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of stress and an elongation that increased the
cellular area. This suggests that intermediate
filaments might protect superelastic cells from
undergoing an unlimited deformation by acting
like springs that resist tension at high levels of
deformation. In such circumstances, the abil-
ity of intermediate filaments to return to their
usual length after being stretched might even
enable such cells to recover their initial shape
when tension is released.

Latorre and colleagues’ work has revealed a
more complex relationship between cell size and
the forces that cells experience than was previ-
ously appreciated. Future studies should attempt
to unravel the mechanisms that enable cells to
enter a state of superelasticity and to recover
from high levels of deformation. Now that we
know cell shape is not an appropriate proxy
for assessing cellular tension, it will be crucial
to develop ways to accurately monitor tension
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levels in tissues, so as to better understand the
factors that influence tissue shape. m
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Immune-cell crosstalk
in multiple sclerosis

Interactions between the B and T cells of the human immune system are
implicated in the brain disease multiple sclerosis. It emerges that B cells make a
protein that is also made in the brain, and that T cells recognize this protein.

RICHARD M. RANSOHOFF

hallmark of the disease multiple
Asclerosis is an inflammatory autoim-

mune attack' on the proteins of the
myelin sheath, a structure that wraps around
the nerve fibres that project from neurons. The
myelin sheath provides protection and nour-
ishment to nerve fibres and enables efficient
transmission of nerve impulses. Myelin-sheath
injury causes a range of symptoms, depend-
ing on the neurons that are affected. Which
immune-system cells and protein targets have
key roles in the initiation and progression of
multiple sclerosis is not fully understood, and
such information might aid the development
of new treatments. Writing in Cell, Jelcic et al.”
present an analysis of immune-system cells
found in people with multiple sclerosis that
deepens our understanding of how immune
cells might contribute to this disease.

One factor linked™ to the risk of developing
multiple sclerosis is the possession of a
particular version of a protein called HLA.
HLA proteins enable cells to display anti-
gens — fragments of proteins — on their
surfaces. If the receptor for an antigen (the
T-cell receptor; TCR) on a T cell recognizes
an antigen presented by an HLA protein,
the T cell is activated to trigger an immune
response against cells that express the antigen.

Variations in the antigen-binding capacity of
different HLA proteins and in the antigen-
recognition capacity of TCRs enable the body
to respond to a wide range of antigens asso-
ciated with disease-causing microorganisms.
However, there is a danger that if an HLA
protein efficiently binds an antigen that is
normally part of the body, and if a T cell that
recognizes the HLA-antigen complex is acti-
vated, autoimmunity could develop. Such a
mechanism might underlie the fact that the
version of HLA called HLA-DRI15 is a risk
factor for multiple sclerosis’, and is estimated”
to contribute 60% of the total genetic risk for
developing the condition.

T cells from people with multiple sclerosis
are more prone to divide in vitro than are T cells
from people without the condition®. Such cell
division is reminiscent of the division that
occurs as the result of normal immune-cell
activation by an antigen stimulus, but in this
case it does not seem to require the addition of
an antigen stimulus to the sample of immune
cells®. This suggests either that the normal
requirement for antigen recognition is being
bypassed, or that these T cells recognize an
antigen that is present on other immune cells
in the blood sample. Jelcic et al. investigated
further, analysing in more detail the behaviour
of immune cells in blood samples of people
with multiple sclerosis. They convincingly
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demonstrate that both T cells and another
type of immune cell called a B cell from these
samples could proliferate when grown in vitro.
The authors term this type of division auto-
proliferation, because it occurs spontaneously
in vitro without the addition of an antigen.

Jelcic et al. found that signalling through
a TCR-initiated T-cell proliferation, and that
cell proliferation was associated with the
production by T cells of a signalling protein
called IFN-y (Fig. 1), which is associated
with multiple sclerosis®. IFN-y is a potent
activator of a category of immune cells called
macrophages, which directly damage the
myelin sheath® in multiple sclerosis.

The authors implicate B-cell proliferation
in driving T-cell autoproliferation, because
neither T cells nor B cells divided if the cul-
tured cells were exposed to a drug called
ibrutinib. Ibrutinib inhibits the protein BTK,
which is essential for signalling downstream
of the B-cell antigen receptor that leads to
B-cell proliferation®. Interestingly, a phase IIb
clinical trial (see go.nature.com/2yhfphu) has
reported preliminary evidence that the BTK
inhibitor evobrutinib could potentially provide
benefit for people with multiple sclerosis (see
go.nature.com/2qtqby9).

Each of the multiple-sclerosis treatments
currently in use suppresses disease-asso-
ciated brain inflammation, but in different
ways. Jelcic et al. took advantage of this to
test whether interactions between B cells and
T cells are needed for T-cell autoprolifera-
tion, and whether this phenomenon might be
involved in processes that lead to the symp-
toms of multiple sclerosis.

