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Functional RNAs control T follicular helper cells

Shingo Ichimiya1, Ryuta Kamekura1,2, Koji Kawata1, Motonari Kamei1 and Tetsuo Himi2

T follicular helper cells (Tfh cells), which are a prototypic subset of effector CD4+ T cells, regulate the production of high-affinity

antibodies by controlling B cells at initial and recall phases. Since the discovery of Tfh cells in human tonsils, many notable

studies focusing on Tfh cells have clarified mechanisms underlying Tfh-cell-related physiological and pathological settings.

Results of these studies revealed a chief regulatory function of BCL6 in Tfh cells and the involvement of Tfh cells in the

pathogenesis of various disorders including autoimmune diseases, allergies and cancers. Further, accumulating evidence has

revealed microRNAs (miRNAs) of functional noncoding RNAs (ncRNAs) to be cardinal regulators of Tfh cells during the

processes of development, differentiation and plasticity. In this review article, we summarize and discuss the results of recent

studies about miRNAs operating Tfh-cell function and their relationships in diseases. Through the window of such functional

ncRNAs, the functional significance of Tfh cells in CD4+ T-cell biology is becoming apparent. Studies to determine the complex

background of the genetic program of Tfh cells operated by functional RNAs should lead to an understanding of the

manifestations of Tfh cells with unidentified pathophysiological relevance.
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INTRODUCTION

T lymphocytes take a distinctive arm in the immune system through
molecule-specific recognition mediated by highly divergent T-cell
receptors. Multifunctional helper CD4+ T cells have a critical role in
orchestrating protective immunoregulation, and their functional
deficits cause various types of pathologic perturbations.1 Since the
discovery of type 1 and type 2 helper T cells (Th1 and Th2 cells,
respectively) in the 1980s, a physical condition characterized by a
Th1/Th2 balance has been widely accepted as the underlying immune
setting of various disorders.2 Subsequent studies have identified other
types of effector CD4+ T cells including regulatory T cells (Treg cells),
T follicular helper cells (Tfh cells) and IL-17-producing helper T cells
(Th17 cells).3–5 It then became recognized that functional alteration
and/or polarization of such effector CD4+ T cells causes a variety of
diseases including autoimmune diseases and allergies. Effector CD4+

T cells are primarily differentiated from naïve CD4+ T cells after
encounter with antigen-presenting cells such as dendritic cells and
macrophages. In addition to the activation signals generated by
engagement of the T-cell receptors and major histocompatibility
complex (MHC) class II molecules, costimulatory molecules and
cytokines derived from antigen-presenting cells and surrounding cells
in the inflammatory milieu profoundly influence the exclusive
processes of CD4+ T-cell differentiation into distinct subsets. Besides
regulatory mechanisms of the differentiation pathway, mechanisms of
the maintenance as well as plasticity of distinct effector CD4+ T cells
have been studied to know physiological and pathological
conditions.1,6,7

The landscape of effector CD4+ T-cell regulation has not been fully
clarified. However, it is noteworthy that studies on CD4+ T-cell
biology identified a bimodal fate decision in a range of effector CD4+

T-cell subsets, thereby shedding light on the functional significance of
Tfh cells.8 This is supported by evidence that Tfh cells preferentially
express B-cell lymphoma 6 (BCL6) of a transcription repressor and
that other effector CD4+ T-cell subsets (non-Tfh cells) including Th1,
Th2, Treg and Th17 cells are regulated by B lymphocyte-induced
maturation protein 1 (BLIMP1), which has a characteristic property
to antagonize BCL6.9,10 In this context, Tfh cells, which confer
T-cell-dependent humoral immunity at both initial and recall phases,
are postulated to be an independent subset among effector CD4+

T cells. With respect to host clearance of many unfavorable pathogens,
antigen-specific humoral immunity constitutes a backbone of defense,
depending on Tfh cells. The results of a recent study have shown that
pathognomonic antigen-specific Th2 cells residing in affected areas
such as the lung originate from Tfh cells, that have already been
activated in regional lymphoid tissues.11 Such a transitional property
indicates functional importance of Tfh cells, probably relating to their
plasticity. Although it is still controversial whether the Tfh cell is a
separate cell or a cell in a stage of effector CD4+ T-cell differentiation,
the concept of Th-cell lineages has recently been challenged by data
suggesting plasticity between different effector cell populations based
on Tfh cells. In addition to the fact that no long-lived plasma cells and
memory B cells specific to antigens are generated without Tfh cells,
this is another reason why Tfh cells have been focused on in terms of
health and disease.
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TFH CELLS AND THEIR SUBSETS

