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are resistant to the induction of EAE, restoration of the CD4 T cell
population before immunization, or adoptive transfer of
inflammatory CD4 T cells specific for myelin antigen is sufficient to
cause EAE [6, 7]. In addition, transgenic mice carrying T cell
receptor recognizing an MHC-class II restricted epitope of myelin
antigen spontaneously develop EAE [8]. These observations
indicate that EAE is mediated by inflammatory myelin
antigen-specific CD4 T cells.
Earlier studies in the 80’s with EAE models concluded that
IFN-γ-producing Th1 cells were the major CD4 T cell subset
causing EAE [9]. Transfer of myelin antigen-specific Th1 cells was
capable of inducing EAE, and blocking the effect of IL-12 with
polyclonal neutralizing antibodies was able to abrogate EAE
induction [10]. However, later studies demonstrated that the effect
of the polyclonal anti-IL-12 antibody was not mediated solely by
blocking the function of IL-12 per se, which is composed of
IL-12p40 and IL-12p35 subunits. While IL-12p40-/- mice were
highly resistant to the induction of EAE, IL-12p35-/- mice were
found to be susceptible [11]. These observations lead to the
discovery that IL-23, a cytokine composed of IL-12p40 and
IL-23p19 subunits, is critical cytokine for EAE induction [12]. IL-23
efficiently expands Th17 cells and confers Th17 cells with
encephalitogenicity that produce various proinflammatory cytokines
such as IL-17A, IL-17F, IL-22, and GM-CSF [13]. The
pathogenicity of Th17 cells is also attributed to their expression of
the chemokine receptor CCR6. CCL20, the ligand of CCR6, is
constitutively expressed by epithelial cells of the choroid plexus, and
promotes the entry of CCR6+ CD4 T cells into the CNS [14]. Mice
lacking CCR6 are highly resistant to the induction of EAE [15],
indicating the importance of the CCL20-CCR6 axis in the
pathogenesis.
While both Th1 and Th17 cells contribute to the development of
EAE, a fraction of Th17 cells was found to co-express IL-17 and
IFN-γ. Importantly, these IFN-γ+ Th17 cells are more pathogenic
than Th cells producing IFN-γ or IL-17 alone in the EAE model [16].
Furthermore, recent studies show that GM-CSF-/- mice are resistant
to EAE induction, and GM-CSF derived from encephalitogenic CD4
T cells is more critical than IFN-γ or IL-17 for the induction of EAE
[17-21]. GM-CSF production by Th17 cells can be enhanced by
IL-23, and suppressed by TGF-β [20].
In summary, both Th1 and Th17 cells contribute to the
pathogenesis of EAE, and their encephalitogenicity is largely
affected by the microenvironment in lymphoid organs and/or
inflammatory sites.

Multiple Sclerosis (MS) is a chronic, inflammatory and
neurodegenerative disease which results from the destruction of
myelin and associated collateral tissue damage within the
central nervous system (CNS). MS is a highly diverse disease
with different clinical profiles. During the past decade, several
new treatment options have been introduced, but no treatment
completely stops the disease progression. Therefore deeper
understanding of the disease mechanism is necessary to
develop novel therapeutic strategies. While yet to be proven,
there is evidence suggesting the involvement of T follicular
helper (Tfh) cells, a CD4 T cell subset specialized for the
provision of help to B cells, in the pathogenesis of MS. In this
review, I will discuss the potential pathogenic roles of Tfh cells
in the course of MS. Journal of Nature and Science, 1(7):e139, 2015
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Introduction
MS affects approximately 2.5 million persons worldwide [1].
Although usually non-fatal, MS often progresses over the time and
substantially affects the quality of life of the patients. The precise
etiology of MS is unknown but both genetic and environmental
factors confer susceptibility to MS [2, 3]. While some investigators
have proposed that MS is a primarily neurodegenerative disease
accompanied with secondary inflammation, MS is widely
recognized as an autoimmune disorder [4]. The contribution of the
immune system to the pathology of MS is supported by the findings
in genome-wide association studies (GWAS) and subsequent
targeted genome studies. In particular, these studies strongly suggest
the involvement of CD4 T cells in the pathogenesis. The strongest
association of genetic susceptibility to MS is with MHC class II
alleles [5] and the majority of the risk loci are mapped to gene
important for immune function particularly genes involved in CD4 T
cell differentiation[3].
Diverse clinical forms of MS
MS is a highly diverse disease with different clinical profiles. About
85% of MS patients first develop a form called relapsing remitting
disease (RRMS), characterized by multiple episode of neurological
disability with complete or almost complete recovery during the
relapses. The majority of these patients eventually develop a
clinically distinct form called secondary progressive MS (SPMS).
The transition from RRMS to SPMS is characterized by a gradual
delay in the recovery of neurological functions following the attacks,
a shortening of the period of remission, and the apparition of new
neurological symptoms even between relapses. The patients will
finally present with a regular steady increase of neurological
dysfunction and associated physical disabilities. About 15% of the
patients present with steadily worsening clinical disabilities from the
time of the initial diagnostic without (primary progressive MS) or
accompanied with occasional exacerbations (progressive relapsing
MS). Whether the same type of CD4 T cells play a pathogenic role in
these subgroups, or whether distinct types of CD4 T cells are
primarily associated with a particular subgroup is currently
unknown.

