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REVIEWING BASIC SCIENCES

Human follicular helper T lymphocytes

critical players in antibody responses

Linfocitos T auxiliares foliculares humanos: células essenciais
para a resposta de anticorpos
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ABSTRACT

Follicular helper T lymphocytes are a subpopulation of CD4* T lymphocytes initially identified
in germinal centers of follicles found in secondary lymphoid organs. The primary function of
follicular helper T lymphocytes is to help B lymphocytes’ antibody production. Changing of
antibody class and affinity, B cell differentiation and memory generation depend on cooperation
between follicular helper T lymphocytes and B cells. In blood, follicular helper T lymphocytes
are called circulating follicular helper T lymphocytes. They are considered to have specificities
similar to those developed in the secondary lymphoid organs. The phenotype of human
follicular helper T lymphocytes is given by simultaneous expression of the markers CXCR5,
Bcl-6, CD40L, PD-1, and ICOS. In germinal centers, follicular helper T lymphocytes synthesize
interleukin 21 as predominant cytokine. In blood, subpopulations of circulating follicular helper
T lymphocytes can be recognized, with different expressions of the classical follicular helper T
lymphocytes markers and, in addition, can express other markers such as CXCR3 and CCR6.
Presently, there is great interest in follicular helper T lymphocytes and circulating follicular
helper T lymphocytes in vaccination studies as indicators of immunization efficacy. In addition,
follicular helper T lymphocytes are investigated as possible markers of activity in many diseases and
potential therapeutic intervention. This short review describes aspects of immunobiology and
quantification of follicular helper T lymphocytes and circulating follicular helper T lymphocytes,
and presents a few examples of related findings in systemic lupus erythematosus, rheumatoid
arthritis, HIV infection and vaccination.
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RESUMO

Linfécitos T auxiliares foliculares sdo uma subpopulagédo de linfécitos T CD4* identificada
inicialmente nos centros germinativos dos foliculos dos 6rgdos linfoides secundarios. Sua
funcédo primordial é auxiliar os linfocitos B na produgéo de anticorpos. A mudanca de classe e
de afinidade dos anticorpos, a diferenciagéo das células B e a geracdo de meméria dependem da
cooperacéo entre os linfécitos T auxiliares foliculares e as células B. No sangue, recebem o nome
de linfécitos T auxiliares circulantes. Considera-se que possuem especificidades semelhantes as
desenvolvidas nos 6rgaos linfoides secundarios. O fenétipo dos linfocitos T auxiliares humanos é
dado pela expressao conjunta dos marcadores CXCR5, Bcl-6, CD40L, PD-1 e ICOS. Nos foliculos,
linfécitos T auxiliares sintetizam a interleucina 21 como citocina predominante. No sangue, séo
descritas varias subpopulagdes de linfécitos T auxiliares circulantes com expressdes variadas dos
marcadores cléssicos de linfécitos T auxiliares, além de poderem agregar outros, como CXCR3
e CCR6. Existe um enorme interesse no estudo de linfocitos T auxiliares e linfécitos T auxiliares
circulantes, para a avaliagao de eficacia de vacinacdo. S&o também investigados como possiveis
marcadores de atividade em muitas doencas e potenciais intervengdes terapéuticas. Esta breve
revisdo descreve aspectos da imunobiologia e da quantificagéo de linfécitos T auxiliares humanos e
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linfacitos T auxiliares circulantes, além de apresentar alguns achados
relacionados em llipus eritematoso sistémico, artrite reumatoide,
infeccao por HIV e vacinacéo.

Descritores: Células T CD4 foliculares; Centro germinativo; Linfécitos B;
Linfécitos T; Anticorpos

INTRODUCTION

Miller et al., showed that a population of cells called T
helper (Th) cells collaborate with B cells for activation
and antibody production. During the following three
decades, multiple activities of Th cells related to both B
and T cell responses have been discovered. The ability
to synthesize diverse cytokines led to the description of
several CD4* Th subpopulations, such as Th1, Th2, and
Th17, and each characterized by the synthesis of defined
cytokine patterns also known as “signature cytokines”.
These populations were found in lymphoid organs, in
inflammatory sites, and in the peripheral blood.®
In the year 2000, two independent research groups,
one from Breitfeld et al.,® and the other from Schaerli
et al.,” identified, in the follicular areas of lymphoid
organs, a new subpopulation of CD4* Th cells with a
greater ability to activate B lymphocytes for specific
antibody production. This lymphocyte subpopulation
has been named follicular helper T lymphocytes (Tth).
These Tfh cells characteristically have on their
surface the chemokine receptor CXCRS, the
inducible T-cell costimulatory (ICOS) molecule,® the
costimulatory CD40L molecule,® and the checkpoint
regulatory protein PD-1. In addition, Tth cells have
the transcription factor Bcl-6( as internal marker.
The chemokine receptor CXCR3 is also expressed in a
population of CXCR5*PD-1* follicular Tth cells.®
None of the markers mentioned above is exclusive of
Tth cells, since they can be also found in other lymphocyte
populations. The phenotype of Tth cells is defined by
the co-expression of those markers. Moreover, Tth cells
do not stain for, or produce cytokines typical of Thl,
Th2 or Th17 cells, but they synthesize interleukins (IL)
4 and 21, which is also a growth factor for Tth cells.”
The stimulatory activity of Tfh cells on B cells
relies on establishing additional mutual receptor-ligand
interactions (CD40L-CD40 and PD1-PD-1L), and on
releasing soluble activating molecules, such as IL-21,
IL-4 and BAFF (B cell activating factor). These
activities occur in the microenvironment of the follicular
areas within the secondary lymphoid organs, resulting
in B cell proliferation and stimulation of antibody
class switching.!” The Bcl-6 transcription factor is
considered as the determinant marker of Tth cells, and
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it is essential for the formation of germinal centers (GC)
in the follicles and for affinity maturation of antibodies.
In Tth cells, Bcl-6 inhibits their differentiation to Thl,
Th2, and Th17.® Bcl-6 has diverse mechanisms of
action on various cell types and suppresses genes that
act on differentiation, cell cycle control, apoptosis,
and inflammation.®*'? In GC, Bcl-6 supports the rapid
proliferation of B cells responding to T cell-dependent
antigens, and is necessary for the establishment of
memory in both T and B cells.