Tfh cells were first reported as activated T cells (CD4+CD45RO+)
expressing C-X-C motif chemokine receptor 5 (CXCR5) that are
preferentially localized in germinal centers of lymphoid follicles.12–14

Because CXCR5 is commonly shared by B cells, this feature of Tfh
cells and B cells ensures their cognate interaction in lymphoid tissues,
and thereby their close contact around the boundary between T zones
and B-cell follicles (T-B border) is instructed.15,16 C-X-C motif
chemokine ligand 13 (CXCL13) of a CXCR5 ligand, which is
highly produced by follicular dendritic cells and also Tfh cells,
efficiently facilitates this process and can indeed be utilized as a
biomarker for monitoring germinal center reactions.17,18 To facilitate
interaction of Tfh cells and B cells, sphingosine-1-phosphate receptor-
2 (S1PR2) on Tfh cells further allows their migration to B-cell
follicles.19 Owing to an awesome capacity of Tfh cells to secrete
interleukin 21 (IL-21), Tfh cells shape germinal centers. In germinal
centers, B cells promote isotype switching and somatic hypermutation
of immunoglobulins and further clue memory B cells as well as
long-lived plasma cells. Tfh cells also present CD40 ligand

(CD40L, CD156), B- and T-lymphocyte attenuator (BTLA, CD272),
inducible costimulator (ICOS, CD278), and programmed cell death-1
(PD-1, CD279) on the cell surface, and they are directly linked to Tfh
cell biology.19,20 According to these molecules, Tfh cells can migrate to
B-cell follicles and provide signals for initiation and maintenance of
germinal center B cells to efficiently produce antigen-specific
antibodies in lymphoid tissues. In addition to a chief regulator of
BCL6, other transcription factors such as interferon regulatory factor 4
(IRF4), v-Maf avian musculoaponeurotic fibrosarcoma oncogene
homolog (MAF), basic leucine zipper transcription factor (BATF),
and signal transducer and activator of transcription 3 and 5 (STAT3/5)
are also involved after the activation events leading to Tfh cell
development.19 In addition, we recently found B-cell Oct-binding
protein 1 (BOB1, OBF1) as an intrinsic regulator of Tfh cell numbers
in vivo, as suggested by experiments using human and mouse
lymphocytes.21 In this way, regulatory molecules operating Tfh cells
have been discovered, and their functional roles as well as
intermolecular relationships have been investigated in terms of Tfh
cell biology and pathology.

Figure 1 Percentages of Tfh cells and Tfh cell subsets in blood from healthy volunteers of different ages. (a) Total Tfh cells (CD4+CXCR5+), (b) Tfh cell
subsets including Tfh1 cells (CCR6−CXCR3+), Tfh2 cells (CCR6−CXCR3−), Tfh17 cells (CCR6+CXCR3−) and CCR6+ Tfh1 cells (CCR6+CXCR3+). Blood
specimens were obtained from healthy volunteers (n=175). None of them had abnormal physical or chest X-ray findings, and results of allergy testing
(serum-specific IgEs to aeroallergens, animal dander and foods) were negative. Preparation, staining and flow cytometry analysis of cells were performed
as described previously.24 All blood samples were obtained after receiving informed consent and with the approval of the institutional review boards of
Sapporo Medical University in Japan. Graphs are depicted with means± s.d. in each age group, which consisted of 40 (ageo10 years old), 8 (11–20), 26
(21–30), 35 (31–40), 15 (41–50), 24 (51–60), 17 (61–70) and 10 (71o) persons. Statistical analysis was performed for each age group (one-way analysis
of variance; *Po0.05, **Po0.01, ***Po0.001).
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Of note, within peripheral blood, there are CD4+CXCR5+ T cells
termed blood memory Tfh or circulating Tfh-like cells (2–3% and
0.8–1.5% of peripheral blood mononuclear cells in humans and mice,
respectively), some of which indeed possess ICOS and/or PD-1 in
humans.22 In an analogy of conventional CD4+ T-cell subsets, blood
memory Tfh cells in humans have phenotypes similar to those of
CD4+ T-cell subsets based on the expression profiles of C-C motif
chemokine receptor type 6 (CCR6) and C-X-C motif chemokine
receptor 3 (CXCR3). These are type 1 Tfh cells (Tfh1 cells,
CCR6−CXCR3+), type 2 Tfh cells (Tfh2 cells, CCR6−CXCR3−) and
IL-17-producing Tfh cells (Tfh17 cells, CCR6+CXCR3−), which have
the capacity to secrete IFN-γ, IL-4 and IL-17, respectively.23 Tfh1,
Tfh2 and Tfh17 cells that commonly express CXCR5 reside in
peripheral blood, though most of them are not detectable in lymphoid
tissues such as tonsils. To know their functional relevance in life, we
examined such blood Tfh cells (CD4+CXCR5+) and their subsets
(Tfh1, Tfh2 and Tfh17 cells) in healthy volunteers (n= 175) as shown
in Figure 1. As assessed by analysis of variance (ANOVA) in each age
group, the data showed that the percentage of total Tfh cells during
childhood (o10 years old, average of 12.8% in total CD3+CD4+ cells)
was increased in the next age group (11–20 years old, average of
17.3%) and that the levels were thereafter maintained until over 71
years of age (Figure 1a). More interestingly, the percentage of Tfh2
cells gradually decreased from childhood (o10 years old, average of
47.2% in total CD4+CXCR5+ cells) to adulthood (31–40 years old,
average of 34.8%) and then Tfh2 cell levels were preserved through life
(Figure 1b). In contrast, the percentage of Tfh17 cells seemed to
reciprocally increase in the corresponding age groups, from childhood
(average of 20.6%) to adulthood (average of 34.3%). In each age group
from childhood to elderly, however, the percentage of Tfh1 cells was
steadily maintained within a certain range (average of 19.2–24.3% for
all age groups). Such a tendency was also observed in CCR6+

