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Follicular helper T cells provide signals that promote B cell
development, proliferation, and production of affinity matured
and appropriately isotype switched antibodies. In addition to
their classical locations within B cell follicles and germinal
centers therein, B cell helper T cells are also found in
extrafollicular spaces — either in secondary lymphoid or non-
lymphoid tissues. Both follicular and extrafollicular T helper
cells drive autoantibody-mediated autoimmunity. Interfering
with B cell help provided by T cells can ameliorate autoimmune
disease in animal models and human patients. The next frontier
in Tth cell biology will be identification of Tfh cell-specific
pathogenic changes in autoimmunity and exploiting them for
therapeutic purposes.
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Classical model of Tfh cell function

Adaptive immunity allows the host to respond specifically
and defend against a diverse array of insults, from patho-
gens to tumors, that threaten homeostasis. The cellular
and soluble mediators of the immune system detect
pathogens, producing a coordinated response that is tai-
lored to salient features of the pathogen such as intracel-
lular versus extracellular, mucosal versus intravascular,
and cutaneous versus visceral, and in proportion to the
danger posed. Humoral immunity, a key part of this
defense strategy, is a biological high-throughput mecha-
nism of generating high-affinity ligands, antibodies,
against targets of interest, antigens. Depending on anti-
body isotype, different effector functions can be engaged
upon ligand recognition. Thereby, the immune system
can, in relatively short order, neutralize, opsonize,
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sensitize or destroy the inciting pathogen specifically
and methodically.

Optimal antibody responses are the result of T and B cell
collaboration. Much of our understanding of the details of an
antibody response comes from studies of experimental viral
infection or immunization. In these settings, antibody pro-
duction is regulated within secondary lymphoid organs
(SLOs) with an early induction of short-lived plasmablasts
in extrafollicular regions followed by a later, durable, follic-
ular response initiated in germinal centers (GCs) within B
cell follicles [1]. Upon antigen engagement, activated T cells
in the T cell zone of SLLOs and B cells from the follicle
proliferate and migrate to interfollicular regions of lymph
nodes or the T-B cell border of the spleen, sites of their
initial interaction and where T cells initiate steps for B cell
maturation. B cells can then migrate to extrafollicular regions
where they may undergo isotype switch and even somatic
hypermutation leading to the production of low to moderate
affinity antibodies that aid in pathogen elimination early
following challenge. Alternatively, nascent follicular helper
T (Tth) cells, expressing their canonical transcription factor
Bcl-6,and B cells migrate into the follicle, as both express the
chemokine receptor CXCR5 (C-X-C motif chemokine
receptor 5) enabling migration toward its ligand CXCL13
(chemokine C-X-C motifligand 13) expressed in the follicle,
acting together to develop the GC. Tth cells in the follicle,
and subsequently the GC, guide the antibody response
using cell-surface proteins including PD-1 (programmed
cell death protein 1), CD40 ligand (CD40L, CD154) and
ICOS (inducible co-stimulator), as well as secreted factors
suchas IL.-21, the signature T'th cell cytokine. In the absence
of functional Tth cell help, GC B cells exhibit impaired
isotype switching and reduced survival, proliferation and
affinity maturation [2—4]. As GC B cells undergo somatic
hypermutation, Tth cells provide repetitive selection to
ensure immunoglobulin (Ig) affinity maturation. T'th cells
also help skew isotype choice in order to ensure the humoral
response is appropriately coordinated within the larger
immune response to the inciting pathogen. For example,
intracellular pathogens, such as viruses, clicit a Th1 cell
response driven by IFN-y. During such a response, Tth cells
will also produce IFN-y which helps GC B cells switch to
inflammatory IgG2a/c (IgG1 in humans) [5°°,6]. By contrast,
allergens or helminths will drive Th2 responses via I1.-4 and
other type 2 cytokines. T'th cells generated during a Th2
response express 11.-4 which helps induce IgG1 (IgG4 in
humans) and [gE antibodies. These findings give rise to the
paradigm that the basic T'fh cell developmental program can
be modified by the cytokine milieu toward Tthl or Tth2
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fates. I1.-21 secreting T'th cells, thought to arise directly from
Th17 or Treg cells, have also been described in small
intestine Peyer’s patches and may be important for support-
ing IgA production again gut microbes, although the role of
IL.-17 within germinal centers has not been well established
[7-9]. Thus, Tth cells can adopt fates similar to how T
effector cells can become Thi, Th2 or Th17 cells (Figure 1),
thereby allowing the humoral response to match the overall
immune response to a particular pathogen. After completing
their maturation, B cells exit the GC as memory B cells or
long-lived plasma cells that together provide sustained
humoral immunity for the host. The detailed migration
patterns, molecular basis for Tfh cell differentiation and
function, and mechanisms of T'th cell skewing have recently
been reviewed [5°°].