Observations in human MS
Many studies have been performed aiming at determining the nature
of pathogenic CD4 T cells in MS patients. One approach is to
determine the differences between MS patients and control subjects
in the cytokine concentrations and the global cytokine expression
patterns of CD4 T cells in blood and cerebrospinal fluid (CSF). A
recent study with a cohort of RRMS patients showed that the
concentration of IL-17A and IL-17F was higher in the serum and
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Insights from mouse EAE models
A number of insights regarding the disease mechanism of MS have
been obtained from the studies with experimental autoimmune
encephalomyelitis (EAE) mouse models. EAE is induced by
immunizing mice with myelin antigens. While T cell-deficient mice
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Figure 1. Two different types of CNS inflammation in multiple sclerosis. (A) Many CNS lesions are found in the white matter of the CNS. Loss of the
integrity of the blood brain barrier permits the entry of various immune cells including CD4 T cells, monocytes-macrophages, B cells and cytotoxic T cells into
the CNS parenchyma. In the inflammatory sites, CD4 T cells participate in the damages of the oligodendrocytes and neuron fibers through the release of
pro-inflammatory cytokines including IL-17, GM-CSF and IFN-γ. (B) Some CNS lesions are also found in cortex. These lesions are often found in the proximity
of lymphocyte aggregates containing T and B cells and/or ectopic lymphoid follicles (ELF) in the subarachnoid space. The formation of ELF is found
approximately 40% of SPMS patients. Tfh cells, in particular the Th17-type subset, might play a critical role for the formation and maintenance of the ELF.
Soluble mediators secreted by immune cells in the ELF diffuse to the gray matter in the CNS. Presumably these soluble mediators induce neuronal damage either
by a direct cytotoxic action on neuron or oligodendrocytes or indirectly by activating the microglia.

cells was not extensively performed due to their rarity in blood [26],
a recent study systematically analyzed their functions in RRMS
patients and healthy subjects by screening a large number of T cell
libraries generated from blood samples. Among blood CCR6+
memory CD4 T cells, myelin antigen-reactive T cells from RRMS
patients showed enhanced production of IFN-γ, IL-17, and GM-CSF
compared to control subjects, while those from control subjects
produced more IL-10 [29]. Furthermore, myelin antigen-specific
CD4 T cells in RRMS patients displayed inflammatory Th17 gene
signatures [29]. These studies further support the involvement of
Th1 and Th17 cells in the pathogenesis of MS. Several mechanism
can be considered by which Th17 cells cause neuronal damages in
MS. For example, there is a study demonstrating that human Th17
cells promote the blood-brain barrier disruption by producing IL-17
and IL-22, and also directly display cytotoxic activity against
neurons [30]. Thus, consistent with findings in mouse EAE models,
Th1 and Th17 cells are likely involved in the disease course of
human MS.

