cognate encounter between primed CXCR5+ CD4+ 

Tfh cells and B cells that have bound antigen typically occurs at the T-B border [83]. 

Here, Tfh and/or Tfh-like cells provide co-stimulatory signals, including CD40L and 

cytokines, to B cells, which initiate their differentiation and direct immunoglobulin (Ig) 

isotype switching [14, 84]. CD4+ T cells expressing intermediate amounts of CXCR5, 

immune checkpoint receptor programmed death-1 (PD-1), and BCL6, interacting with B 

cells at the T:B border have been called “pre-GC Tfh” cells, “pre-Tfh” cells, or “Tfh” 

cells [85]. We propose referring to them as Tfh cells, to emphasize their role as functional 

B cell helpers, in addition to being the precursors of GC-Tfh cells (Table 1).

Interactions between Tfh cells and B cells further the differentiation of Tfh cells, as well 

as their migration into the GC to become “GC-Tfh” cells, where they mediate affinity-

based selection of GC B cells (GC reaction), and the subsequent differentiation into 

memory B cells or long-lived antibody secreting plasma cells [86]. These GC-Tfh cells 

express the highest amounts of CXCR5, PD-1, and BCL6, and are typically located 

within the light zone of the GC. GC-Tfh cells are essential for GC function and 

maintenance [1, 3, 87]. Although the postulated functions are distinct between Tfh cells 

in supporting B cell activation and Ig class switching versus those of GC-Tfh cells in the 

selection of high affinity B cells, an accurate identification of these cell types without 

direct in vivo imaging is challenging. Of note, their presumed identification by flow 

cytometric analyses uses intermediate amounts of CXCR5 and PD-1 expressed on Tfh 

cells relative to high expression of these markers on GC-Tfh cells in mice and human 

SLOs [17].

In addition to acting in the follicles of SLOs, Tfh cells may also migrate to extrafollicular 

sites within SLOs, typically identified in splenic bridging channels (areas between the T 

zones and the red pulp). CD4+ T cells at these sites have been called “extrafollicular 
Tfh (EF-Tfh)” cells and have been observed in the context of autoimmunity [77]. Here, 

EF-Tfh cells support antibody secreting plasmablasts, although their role in other 

immune reactions remains to be defined.

The study of human Tfh cells is complicated by the limited experimental access to SLOs 

after natural infection or immunizations. Subsets of circulating CD4+CXCR5+ T cells 

with B cell helper functions have been shown to be phenotypically, functionally, and 

transcriptionally related to SLO Tfh cell subsets [5, 6, 69, 88, 89]. RNA and TCR 

sequencing of paired human blood and SLO Tfh cell subsets showed that CXCR5+PD-1+ 

circulating Tfh (cTfh) cells were transcriptionally related to SLO Tfh cells and shared 

TCR sequences, suggesting a common origin [90–93]. In mice, adoptive transfer of cTfh 
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cells followed by immunization revealed that cTfh cells were rapidly recalled (as SLO 

Tfh cells), suggesting that cTfh lmight ikely act as memory cells [89].
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Non-classical T helper cells for B cells

Multiple populations of Tfh-like cells exist in SLOs that affect aspects of the B cell 

response. For example, BCL6-expressing natural killer T cells (NKT; also known as 

NKTfh cells) have been shown to provide efficient help to alpha-GalCer-binding as well 

as non-cognate B cells through the production of IL-21 and IL-4 [94–96]. In some mouse 

models of vaccination, BCL6-independent CD4+ T cells can also provide help to B cells; 

these cells likely differ from classic effector Th cells by remaining in SLOs rather than 

rapidly emigrating to peripheral tissues to orchestrate cellular immunity [9, 13, 97]. 

However, their anatomic relationship and functional breadth has yet to be clarified. We 

propose here classifying them as SLO-Th to distinguish them from Th cells that exit 

SLOs (i.e., classic Th1, Th2, Th17) (Table 1). The Tfh cell regulatory counterpart, T 
follicular regulatory (Tfr) cells in mice, has been shown to typically derive from Foxp3+ 

precursors and function as a suppressive subset of regulatory T cells (Treg), while helping 

to shape the GC response [98].