This model of T'th cell function is largely based on results
in mice. Such detailed experiments are generally not
feasible in humans where direct access to lymphoid tissue
is limited. However, experiments using tonsils have been
largely consistent with the model above [10].
CXCR5"CD4" T cells are also found in human circula-
tion. The majority of such cells are central memory cells,

carrying markers of this phenotype, and thus have the
potential to recirculate to follicles of secondary lymphoid
organs to promote B cell responses upon immune re-
challenge. Growing evidence, primarily from vaccination
studies that show induction and temporal correlation of
activated CXCRS5" cells with antibody responses, sug-
gests a portion of such cells are related to effector Tth
cells, and thus have been termed circulating Tth (c'Tth)
cells [11]. Despite the correlation with antibody
responses, ¢'IT'th cells are phenotypically distinct from
their SLO Tth cell counterparts. Most strikingly, ¢Tfh
cells lack Bcl-6, the Tfh-defining transcription factor.
They also have less expression of the canonical Tth cell
markers CXCRS, PD-1 and ICOS [6]. ¢Tfh cells have
been phenotypically and functionally subset using che-
mokine receptors as surrogates for subset-defining tran-
scription factors and cytokines, primarily CXCR3 and
CCR6: CXCR3"CCR6" express T-bet and IFN-y and
are termed ¢Tthl cells, CXCR3'°CCR6' cells express
Gata3, IL-4, IL-5 and IL.-13 and are termed c'T'fh2 cells,
and CXCR3"°CCR6" cells express RORyt and IL-17 as
c'T'th17 cells [11,12°]. Those cells expressing CXCR3 and
CCR6 express both IFN-y and I1.-17. Within these

Figure 1
Intracellular |L-21
Pathogen IFN-y >

lgG2a/c mouse
Tfh1 Cell B Cell (IgG1 human)

i IL-21, IL-4

IL-6 Helminth H

IL-21 Allergen
IgG1 mouse IgE

Naive CD4* T Cell Tth Cell Tfh2 Cell B Cell (IgG4 human)

S

Extracellular
Pathogen

Th17 Cell

Treg Cell

Tth17 Cell B Cell

IL-21 alﬁ“
IL-177 ’
IgA

Current Opinion in Immunology

Functional heterogeneity of T cells that help B cells.

Tfh cells can adopt functional subtypes that correlate with the fate decisions of their T effector counterparts. This is best exemplified for type

1 and 2 immune responses where Tfh cells can adopt Tfh1 or Tfh2 subtypes, respectively. IFN-y expressed early during a type | immune to virus,
for example, will lead to early T-bet expression in Bcl6™ Tfh cells. This leads to IL-21 and IFN-y co-expression by Tfh1 cells and skews GC B cells
to switch to pro-inflammatory IgG2a/c isotypes for aid in clearance of intracellular pathogens. In the case of type 2 infection, Tfh cells adopt a
Tfh2 subtype characterized by sequential expression of IL-21 and IL-4 leading to GC B cells isotype switching to IgG1 or IgE for pathogen
neutralization and activation of mast cells, respectively. The situation for Tfh17 development is more complex. Current thinking suggests that
Tfh17 subsets exist, particularly in Peyer’s patches or other lymphoid tissue associated with mucosal surfaces. These Tfh17 cells are thought to
arise primarily from Th17 cells, or perhaps, Treg cells, which can then induce IgA production by GC B cells, although their production of IL-17 in
the GC is less certain. All of these subtypes of Tth cells, Tfh1, Tfh2, and Tfh17 have been implicated in various autoimmune conditions as
described in the text. Figure was made using BioRender.com.
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subtypes, activated cells are ICOSMPD1™ while 1CO-
S°PD1'" cells are considered quiescent, central memory
cells that also express the memory marker CCR7 [13].
The different subtypes exhibit varying degrees of fitness
to provide B cell help — as measured by proliferation,
differentiation and antibody secretion — 7z vitro. Direct
evidence that c'Tth cells promote Ig affinity maturation is
also lacking, although, admittedly, this would be chal-
lenging to demonstrate iz vitro. In particular, ¢’ Tth1 cells,
which are not particularly active 7z vitro, have neverthe-
less been found to correlate iz vivo with generation of
high-avidity antibodies following influenza vaccination
[12°]. The detailed function and regulation of ¢'T'th cells
in vivo remains to be established.