In the human species, IL-21 stimulates the
proliferation of B cells and their differentiation
into plasma cells. Class switching to IgG and IgA of
CD-40L-interacting B cells is also promoted by IL-21.0%

Characteristically, TCD4*, CXCRS5*, PD-1* and
Bcl-6* Tfh cells are found in the follicles of secondary
lymphoid organs (CG Tth). However, TCD4+* CXCRS5*
lymphocytes are also present in the peripheral blood,
and they are considered to derive from Tth lymphocyte
populations originated in secondary lymphoid organs.¥

There are phenotypic differences between Tth cells
found in the circulation and GC Tth cells. In general,
blood Tth cells are CXCRS5*, and also express Bcl-6,
albeit at lower levels, and have some of the functional
characteristics of GC Tth.(¥

Blood Tth cells also have reduced expression of
ICOS and PD-1, two other markers of Tfh cells.('®
Furthermore, Tth cells staining either positive or negative
for CXCR3* can be found in blood discriminating
subpopulations of Tth cells.®

There are important functional differences between
blood Tth cells and GC Tth cells. Whilst GC Tth cells
exhibit a high capacity to assist B lymphocytes, this
function in blood Tfh lymphocytes is complex and still
not completely understood.!® More recently, most
authors agree that blood Tfh populations possess
helper and memory capabilities.(718)

In addition, blood Tth cells synthesize cytokines
and their cytokine profiles have been correlated with
distinct phenotypes. Blood Ttfh cells of phenotype
(CXCR3*CCR67) produce interferon gamma (IFN-y)
and have a Th1-like profile; blood Tth cells of phenotype
(CXCR3~CCR67) can produce IL-4 exhibiting a Th2-
like profile, and a Thl17-like profile is associated to
CXCR3"CCR6" blood Tfh cells."®!) The fact that
a subpopulation of blood Tth carries the markers of
activation Ki67* PD1* demonstrates its cells have been
recently activated by secondary antigen exposure.

The recognition that Tfh cells are also present in
blood was followed by the consideration that blood
Tth cells may reflect the activity of GC throughout the
body. The difficulties in investigating this premise in
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humans are clear. For this reason, researchers in this
area most often opt to study palatine tonsils removed
during surgery in comparison to the same donor’s blood
samples.® The identification, quantification, and
functions of blood Tth cells, in comparison to GC Tth
cells, are of interest to basic immunology and also to
clinical studies.

Studies on the biology of blood CXCR5*CD4*
T cells in humans are relatively recent. Most agree
that CXCRS5*CD4*T cells in human blood are
circulating memory cells. Studies on memory cells, as
well as studies focused on memory Tth cells, revealed
phenotypically and functionally distinct cell subsets.!)
The combination of markers used to define blood Tfh
cells differ among older and more recent studies and,
consequently, many phenotypes have been proposed
for human blood Tfh cells. To date, still there is
no absolute consensus on cell surface markers for
subpopulations human blood Tth cells.®1422

A clear phenotypic definition of blood Tth cell
subsets is important not only to understand better
their functionality in relation to GC Tth cells, but also
to identify potential biomarkers to track antibody
responses. This is important, for instance, after
vaccination or infections or, still, to evaluate unregulated
antibody responses in autoimmune diseases.

The matter of correlating helper and memory
functionalities of blood Tth cells with ongoing immune
responses in diseases or vaccination is further
complicated by the existence of another population of
T CD4* follicular cells that have regulatory properties.
These cells carry the intracellular marker Foxp3 and
have a dampening function on immune responses. They
are called t follicular regulatory (Treg) cells and are
also present in the blood.* They will not be further
addressed in this short review, but one must keep in
mind their potential to determine the outcome of
immune responses helped by Tth cells.

Most Tth cells seen in blood are resting memory
cells that recirculate between the different lymphoid
organs, lymph, and blood. Most authors use the term
circulating Tth (cTfh) cells, while others prefer the
term blood Tth cells to designate the Tth cells present in
blood. We will use cTth cells from now on in this review.