CSF of the patients, and the concentration of IFN-γ was also higher
in the serum [22]. This supports the involvement of Th17 and Th1
cells in the pathogenesis of RRMS. RRMS patients also displayed
higher frequencies of blood CD4 T cells expressing IL-17A and
GM-CSF upon stimulation with PMA and ionomycin [22, 23].
Consistently, another report demonstrated that the frequencies of
CD4 T cells expressing IL-17 were elevated in blood and CSF of
RRMS patients during relapses [24]. In contrast, the frequency of
IFN-γ+ CD4 T cells were similar between healthy subjects and
RRMS patients, and between stable and relapse phases in RRMS
patients [24].
Another approach is to determine the frequency and the type of
myelin antigen specific CD4 T cells in blood and CSF of MS
patients. Earlier studies in the 90’s analyzed the frequency of myelin
antigen-specific CD4 T cells by measuring in vitro the cell
proliferation (by [H3]-thymidine uptake) in response to the
stimulation with myelin antigens. These studies concluded that the
frequency of myelin specific CD4 T cells in blood was similar
between healthy subjects and MS patients [25]. Yet, more recent
analyses by using HLA class II tetramers demonstrated that myelin
oligodendrocyte glycoprotein (MOG)-specific CD4 T cells in blood
were present at a slightly higher frequency in RRMS patients than
healthy subjects [26]. This suggests the frequency of myelin
antigen-specific CD4 T cells might be increased in MS patients.
Nonetheless, the quality of myelin antigen-specific CD4 T cells
seems more dramatically different between MS patients and control
subjects. Studies in the late 90’s suggested that myelin
antigen-specific CD4 T cells in MS patients are largely composed of
memory cells, while those in control subjects are largely composed
of naïve cells [27, 28]. A recent study showed that MOG-specific
CD4 T cells in RRMS patient blood samples were found almost
exclusively among the memory CD4 T cells expressing CCR6 [14].
While functional characterization of myelin antigen-specific CD4 T
ISSN 2377-2700 | www.jnsci.org/content/139

Tfh cells in the CSF of MS patients
Tfh cells represent a CD4 T cell subset essential for the generation of
high-affinity memory B cells through the germinal center reaction
[31, 32]. Tfh cells express the chemokine receptor CXCR5, which
guides their migration into B cell follicles. Inducible co-stimulator
(ICOS), expressed at high density by Tfh cells in human tonsils,
plays a critical role for their development and functions. In germinal
centers, Tfh cells selectively provide help to high affinity B cells
through the secretion of IL-21. Selected B cells eventually
differentiate into long-lived plasma cells and memory B cells, and
maintain long-term antibody response. Tfh cells in germinal centers
highly express Bcl-6, the transcription repressor essential for Tfh
cell generation in vivo. Exaggerated Tfh response is associated with
2
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many other human autoimmune diseases including systemic lupus
erythematosus, rheumatoid arthritis, and Sjogren’s syndrome, by
promoting the development of autoantibodies [32].
While MS is largely considered as a T cell-mediated disease, there
is a line of evidence demonstrating the involvement of B cells and
their antibody production in the disease course. First, treatment of
RRMS patients with Rituximab, an anti-CD20 monoclonal antibody,
induces a decrease of clinical and imaging activity [33]. Second,
many studies show that patients with MS display antibodies
recognizing myelin antigens in serum as well as in CSF [33]. Third,
transfer of human anti-MOG antibodies enhanced demyelination of
the CNS in a mouse EAE model [34].
While where and how Tfh cells interact with B cells in MS
remains unknown, there is evidence that Tfh cells can migrate to the
CNS in MS patients. The concentration of the chemokine CXCL13,
the ligand of CXCR5, is elevated in the CSF of RRMS patients and
is correlated to the number of CD4 T cells in the CSF. Furthermore,
treatment of RRMS patients with Rituximab was accompanied with
a reduction of the infiltration of B and T cells in the CNS together
with a decrease of CXCL13 concentration in the CSF [35]. The
correlation between the levels of CXCL13 and T cells in the CSF of
MS patients suggests that CXCR5+ Tfh cells migrate and retain in
the CSF in response to elevated expression of CXCL13 during the
course of MS.
Importantly, studies with brain tissues from MS patients showed
the production of CXCL13 in actively demyelinating lesions but not
in chronic inactive lesions [36, 37]. This suggests that CXCR5+ Tfh
cells can be also recruited into actively demyelinating lesions. The
presence of IL-21-expressing CD4 T cells in both acute and chronic
active lesions in MS patients further suggests the activation of Tfh
cells in situ [38]. IL-21 secreted by Tfh cells in situ might promote
the proliferation of B cells and their differentiation into cells
producing autoantibodies. Alternatively, IL-21 might also enhance
the cytotoxic activity of myelin antigen-specific cytotoxic T cells,
and indirectly promote the damage of neuronal tissues