The authors analysed blood samples from
people with the disease who were receiving
different anti-inflammatory treatments, and
compared these results with control samples
from people with the disease who were not
receiving treatment. For those receiving an
antibody called natalizumab, which causes
an increase in the numbers of T cells and



immature B cells in the blood, in vitro analysis
showed that autoproliferation of B cells and
T cells was increased compared with the
controls. Samples from those receiving an
antibody called rituximab, which depletes B
cells from the bloodstream, had much-reduced
T-cell proliferation compared with controls.

This analysis of the effect of anti-inflam-
matory treatments that affect T cells or B cells
provides evidence consistent with the authors’
model that clinically relevant interactions
between B cells and T cells occur in multi-
ple sclerosis. For many years, it was generally
thought that B cells do not have a role in mul-
tiple sclerosis, because of results from animal
studies’. This view changed when striking ben-
efits were observed in clinical trials of B-cell
depletion for multiple-sclerosis treatment'®",

Jelcic and colleagues needed to answer the
question of whether the autoproliferating
T cells contribute to the development of mul-
tiple sclerosis. To address this tough problem,
the authors analysed the cellular descend-
ants of individual proliferating T cells from
the blood of people with multiple sclerosis.
They looked at the variable portions of the
TCRs present in the cells because these vari-
able regions provide a unique pattern, akin
to a barcode, that can identify any T cell and
its genetically identical descendants — which
form a cellular lineage termed a clone.

In rigorous and challenging experiments
using material from two people who had mul-
tiple sclerosis, the authors analysed T cells
found in brain tissue taken at biopsy or post-
mortem and compared these with T cells
from the same person’s blood samples taken
before brain-tissue samples were obtained. The
authors found that T cells from blood samples
that underwent autoproliferation in vitro
belonged to an identical cellular lineage that
matched T cells found in the brain-tissue sam-
ples taken from the same person.

This finding strongly suggests that some
proliferating cells in the blood of people with
multiple sclerosis could enter their brain. Once
there, such T cells might release immune-
signalling molecules called cytokines, such
as macrophage-stimulating IFN-y, that could
initiate inflammatory tissue injury. Immune
cells are always present in the cerebrospinal
fluid that bathes the brain and spinal cord,
and IFN-y-producing T cells"*** and prolif-
erating T cells' have previously been identi-
fied in the cerebrospinal fluid of individuals
with multiple sclerosis. Jelcic and colleagues’
findings therefore highlight the significance of
previous observations and provide additional
support for established models of how this dis-
ease proceeds.

A final conundrum remains: what are
the antigenic target(s) of these T cells? This
is a key question because the relevant self-
antigens driving multiple sclerosis have not
been definitively identified. To try to answer
this, the authors analysed a clonal cell popu-
lation grown in vitro, derived from one T cell
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Figure 1 | Immune-cell action associated with multiple sclerosis. Jelcic et al.” report that B cells of the
immune system present in the bloodstream make a protein called RASGRP2. These cells use a protein
called HLA to present a peptide fragment (an antigen) of RASGRP2 on their cell surface. If this antigen
is recognized by the T-cell receptor (TCR) of another immune cell called a T cell, this interaction leads to
the proliferation of both the T cells and the B cells, a phenomenon that the authors call autoproliferation.
Their evidence indicates that these autoproliferating T cells can, by an unknown route, cross the blood-
brain barrier to enter the brain. RASGRP2 is also found in brain tissue. If neurons or other brain cells
express RASGRP2, this might trigger T cells that infiltrate the brain to orchestrate an autoimmune attack
by producing inflammatory mediators. For example, the production of IFN-y proteins by activated

T cells could stimulate the macrophages of the immune system, which are known®” to attack the myelin-
sheath structure that protects nerve fibres and supports neuronal function. This in turn could lead to the

development of multiple sclerosis.

and its descendants that were present in the
blood and the post-mortem brain of a person
with multiple sclerosis. Jelcic and colleagues
used an innovative approach that relied on
computational evaluation of data obtained
using standard methods to stimulate T cells.
The authors evaluated an almost unimaginably
large number of structurally similar but non-
identical peptides for their capacity to act as
an antigen that would generate a response
from this T-cell population . They uncovered
an antigen from the protein RASGRP2 as one
that probably stimulates the TCR of this T-cell
population. RASGRP2 had not previously
been linked to processes related to multiple
sclerosis. The authors demonstrated that RAS-
GRP2 is expressed both in B cells that elicit
T-cell proliferation and in brain tissue.

Jelcic and colleagues’ study provides a
model for how B-cell and T-cell interactions
outside the brain might generate disease-
contributing T cells that then enter the brain.
Their discovery of an antigen associated with
multiple sclerosis might, if other such antigens
are identified in the future, reveal how auto-
immunity occurs and, perhaps, how it could
be remedied. m
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