Tfh cells in systemic autoimmunity

Systemic autoimmunity is the result of an immune
response to host cells or tissues, leading to organ damage
and dysfunction. Many autoimmune diseases are associ-
ated with the production of specific autoantibodies,
including, but not limited to, theumatoid arthritis (RA,
antibodies to citrullinated peptides), granulomatosis with
polyangiitis (GPA, anti-neutrophil cytoplasmic antibo-
dies), myasthenia gravis (MG, anti-acetylcholine receptor
antibodies) and type 1 diabetes mellitus (T1DM, anti-B
islet cell antibodies) [14]. Systemic lupus erythematosus
(lupus, SLE) is the prototypic, systemic autoimmune
disease characterized by anti-nucleoprotein antibodies,
with those directed against chromatin, including dsDNA,
the earliest identified [15] and best characterized [16].
Data from murine lupus models indicate that anti-dsDNA
antibodies undergo somatic hypermutation and affinity
maturation, with similar findings analyzing these antibo-
dies in lupus patients [17,18°°], indicating that autoreac-
tive B cell maturation is T cell-, and thus Tfh cell,
dependent. Although multiple immune mechanisms
are dysregulated in systemic autoimmunity and likely
contribute to pathogenesis, autoantibodies can be patho-
genic, develop before symptoms of disease, and may
correlate with disease activity [14]. Further, the fre-
quency of activated c'Tth cells is increased or correlated
with disease activity in patients with lupus, as well as in
RA, juvenile dermatomyositis, MG, multiple sclerosis,
psoriasis vulgaris, and Sjogren syndrome [11,13,19-25].
While correlating therapeutic responses has been diffi-
cult, recent analysis of patients with relapsing-remitting
multiple sclerosis found that efficacy of dimethyl fuma-
rate treatment correlated with reduction in cTth
percentages [26°°]. Together, these results indicate that
understanding the mechanisms that lead to autoantibody
development are likely crucial for understanding the
pathogenesis of autoimmune diseases.

Lupus is a heterogenous disease. While autoantibodies
are universal features required for clinical diagnosis,
disease manifestations can vary from mild arthralgias
and skin rashes to life-threatening glomerulonephritis.
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Perhaps reflecting this variability, mouse models of lupus
exhibit heterogenous immunological features. For exam-
ple, murine lupus models like C57BL/6] (B6) S/el.Yaa
[27-30], BXSB-Yaa [31-33], B6.S/el.Sle2.8/e3 (triple con-
genic, or T'C, mice) [34], or sanroque [35] are characterized
by early, exuberant germinal center expansion, while
others such as MRL/MpJ-Fas”” (MRL?") [36-39] dis-
tinctly demonstrate reduced GC responses but increased
extrafollicular responses in SL.Os, with NZB/NZW F1
[39] mice having GCs and extrafollicular responses
[40,41]. For the former ‘GC-amplified’ lupus-prone mice,
the canonical model of Tfh cell function in GCs,
described above, is a useful starting point to dissect
pathogenic mechanisms. Recent studies have demon-
strated a direct link between excessive IFN-vy signaling
and Tth cell expansion and pathogenic function in san-
rogue mice [42], suggesting that lupus Tth cells may skew
toward a T'fhl cell phenotype. This would also be con-
sistent with the observed production of IFN-y in lupus
T'th cells [42-44] and the accumulation of IgG2a anti-
bodies that mediate complement fixation and glomerulo-
nephritis in lupus prone mice [2]. In murine lymphocytic
choriomenigitis virus (LCMV) infection, the transcription
factors T-bet and STAT4 are required for production of
IFN-y by Tfh1 cells [45,46,47°]. Interestingly, STAT4
has been found in GWAS studies to be associated with
both human rheumatoid arthritis and lupus [48]. The
detailed roles of T-bet and STAT4 in lupus Tth cells
have yet to be defined, but T-bet deficiency does not
rescue sanroque mice [42], while activated STAT4 was
found to be elevated in ¢'Tthl cells in patients with SLE
[49°°]. Other mechanisms may also play a role in Tfh
expansion in autoimmunity. Mice deficient in RORwt,
the lineage defining transcription factor of Th17 cells,
spontaneously develop germinal center expansion and
autoantibody production [50]. Surprisingly, autoimmu-
nity in this model is driven by IL.-17 producing Tth17
cells. Thus, animal models may yield significant insight
into the diverse cellular and molecular pathways that can
drive Tth cell mediated autoimmunity.