Tfh1 cells (CCR6+CXCR3+) as an additional subset of Tfh cells; the
percentage was maintained within a range (average of 7.9–11.1%) for
all age groups. These results suggest that the natural history of blood
Tfh cells and their subsets does not uniformly proceed with age.
Characteristically, dominant skewing of Tfh2 cells would mitigate in
the term from childhood to early adulthood, when an increase
of Tfh17 cells occurs (‘Tfh2/Tfh17 reciprocity’). Since both Tfh2
cells and Tfh17 cells work more efficiently than Tfh1 cells as B-cell
helpers, the manner of dependency on efficient B-cell helpers seems to
be dynamically changed during this period. The immunological
significance and biological background of this phenomenon remain
unknown, though these subsets may support healthy settings at
different ages. There is accumulating evidence indicating functional
polarization of such blood Tfh cell subsets, which is associated with
the pathogenesis of various immune diseases including autoimmune
diseases and allergies.23–27 We recently found that the percentage of
CCR6+ Tfh1 cells was significantly increased in peripheral blood
from patients with Sjögren's syndrome (unpublished observation).
However, little is known about the genetic program in the control of
blood Tfh cell subsets.
Studies on Tfh cells provided a starting point for the salient

discovery of CD4+CXCR5+FoxP3+ T cells, which have been shown
to be T follicular regulatory cells (Tfr cells) in lymphoid tissues and
blood.28–30 Tfr cells control Tfh cell activities during the formation of
germinal centers in a cytotoxic T-lymphocyte-associated protein 4
(CTLA-4)-dependent manner, indicating that Tfh cells and Tfr cells
collaborate in tuning to establish specific humoral immune responses
and control self-tolerance simultaneously.31,32 Such Tfr cells express
both BCL6 and BLIMP1, and Tfr cells are thus postulated to be

near-of-kin Tfh cells in addition to natural killer T (NKT)-Tfh cells
that have been recently reported.33,34 The fundamental question of
whether these cells originate from archetypal Tfh cells has not been
fully addressed; however, Tfh cells by themselves may have a capacity
to take part in a plastic program for other effector CD4+ T cells and
eventually allow self-transformation by covering a part of the
functional spectrum of CD4+ T-cell subsets.35 Thus, elucidation of
the genetic instructions of Tfh cells should provide fundamentals for
overviewing CD4+ T-cell biology as a whole.