In non-lymphoid tissues such as the joint synovium, a subset of PD-1hiCXCR5− cells has 

been described in autoimmune conditions e.g. rheumatoid arthritis; these cells have been 

designated T peripheral helper (Tph) cells in humans but their ontogeny and 

relationship to classic Tfh cells in SLOs remains unknown [78, 79]. Similar cells have 

been identified in the blood of patients with systemic lupus erythematosus (SLE) [76]. 

These populations are thought to support local production of autoimmune antibodies. 

Another population of BCL6-dependent CD4+ T cells residing outside of SLOs that help 

B cells are the recently described T resident helper (Trh) cells [99, 100]; these cells 

have promoted local B cell responses in the lungs of mice in models of virus re-infection. 

A similar population has been described in certain human tumors, with the production of 

CXCL13 promoting local memory B cell responses [101].
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Outstanding questions

• How plastic is the Tfh cell fate with other CD4+ T cell subsets in humans and 

mice? The extent of interconversion between different Tfh cell sub-groups 

and other T cell subsets has yet to be fully elucidated.

• What is the nature of group 3 Tfh/Tfh-like cells in humans and mice? The 

identity of this subgroup of Tfh cells is not well defined and further work is 

required to determine the role of Tfh17 cells in type 3 Immunity.

• What is the relative role of Tfh vs non-Tfh cells in class switching? Tfh cells 

and Bcl6-negative B cell helpers can direct class switching under different 

circumstances, yet the contribution of each T cell type to humoral immunity 

has not been well defined.

• What are the specific molecular regulatory steps of Tfh cell differentiation 

and polarization? The molecular mechanisms that determine Tfh cell 

subgroup differentiation have not been fully defined; this is important 

knowledge for rational vaccine design that generates a B cell response of a 

desired type.

• What cytokines in humans regulate class switching to different IgG subtypes? 

Cytokine dependent skewing of class switch recombination has been well 

defined in mice, but is less clear in humans, in particular for IFNγ.

• What is the nature of the T cells that regulate antigen-specific IgA in the gut? 

IgA is one of the most abundant antibody isotypes in the body, and yet the 

nature of T cells that determine its production are not fully understood.
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Highlights

• We propose a group 1, 2 and 3 classification system for CD4+ T cells that 

help B cells based on differential expression of signature cytokines, 

transcription factors (TF), and chemokine receptors, paralleling 

nomenclatures used for other lymphoid subsets.

• This nomenclature is applicable to BCL6-dependent Tfh cells but also BCL6-

independent Tfh-like cells that specifically help B cells and are functional in a 

variety of anatomical sites.

• These three groups of Tfh/Tfh-like cells induce distinct types of B cell 

responses.

• This concept does not exclude cellular plasticity, either between the three 

groups, or between Tfh cells and other effector CD4+ T cell types.
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Figure 1: Nomenclature used for CD4+ T cells that help B cells in different anatomic locations in 
mice and humans.
Left, Tfh and Tfh-like subsets are shown in regions of secondary lymphoid organs (SLOs) 

with particular functions depicted. Shown is a region of a lymph node, although similar 

structures exist in other SLOs. Extrafollicular T follicular helper (EFTfh); T follicular 

regulatory (Tfr); Natural killer Tfh (NKTfh); Secondary lymphoid organ Tfh (SLO Tfh); 

Plasmablast (PB); Antibody secreting cell (ASC); Germinal center B cell (GCB); Memory B 

(mB). Right, Tfh and related subsets in tissues and the blood with general anatomic 

distinctions and select functions indicated. Circulating Tfh (cTfh); T peripheral helper 

(Tph); T resident helper (Trh).
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Key Figure, Figure 2: Proposed unified groups of Tfh and Tfh-like cells.
The schema depicts the proposed members of each group with one representative 

“functional” Tfh cell shown expressing the classic Tfh-defining chemokine receptor 

CXCR5. Signature cytokines along with the canonical cytokine IL-21 are shown but 

represent the group members without indicating a static state. For example, IL-21 may be 

produced during particular time windows rather than continuously and other cytokines such 

as IL-4 may be expressed by cells of all groups but at lower amounts than group 2. Each 

group encompasses Tfh and Tfh-like cells that can function at different sites within SLOs as 

well as outside of SLOs, with the central theme of the group being the similar transcription 

factor and cytokine expression patterns. Cooperation of the group members ultimately 

results in the production of the types of antibodies depicted at the bottom of the image, as 

well as humoral immunity to the types of challenges listed at the top.
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