In lupus nephritis, the classical autoantibodies that can
deposit in the kidney and activate downstream immune
mechanisms to cause disease are [gG1 anti-dsDNA [14].
Recent work in Lyn-deficient mice demonstrated these
animals develop spontancous Th2 skewing with devel-
opment of IgE anti-dsDNA antibodies that mediate
nephritis in a basophil-dependent manner [51]. A fol-
low-up study in human lupus patients, demonstrated a
strong correlation between IgE anti-dsDNA antibodies
and active disease [52]. Whether these antibodies are
high-avidity, and thus Tth cell-dependent, has not been
addressed, but assuming so, as for conventional IgE
responses, the prediction would be that they are regulated
by Tfh2 cells. The finding that human patients can have
IgG anti-DNA (presumably IgG1 given the presence of
lupus nephritis in these patients) and IgE anti-DNA
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antibodies concurrently [52] would suggest that Tth1 and
Tth2 cells may be activated independently during an
immune response, a phenomenon that has been
described in mice infected with Leishmania [53]. Further,
IgE autoantibodies have now been described in a variety
of autoimmune diseases [54], so determining their T'th
cell dependence and the role of Tth2 cells in autoimmu-
nity become important clinical questions. These studies
demonstrate how using animal models and human sam-
ples allow novel insights into biological and disease
processes and identification of new areas for investigation.

Tfh cells as therapeutic targets

Successful therapeutic targeting of Tth cells in murine
lupus highlights the importance of these cells in autoim-
mune disease pathogenesis. CD40L signaling is critical for
T'th cell-dependent B cell maturation to memory and
plasma cell formation. Genetic disruption of CD40L or
inhibition of CD40L signaling with blocking antibodies
was the first Tfh-targeted therapy in murine lupus almost
two decades ago (although Tth cells had not been formally
identified as such at that time) [55-57]. Anti-CD40L ther-
apy even demonstrated promise in patients with SLE [58];
however, this strategy was eventually halted because of
thrombotic complications that developed presumably due
tointeraction of the antibody with CD40L expressed on the
surface of platelets [59]. The hallmark cytokine expressed
by Tth cells is IL-21. Blockade of 11.-21 [32,43,60], its
receptor [61], or genetic deletion of the receptor [33] all
have been shown to ameliorate disease in a variety of
murine lupus models. Similarly, using a monoclonal anti-
body to signal through death receptor 6 (DR6), a negative
regulator of NFAT signaling on the surface of Tth cells,
reduces Tth cell accumulation and delays disease progres-
sion in NZB/W F1 mice [62°]. One of the most exciting
recent developments in this area is the identification of
characteristics of lupus T'th cells that are not found in their
physiological counterparts. For example, virus-induced
Tth cells are relatively less glycolytic and more reliant
on oxidative phosphorylation than Thl cells [63]. Lupus
"T'th cells, by contrast, have high rates of glycolysis [64,65°°].
Inhibiting glucose metabolism in lupus prone mice
reduced lupus Tth cells and autoantibody titers in these
mice but left humoral responses to immunization or infec-
tion by influenza unchanged [66°°]. Identifying lupus T'th-
specific aberrations and exploiting these for therapeutic
purposes has the promise of delivering safe, yet specific and
potent treatments for autoimmunity.

The therapeutic benefits of targeting T'th cells in autoim-
munity likely go beyond simply reducing autoantibody
titers. Indeed, the observation that autoantibodies can
precede the onset of clinical disease by years [67], suggests
that autoantibodies are not sufficient to cause disease.
Autoantibodies are also not simply epiphenomena of over-
active immune responses, as has been suggested by some
[3]. Rather, multiple levels of immune dysfunction, in both

innate and adaptive immune systems, are likely required to
initiate clinical autoimmunity [68]. Different immune
abnormalities likely drive each other to produce a
feed-forward mechanism of amplifying inflammation and
immunopathology [69,70]. One manifestation of this is the
observation that in addition to the GC expansion charac-
teristic of many lupus-prone mouse strains, these animals
exhibit expansion of multiple immune cells including B, T,
and myeloid cells [29,32,71]. When IL.-21 signaling is
disrupted in these mice, T'th and GC responses are clearly
reduced, but other immune cell populations, not directly
affected by IL.-21 blockade, are also reduced [33,43]. These
results suggest that blocking Tth cell function has a ripple
effect that extends to other dysfunctional parts of the
immune system, confirming the interdependence of immu-
nopathology in these animal models. Thus, the benefits of
T'th-targeted therapies may extend beyond autoantibody
production to settings where autoantibodies have not yet
been demonstrated to be pathogenic.