CONTROL OF TFH CELLS MEDIATED BY miRNAs

Recent studies on functional noncoding RNAs have shown their
unequivocal involvement in the operation programs of immune cells.
The importance of endogenous microRNAs (miRNAs), which are
noncoding single-stranded RNAs (~22 nucleotides in length), as a layer
of regulatory elements for controlling genetic programs in T cells is
becoming apparent.36 Generally, miRNAs have a role in the regulation
of many aspects of development, differentiation, survival and prolif-
eration. More than 2500 miRNAs in humans have been identified, and
each miRNA can influence a transcriptome and robustly change
genetic programs. Regarding CD4+ T cells, it has been demonstrated
that deficiencies of enzymes such as double-stranded RNA-specific
endoribonuclease (Dorsha), Dicer (DCR-1) and DiGeorge syndrome
critical region gene 8 (DGCR8), which process nascent transcripts to
yield mature miRNAs, cause significant instability of CD4+ T cells.37,38

Namely, such enzyme deficits directly give rise to functional loss of Tfh
cells, accelerated differentiation into Th1 cells and unstable expression
of FoxP3 in Treg cells, clearly indicating active involvement of miRNAs
in the maintenance of Tfh cells and other effector CD4+ T-cell subsets.
Indeed Tfh cells exhibit unique signatures of miRNA and messenger
RNA (mRNA) expression with a specific effort of the transcriptional
repressor BCL6.39,40 Therefore, functional miRNAs have been focused
on and their role in the regulation of Tfh cells has been extensively
studied. It is now evident that there is a complex network of
transcription factors, epigenetic changes and post-transcriptional
modulations to fulfill characteristic programs of gene expression in
Tfh cells of CD4+ T cells.41 Hereafter, we summarize recent findings
about miRNAs that regulate the differentiation and function of Tfh
cells. Certain miRNAs are involved in Tfh cell biology at the point of
plasticity, development and maintenance by tight control of cell
numbers for keeping peripheral tolerance.

miR-10a
It has become clear that an miRNA(s) interacting with a gene
transcript encoding BCL6 of a lineage-defining regulator of Tfh cells
plays a key role in the molding of CD4+ T-cell species. During the
initial process of naïve CD4+ T-cell differentiation prone to Tfh cells,
achaete-scute homologue 2 (ASCL2 in humans, Mash2 in mice) of an
E-box protein starts to upregulate CXCR5 and downregulate C-C
chemokine receptor type 7 (CCR7) and P-selectin glycoprotein ligand-
1 (PSGL1) prior to the achievement of induction of BCL6.42 BCL6
administers a robust program for differentiation and function of Tfh
cells by virtue of vigorous control of AP1 activity over the genome.43

Repeated encounters with antigen-presenting cells and the principal
feature of BCL6 in upregulating its own production further reinforce
BCL6 expression to establish Tfh cell identity in an exclusive
manner.44 It has been reported that miR-10a can directly bind to
the 3′-UTR sequence of the gene transcript encoding BCL6 and inhibit
the expression of BCL6, indicating that miR-10a is involved in
dynamic regulation of Tfh cells.45 Functional loss of miR-10a in Treg
cells, which express miR-10a at high levels, preferentially leads to their
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phenotypic transition to Tfh cells. Indeed, the microenvironment of
the intestine deeply influences the plasticity of Treg cells converting to
Tfh cells, and miR-10a would secure a balance of Treg cells and Tfh
cells in the intestine, which is a site permitting constant contact of
various foreign antigens protected by IgA.46,47 Although the role of
miR-10a in Treg cells has been unclear, recent studies suggest that
phosphatase and tensin homolog (PTEN), which is regulated by
miR-10a, might preserve the integrity of Treg cells.48,49 Genetic
ablation of miR-10a does not seem to directly induce Treg defects
or autoimmunity, because miR-10a likely shares redundant function
with miR-10b. It should be noted that miR-10 is one of the most
highly conserved miRNAs across mammalian species with respect to
its chromosomal localization within Hox clusters.50 A sequence
immediately downstream from a 5′-terminal oligopyrimidine
(5′-TOP) element is also a functional target of miR-10a.51 Thus,
miR-10a indirectly regulates translation of a number of 5′-TOP
mRNAs such as mRNAs encoding ribosomal proteins to govern
general translation in cells. However, the functional significance of
5′-TOP mRNAs in the regulatory mechanism of Tfh cell biology
remains unknown.