Specialized Tfh subset promoting ELF formation?
Recent studies in mice and humans show that Tfh lineage cells in
lymphoid organs are composed of subsets that differ in their
localization, phenotype and functions [32]. Then which Tfh subset
plays a major role in the pathogenesis of MS? Almost nothing is
known. Herein I would like to discuss a candidate Tfh subset based
on current findings.
Studies on human blood CXCR5+ memory CD4 T cells, called
blood memory Tfh cells [43], have identified multiple functionally
distinct subsets [44-46]. These subsets can be defined by the
differential expression of these markers: the chemokine receptors
CXCR3 and CCR6; and the co-stimulatory molecules ICOS and
PD-1 [43]. In particular, two chemokine receptors, CXCR3 and
CCR6, define the three major functionally distinct subsets: Th1, Th2,
and Th17 type cells (Th1: CXCR3+CCR6-; Th2: CXCR3-CCR6-;
and Th17: CXCR3-CCR6+) [43]. While Th2 and Th17-like Tfh
cells induce naïve B cells to produce Immunoglobulins and to
undergo isotype switching through secretion of IL-21, Th1-like Tfh
cells do not help naïve B cells [44]. Therefore, Th2 and Th17-like
blood Tfh cells represent the most efficient helpers for naïve B cells.
Although remained to be demonstrated, these distinct blood memory
Tfh subsets likely reflect the heterogeneous subsets within
Tfh-lineage cells in secondary lymphoid organs and also potentially
in ELFs.
This strategy to define the functionally distinct blood Tfh subsets
has been applied to characterize the type of Tfh response associated
with autoimmune diseases [44, 47-49] and induced by vaccinations
[50]. An initial report demonstrated that patients with juvenile
dermatomyositis show the skewing of blood Tfh subsets towards
Th2 and Th17-like cells (thus increased efficient B cell helpers)[44].
Similarly, patients with other autoimmune diseases such as adult
SLE [48] and Sjogren’s syndrome [47] were shown to display an
increase of Th17-like blood Tfh cells.
Interestingly, progressive MS patients were also shown to display
the same alteration in the composition of blood memory Tfh subsets:
low Th1-like cells and high Th17-like cells [49]. Thus, Tfh cells, in
particular Th17-like subset, might be involved in the disease course
of progressive MS. Indeed, there is evidence in mouse EAE models
suggesting the involvement of Th17 cells in the formation of ELF in
the CNS. Transfer of Th17 but not Th1 or Th2 cells induced the
formation of ELF in the subarachnoid space of EAE mice [51].
Furthermore, Th17 cells were transformed in the ELF into the
phenotype of Tfh cells and expressed multiple Tfh markers such as
CXCR5, ICOS, and Bcl6 [51]. This suggests that Th17 cells can
join the formation of ELF in the CSF, and acquire the phenotype of
Tfh cells in situ. Alternatively, it is plausible that Th17 cells that
promote the formation of ELF in the CNS of MS patients might be
Th17-type Tfh cells.

Role of Tfh cells in the formation of ectopic lymphoid structure
The most important role of Tfh cells in the pathology of MS might
be associated with the generation of ectopic lymphoid structure
(ELF) in the CNS (Figure 1). ELFs contain B cells, Tfh cells, and a
follicular dendritic cell (FDC) network, and support a germinal
center-like response. The formation of ELF is observed in
approximately 40% of SPMS patients [39, 40]. Such ELF is usually
found in meninges adjacent to large subpial lesions. In mice, the
formation of ELF is preceded by an ectopic expression of lymphoid
chemokines including CXCL13. The first lymphoid infiltrates are
mainly composed of T cells, and are followed by a progressive
influx of B cells and the development of organized lymphoid
structures [41]. Indeed, the FDC network within the ELF of MS
patents express CXCL13, and recruits Tfh cells [42]. Activated Tfh
cells secrete CXCL13 and might further support the expansion and
maintenance of ELFs.
The presence of meningeal ELF in SPMS patient is associated
with a younger age of disease onset, shorter time to disease
progression, and younger age at death [40]. Furthermore, meningeal
ELF is associated with a more pronounced demyelination, microglia
activation, and neuronal loss in cerebral cortex [39, 40]. These
observations strongly suggest that meningeal ELF contributes to the
disease progress. Given that grey matter demyelinated lesions are
located adjacent to or some distance from ELFs [40], it is plausible
that soluble factors produced at ELFs, such as cytokines and
antibodies against myelin antigens, diffuse toward the cortex and
cause demyelination. These soluble factors might directly induce
neuronal demyelination or indirectly via activation of other cells
such as microglia.

ISSN 2377-2700 | www.jnsci.org/content/139

Conclusions
The nature of the pathogenic CD4 T cells in human MS is much less
characterized compared to those in mouse EAE models. More effort
on the analyses of primary CD4 T cells obtained from MS patients is
necessary to gain direct insights into MS pathogenesis. With this
regard, these studies can be dramatically benefitted by recent
advance in technologies which permit analysis of the phenotype,
genomics, and epigenomics at a single cell level. Such effort might
eventually provide evidence linking between myelin
antigen-specific Tfh cells and progressive MS and/or the
development of grey matter lesions.
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