Extrafollicular B helper T cells

While the discussion this far has focused on the canonical
model of Tth cell regulation of GC-derived high-affinity
autoantibodies, several emerging lines of evidence suggest
that extrafollicular responses may also be important in
humoral autoimmunity and, in some cases, may dominate
the pathogenic response (Figure 2). Early models posited
that extrafollicular responses occurred early after immuni-
zation or acute viral infection to supply low to moderate
affinity antibodies that could temper the burgeoning infec-
tion until the production of Tth-dependent, high-affinity,
GC-derived antibodies [1]. The idea that sustained, high-
affinity antibodies could be produced by extrafollicular foci
was thought to happen exclusively in the setting of auto-
reactivity as first identified in the lupus prone MRL'™ mouse
strain [40], and expanded upon in transgenic lupus-prone
mice [40,72]. These autoreactive extrafollicular responses
were found to be controlled by extrafollicular helper T cells
(Tefh) expressing markers such as ICOS, CD40L, as well as
IL-21, and identified as P-selection glycoprotein ligand'
(PSGL1%, later found to be a selective marker for murine
and human follicular and GC Tth cells [73,74°]) but with
CXCR4 expression rather than CXCRS to drive extrafolli-
cular rather than follicular localization [40]. Subsequently,
the extrafollicular response was observed in mouse models
of immunization and infection and reported to depend on
PD-1°CD4* T cells expressing Bel6 (as opposed to T'th cells
which are PD-1M) [75]. Qualitatively, extrafollicular foci
tend to be loosely organized groups of cells rather than
the precise anatomical structures seen in germinal centers.
Functional differences between Tth cells and Teth cells
have not been carefully studied, nor is it known whether
"T'th-driven antibodies differ qualitatively or quantitatively
from T'efh-driven antibodies. It is now appreciated that for
some pathogens such as E/krlichia muris, Borrelia burgdorferi
and Salmonella enterica the extrafollicular response is the
dominant pathway of high-affinity antibody response as
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Figure 2
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Spatial heterogeneity of T cells that help B cells.

(a) The classical model of Tfh function is shown. In this model, T:B cell collaboration occurs mainly in germinal centers (GCs), highly anatomically
organized structures within B follicles of lymphoid tissue. Both Tfh cells and GC B cells contribute to GC organization. GCs can be further
subdivided into light zones and dark zones. GC B cells cycle between the dark and light zones, proliferating in the former and receiving selective
and instructive cues from Tfh cells in the latter where they undergo selection. Upon maturation, GC B cells exit the GCs as long-lived
plasmablasts or memory B cells. (b) An alternate mode of T:B cell collaboration can occur in extrafollicular spaces. Here, Tefh provide soluble and
cell-contact-dependent cues for B cell maturation with affinity maturation and isotype switch. This mode of B cell help has been demonstrated
both during physiologic immune responses to pathogens as well as in settings of autoimmunity. Further, extrafollicular responses need not be
confined to lymphoid tissue (as shown), but may also occur within local tissues, such as the kidneys, lungs or brain as discussed in the text.

Figure was made using BioRender.com.

these pathogens actively interfere with GC responses
[76,77,78°°]. Teth cells were recently reported in human
tonsillar tissue [74°]. These cells were found to express
PD-1, CXCRS5, CD40L, Bcl-6 and IL.-21 and were con-
firmed to localize in an extrafollicular niche via microscopy.
Thus, it appears that Tefh responses can occur in humans
and can be a component of physiologic immune responses.