miR-17~ 92 cluster
The miR-17~ 92 polycistronic cluster, which encodes six miRNAs
(miR-17, miR-18a, miR-19a, miR-20a, miR-19b-1 and miR-92-1), is
well conserved among vertebrates.52 Increased expression of the
miR-17~ 92 cluster results in lymphoproliferative disease and a
systemic lupus-like autoimmune condition characterized by functional
anomaly of CD4+ T cells and high serum levels of anti-DNA
antibodies.53 This indicates direct involvement of the miR-17~ 92
cluster in the regulation of CD4+ T-cell subsets. Mice lacking the
miR-17~ 92 cluster (Mir17~ 92− /− mice) in CD4+ T cells show
selective reduction in Tfh cells and defective long-lived antibody
responses against infection with lymphocytic choriomeningitis virus
and also immunization of foreign protein antigens.40,54 The expression
of miR-17~ 92 is induced early in T cell activation and is thereafter
repressed before the end of Tfh cell differentiation. During CD4+

T-cell differentiation, the miR-17~ 92 cluster has a role in promoting
Tfh cell differentiation directly by inhibiting gene expression programs
for non-Tfh cells. This is suggested by the results of studies with
Mir17~ 92− /− mice showing that the miR-17~ 92 cluster represses the
genes encoding CCR6, IL-1R1, IL-1R2, IL-22 and RAR-related orphan
receptor α (RORα) of a transcription factor, which are normally
expressed in non-Tfh cells, indicating a limiting factor of Tfh cells.40,54

RORα has the capacity to regulate the expression of genes encoding
CCR6 and other molecules associated with Th17 cell function. It is
also recognized that miR-17~ 92 indirectly upregulates essential
molecules related to Tfh cell lineage: BCL6, CXCR5 and IL-21.
Furthermore, miR-17~ 92 directly represses phosphatase and tensin
homolog (PTEN) and PHLPP2, both of which are phosphatases that
inactivate PI3 kinase.54 Given that the PI3 kinase pathway is down-
stream of ICOS to activate Akt during Tfh cell differentiation,
miR-17~ 92 would enhance the PI3 kinase pathway.55,56 PI3 kinase
and Akt pathways subsequently induce the phosphorylation and
degradation of FoxO1, resulting in enhanced BCL6 expression and
exaggerated differentiation of Tfh cells.57

miR-146a
Like BCL6, there are molecules that Tfh cells and germinal center B
cells mutually share in abundance, and thereby antigen-specific
immune responses are centrally operated. One such molecule is
miR-146a, which was found by a comprehensive approach.58

The absence of miR-146a in mice (Mir-146a− /− mice) causes
spontaneous accumulation of Tfh cells and germinal center B cells.
Further experiments using mixed bone marrow chimera mice showed
autonomous expansion of Mir146a− /− Tfh cells in vivo.58 This
mechanism is attributable to direct control of the amounts of gene
transcripts encoding ICOS by miR-146a, eventually enhancing
signaling for proliferation of Mir146a− /− Tfh cells.58 Such an intrinsic
mechanism to control Tfh cell numbers has been focused on to obtain
a better understanding of immunological tolerance in peripheral
tissues. Excess accumulation of Tfh cells is thought to lower the
threshold for B-cell tolerance, causing unfavorable leakage of self- and/
or cross-reactive B cells. Thus, the numerical limitation
of Tfh cells is considered to be a fundamental checkpoint to prevent
tissues from autoinjury.59 Since abnormalities of miR-146a are
observed in multiple sclerosis, miR-146a is involved in the pathogen-
esis of autoimmunity as a cardinal post-transcriptional regulator.25,60

Among multiple bona fide genes targeted by miR-146a, activation
of NF-κB through T-cell receptor signaling leads to upregulation of
miR-146a, which in turn restricts NF-κB activity.61,62 This type of
negative feedback loop regulating the NF-κB pathway might also be a
part of the regulatory mechanism of Tfh cells. It has been reported
that miR-146a targets a 3′-UTR region of the gene encoding
Fas-associated death domain to modulate FAS-induced cell death in
Jurkat T-cell leukemia cells.63 Since Tfh cells are postulated to be the
origin of angioimmunoblastic T-cell lymphoma, this mechanism
might underlie tumor cell growth to escape FAS-induced cell death.

