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Multiple sclerosis (MS) is a chronic inflammatory
demyelinating disease of the central nervous system
(CNS). Inflammation in MS is characterized by
infiltration of peripheral immune cells into the
CNS, especially in the meninges.[1-4] The infiltration
into meninges, which has been referred to as
tertiary lymphoid tissues (TLTs), is a likely first step
preceding infiltration into the CNS parenchyma.
These invading autoreactive immune cells destroy
myelin, the insulation surrounding neuronal axons,
and cause demyelination in subpial and cortical
areas, promoting disease pathogenesis. Experimental
autoimmune encephalomyelitis (EAE), a widely used
murine model of MS, also shares this characteristic.[5,6]
However, what cellular components and molecular
pathways support infiltrating lymphocyte retention
and production within the meninges as well as
further invading into the CNS parenchyma are still
not clear. Pikor et al.[7] first reported that stromal
cells in the inflamed CNS meninges (TLTs) play an
important role in the neuroinflammatory process
of MS. They also demonstrated that collaboration
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between the encephalitogenic T helper 17 (Th17) cell
and lymphotoxin pathways contributes to the formation
of TLTs.
First, they made use of the SJL/J EAE model, which
mimics progressive MS, to investigate the location and
cellular composition of TLTs.[7] They found that T cells
were the initial population in meningeal TLTs, while B
cells invaded the meninges later. Based on a previous
report showing the importance of Th17 cells in promoting
TLTs,[6,7] they established an adoptively transferred
encephalitogenic Th17 in the SJL/J EAE model. They
found that Th17 cells could rapidly populate, proliferate,
and secrete cytokines in the meninges. The TLTs formed
by Th17 cells and B cells were also associated with subpial
and parenchyma demyelination, as shown by histological
staining.[7] Thus the authors have established a good
model (Th17 cells A/T model) for further investigation of
the cellular and molecular mechanisms of TLTs.
What are the roles of infiltrating Th17 cells in the
remodeling of stromal cells in the meninges? They
found that 1 out of the 4 populations of stromal cells in
meninges, meningeal FRC-like cells [a subpopulation
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of gp38(+)CD31(-) which are PDGFα-PDGFβ+ and
PDGFα+PDGFβ+], which closely resembled lymph
node fibroblastic reticular cells, were dramatically
increased in EAE meninges regardless of the genetic
background of mice.[7] From in vivo and in vitro
studies, they found that Th17 cells and their soluble
mediators IL-17 and IL-22 could remodel fibroblasts
and up-regulate extracellular matix proteins and
metal matrix proteinase 9, chemokines (murine
macrophage inflammatory protein-3α, murine
exodus-2, human GRO/melanoma growth stimulatory
activity), and cytokines in the meninges. Inhibition
of both IL-17 and IL-22 resulted in reductions in the
fibronectin network and clinical severity of disease.[7]
These results indicate that infiltrating Th17 cells
contribute to building a suitable environment in the
meninges to support their survival.

Th17 cells was also found to be required to propagate
inflammation and disease progress in Th17 cell A/T EAE
model.[7] Moreover, increased levels of Ltαβ (LTBR ligand)
on activated CD4+ T cells were found in MS patients, but
not in healthy controls.[7]

How do stromal cells in TLTs support infiltrating
Th17 cell retention and proliferation in the meninges?
Lymphotoxin beta receptor (LTBR) is a member of the
tumor necrosis factor superfamily[8] and is expressed on
stromal cells, dendritic cells, and macrophages, whereas
its ligand LTab is expressed on embryonic Lymphoid
tissue inducer cells, as well as innate lymphoid cells, B
cells, natural killer cells, and activated T cells. Stromal
cell chemokine secretion and stromal cell maturation
are depended on the lymphotoxin pathway. The author
applied LTBR-Ig treatment or used LTBR-deficient mice
in a Th17 cells A/T model and found that stromal cell
remodeling was comparable between wild-type mice and
LTBR-deficient mice. TLT formation was also undisturbed
in LTBR-Ig-treated mice.[7] All of this evidence suggests
that the early steps of TLT formation are not dependenton
the leukotriene pathway. Interestingly, they also found
that LTBR signaling in radio-resistant stromal cells
was required for the maturation of stromal cells and
accumulation of B cells in TLTs as well as for T cell
cytokine (IL-17 and interferon-γ) production in the CNS
by using bone marrow chimeric mice which had LTBR
deficient in radial-sensitive cells in Th17 cell A/T EAE
model.[7] Meninges stromal cells activated by Th17 cells
and their cytokines IL-22 and IL-17 also secreted IL-6
and IL-23, which were involved in Th17 cell polarization
and maintenance.[7] So the specific stromal cells in TLTs,
which share similarities with lymphoid tissue stroma,
interact with Th17 cells and support Th17 cell retention
and proliferation in meninges.
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Collectively, these results suggest that infiltrating
Th17 cells remodel the meningeal stromal cells
and initiate the formation of TLTs during EAE.
The remodeled stromal cells retain and promote
the production of Th17 and the accumulation of B
cells. The collaboration between LTB on Th17 cells
and LTBR on meningeal radio-resistant cells is very
crucial for the induction and progression of MS. This
highlights the importance of the interaction between
immune cells and non-immune cells (stromal cells)
in the pathogenesis of MS.
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