Given the growing recognition of physiologic Tefth cell-
driven extrafollicular antibody responses, recent studies
have focused on identifying evidence of extrafollicular
antibody responses in mouse models of autoimmunity as
well as human patients with autoimmune disease. Con-
sidering different lupus-prone mouse strains have dispa-
rate proportions of follicular versus extrafollicular
responses, it is unknown whether lupus patients exhibit
heterogeneity in terms of follicular versus extrafollicular
aberrant autoantibody responses and whether this has any
bearing on the observed clinical heterogeneity between
lupus patients. A recent study in MRL'P mice found Tfh-
like cells expressing ICOS, PD-1, CXCRS5, Bcl-6, 11.-21,
and IFN-vy in the choroid plexus suggesting a role for
these cells in establishing the neuropsychiatric manifes-
tations of human lupus that are replicated in this mouse
model [79]. Another recent study using an airway inflam-
mation model reported GC B cell-like cells in inflamed

lung tissues along with CD4" T cells expressing PD-1,
1ICOS, CD40L, and IL-21 but not Bcl-6 [80]. These cells
were able to stimulate B cell proliferation 7z vitro suggest-
ing functional ability to help B cells. CD4" T  cells bearing
classic T'th cell markers including Bcl-6, ICOS, PD-1, and
IL-21 reside in close proximity with and in contact with
renal-infiltrating B-cells, as assessed by computational
microscopy on human lupus renal biopsy samples, raising
the possibility that local antibody production may con-
tribute to renal disease in human lupus [81]. Another
population of Tefh cells was reported in patients with
rheumatoid arthritis [82°°], with mass cytometry used to
analyze activated T cells from inflamed joint tissue. A
subpopulation of cells expressing PD-1, ICOS, and I1.-21,
but not the Tfh cell transcription factor Bcl-6, termed
peripheral helper (T'ph) cells, could provide B-cell help i
vitro. Chronic graft versus host disease (cGVHD) is
another autoimmune disease often used to model auto-
antibody mediated disease. Mouse models of cGVHD
reveal a role for PSGL-1"°CD4* T cells that express ICOS
and Bcl-6 in the pathogenesis of this disease, similar to
the phenotype of Tefh cells seen in lupus mice [83°]. In a
recent study in human patients with cGVHD, circulating
Tefh-like (c-Tefh-like) cells were isolated from blood
samples based on phenotypic markers of murine Tefh
cells [84°°]. The frequency and numbers of c-Tefh-like
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cells correlated with disease activity and these cells
exhibited the ability to provide B cell help i
vitro. Recent work in SLE patients identified circulating
IL-10 producing CXCR3*PD1"CD4* T cells (Th10
cells), which lack the canonical Tfth cell markers CXCRS5,
Bcl-6 and I1.-21, but nevertheless are able to promote B
cell maturation via succinate delivery [85°°]. These cells
were also found in the lupus nephritic kidney, in prox-
imity to B cells, suggesting they may provide extrafolli-
cular B cell help. Taken together, these studies confirm
the existence of Tefth cells in various settings of autoim-
munity. But questions remain. Will any T cell outside the
follicle/GC that has the capacity to help B cells be
considered a Tefh cell? What are the rules governing
extrafollicular tissue-specific B helper cells in terms of B
cell selection, if any? Are Tefh cells drivers of B memory
cell reactivation, given the extrafollicular location of the
latter cells? The 7z vivo functional significance and the
role of targeting these different populations of Tefh cells
remains to be established.

Conclusions

While Tth cell biology is based on the simple premise of a
T helper cell that can provide supportive and instructive
cues to developing B cells, the actual scope of Tth cell
function in physiologic and pathologic immune responses
is quite complex. It is clear that Tth cells do not represent
a homogenous developmental program. Rather, the host
immune response shapes developing Tth cells to acquire
phenotypic and functional properties that will allow them
to orchestrate a humoral immune response that is best-
suited to the inciting pathogen or immunologic insult.
Bcl-6 is the lineage defining transcriptional regulator
associated with the classical Tfth program, but the lack
of Bcl-6 expression in certain ¢ T'th or Tefh populations
suggests either plasticity of Bcl-6 expression or that the
ability to provide B cell help can be achieved through
different developmental pathways. Currently, our knowl-
edge of specific signaling pathways and developmental
requirements of Bcl6-expressing T'th cells is quite robust
and has enabled selective therapeutic targeting of these
cells in animal models of autoimmunity and human
patients. As we continue to parse B helper T cell devel-
opment and function, we hope to identify those
population(s) of Tfh cells that are truly pathogenic
whether they be in GCs, extrafollicular sites, and/or in
the circulation and then target those cells to prevent the
aberrant T-B collaboration that enables autoimmunity.
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