miR-155
Along with other miRNAs such as miR-146a, miR-155 also act as an
active mediator of inflammation and immunity by the control of
T and B cells as well as macrophages.64,65 Whereas the thymus exhibits
high levels of miR-155 expression in comparison to levels in other
tissues, activated lymphocytes in peripheral tissues, especially helper
CD4+ T cells and B cells, preferentially express miR-155. Experiments
using mice lacking miR-155 (Mir155− /− mice) have unraveled its
canonical role in the formation of germinal centers to establish
antigen-specific humoral immunity, suggesting the possible involve-
ment of miR-155 in the regulation of Tfh cells.66 By using miR-155
conditional knockout T cells in mice (CD4-Cre Mir155fl/fl mice),
it has been convincingly revealed that CD4+ T cells require intrinsic
miR-155 for Tfh cell differentiation, accompanying significant
reduction of germinal center formation even when immunized with
a foreign antigen.67 Initially, miR-155 was derived from a long
intergenic noncoding RNA (lncRNA) named bic (B-cell integration
cluster), which abundantly accumulates in B-cell lymphomas.68 Since
then, mRNA targets of miR-155 have been extensively investigated and
many of them have been shown to be involved in multiple processes
of inflammation, immunity and also regulatory mechanisms of
numerous diseases.69 There are two specific targets of miR-155 within
Tfh cells, Fos-like antigen 2 (FOSL2) and pellino E3 ubiquitin protein
ligase 1 (PELI1), both of which have an inhibitory effect on the
expression of BATF and IRF4.67 Therefore, suppression of Tfh cell
differentiation in Mir155− /− mice is attributable to the weak function
of BATF and IRF4. Interestingly, inflammatory and autoimmune
pathologies in Mir146a− /− mice are prevented by the lack of
miR-155.67 The opposing roles of miR-155 and miR-146a in the
function and development of Tfh cells have been clarified. These
miRNAs that are concurrently upregulated in response to proinflam-
matory cues may counterbalance each other during immune responses
established by high-affinity antibodies. A concept of low-grade
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inflammation (inflamm-aging phenomenon) is applied to illustrate
systemic roles of such miRNAs in the regulation of Tfh cells.70

miR-346
The investigation of noncoding RNAs such as miRNAs, which are
responsible for regulating the settings of circulating Tfh cells in
peripheral blood, has just started. Actually, little is known about
miRNAs regulating blood CD4+CXCR5+ T cells in healthy and disease
conditions, though it has been reported that miR-346 possibly
targets BCL6 in blood CD4+CXCR5+ T cells of Graves’ disease.71

In that study, a unique correlation of disease activities with expression
levels of miR-346 in blood CD4+ T cells and plasma was also found.
Given that genetic polymorphisms related to miRNAs including
miR-346 and miR-146a are involved in the pathogenesis of
rheumatoid arthritis, functional disturbances of such miRNAs may
broadly underlie autoimmune diseases.72 As mentioned above, Tfh cell
polarization characteristic to ages might be related to healthy settings
through life (Figure 1). Further, there is accumulating evidence that
suggests functional skewing of blood Tfh-cell subsets in a variety of
disorders, such as autoimmune diseases and allergies.22–27 With
miR-346 as the first opportunity, it is expected that investigation of
the genetic background of blood Tfh-cell subsets will advance to
elucidate the mechanism by which noncoding RNAs contribute to the
regulation of polarization of blood Tfh cells and their biomedical
significance. Since Tfh-cell subsets are characterized by the expression
profiles of CCR6 and CXCR3 of CD4+CXCR5+ Tfh cells, miRNAs
regulating the expression of these molecules might be associated with
the specification of peripheral blood Tfh cells.

CONCLUDING REMARKS

Tfh cells are attractive targets for the treatment of refractory immune-
related disorders and even cardinal to durable immune responses by
successful vaccinations. Therefore, regulatory mechanisms of Tfh cells
and their circulating subsets need considerable attention. While the
functional execution of Tfh cells depends on complex machinery
governed by both intracellular and extracellular factors, our current
knowledge of how functional RNAs are enrolled in the phenotypic
control of Tfh cells is expanding. Generally, each miRNA has a
potential capacity to target tens or hundreds of mRNAs, and
collaborative regulation of numerous direct targets in gene networks
must occur in cells.73 Besides miRNAs, studies on other functional
RNAs of CD4+ T cells should provide critical information for the
understanding of Tfh cell regulation. Evidence that lnc-MAF-4
operates the differentiation of CD4+ T cells may uncover the
expression mechanism of a MAF transcription factor in Tfh
cells.19,20,74 As studies on functional RNAs advance, another factor
(s) of regulators might be elucidated and enable a specific approach for
control of Tfh cells and their subsets.
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