The relative frequencies of cTth cells positive for
different Tfh markers are much lower and diverse in
comparison to those of Tth cells existing in a secondary
lymphoid organ. In addition, the frequencies vary
according to the markers chosen by the investigator
to compound the phenotype. This often makes the
interpretation of published results difficult. This

is exemplified by our own results® (Table 1) that
compare, in healthy individuals, the frequencies of cells
positive for classical Tth cell markers in palatine tonsils
versus venous blood. The mean frequency of TCD4*
cells in blood that express CXCRS was 5.4% (standard
deviation 3.6), and one must bear in mind that Tth cells
are relatively scarce in comparison to classic Th CD4*
helper cells.

Table 1. Frequencies of follicular helper T lymphocytes exhibiting classic
and additional markers in palatine tonsils and in peripheral venous blood of
healthy donors

T CD4+ CXCR5* cells positive for additional Tth markers*

Bcl-6" IL-21R cb4oL PD-1 1C0S
Palatine tonsils 424(288) 65(8.1) 5.0(3.5) 7.8(45)  84.9(29.1)
Venous blood 16.6(19.1) 479(29.6) 16.1(125) 65(6.3)  70.1(38.9)
p value* <0.05 <0.05 <0.05 NS NS

CXCRb was 5.4+3.6%.

* Mean % and (standard deviation) of paired samples from 12 otherwise healthy donors aged 24 to 50 years (seven men
and five women) who underwent tonsillectomy for respiratory problems and/or swallowing difficulty; " high and medium
fluorescence intensity; * paired t- test.

Tth: follicular helper T lymphocytes; IL: interleukin; ICOS: inducible T-cell costimulatory molecule; NS: not significant.

Despite the difficulties related to defining cTth
cell phenotypes in blood and the marked variations
observed in cTfh cell numbers among individuals,
the number of articles reporting alterations of cTth
cells in diseases increased exponentially in the past
10 years. Because cTth cells provide help for antibody
synthesis, these cells are the focus of great number of
studies on autoimmune and other diseases in which
antibodies are implicated in the pathogenesis. There
are excellent comprehensive recent reviews on Tfh
cells and diseases.®14252)

The available information suggests that Tth cells
can contribute to autoimmune diseases by facilitating
the generation of autoantibodies. Among autoimmune
diseases with elevated autoantibody levels, systemic
lupus erythematosus (SLE) and rheumatoid arthritis
(RA) have been the most investigated. There is
intense investigation about disease activity markers,
and inhibition of Tfh cellular activity is a potential
target of therapy.

In SLE, the deposition of antigen-antibody
complexes is important in pathogenesis, and the
increased numbers of activated cTth cells in blood
correlate with elevated levels of autoantibodies.
However, it is not clear whether there is a direct
correlation with disease activity. Nevertheless, inhibition
of Tfh cells is a potential therapeutic target.?”

Activated cTth cells are found in greater numbers
in the active phases of RA, and they are deemed to
participate in its pathogenesis. The development of
ectopic lymphoid tissue is seen in RA and less frequently
in SLE. The follicles in these tissues contain large
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numbers of Tth cells, and it is thought that Tth facilitate
the formation and maintenance of ectopic follicles.?%30
However, in RA and in other situations the outcome
depends on the balance of Tfh and Treg cells.®!

The pathophysiology of Tth cells has been studied
in many autoimmune diseases. Excellent information
and discussion of specific aspects can be found in recent
reVieWS.(6’14’26-29’32)

Another disease group in which Tth cells became a
focus of investigation is infections. Among these, we will
mention briefly here HIV-AIDS, because of the great
number of studies on Tfhcellsin HIV infection.®2)
Follicular helper T lymphocytes can be infected by HIV-1
and are reservoirs for the virus. It is thought that a
subpopulation of CCR5* Tth precursors are susceptible
to the virus. However, whereas classic T CD4* cells are
killed by the virus, the number of Tth cells in lymph nodes
paradoxically increases during infection.®

Vaccination is another area in which Tth cells are
much studied. Ideally, a potent Tth cell response, reflected
in cTth cells, should correlate with antibody titers and
protective antibody responses. Nonetheless, a more than
an optimal expansion of Tth cells may interfere with B cell
affinity maturation and the generation of high-affinity
antibody producing cells.®

A basic question, important to vaccination studies
and all studies on cTth cells, is whether the repertoire
of T cell receptor (TCR) specificities existing in cTfh
cells does indeed reflect the TCR specificities present
in secondary lymphoid organs. A recent study on
influenza-specific TCR expression shows that this is
true, indicating that cTth cells present in human blood
can be used to gain insight into the specificity of Tth
cell responses in lymphoid tissues.®

Finally, investigation on Tth cells should advance
basic knowledge of pathways regulating B cell expansion
and memory functions. There is much interest in
cTth cells as markers of effective memory induction
in vaccination studies. In addition, it may be become
possible to inhibit harmful Tfh cell activation in some
diseases, such as autoimmune diseases, IgE-mediated
allergic diseases and cancer.
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