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Mass cytometry provides
unprecedented insight into
the role of B cells during the
pathogenesis of multiple sclerosis
Key take-home messages
• B cells can play a detrimental and protective
role in the pathogenesis of multiple sclerosis
• Mass cytometry provides insight into the
multitude of B cell subsets
• Interrogating B cell subsets will provide
further insight into the pathogenesis of
multiple sclerosis

Abstract
In recent years, it has become clear that
B cells play a prominent role in the pathogenesis of multiple sclerosis (MS). This is
most evident when considering the effectiveness of anti-CD20 monoclonal therapeutics
including rituximab and ocrelizumab. In fact
many successful therapeutics alter the level
of switched memory B cells. It is however
unlikely all switched memory B cells are detrimental in the context of MS. The ability to
distinguish between various B cell subsets is
hence important if we are to more specifically
target detrimental from potentially beneficial
B cells. Mass cytometry provides the ability
to interrogate a larger number of markers
in a single experiment, allowing unprecedented insight into B cell subsets and how they
contribute to MS disease progression. This
review highlights the importance of investigating B cells in the context of MS, and how
mass cytometry provides the ability to interrogate a large number of subsets for an in-depth
characterisation.

B cells can play a detrimental and
protective role in the pathogenesis of
multiple sclerosis
In recent years, it has become clear that
B cells play a prominent role in the pathogenesis of multiple sclerosis (MS). This is most
evident when considering the effectiveness of
anti-CD20 monoclonal therapeutics including
rituximab1 and ocrelizumab.2 The majority
of successful disease-modifying therapeutics
(DMTs) including monoclonal antibodies, are
incapable of crossing the blood-brain barrier,
cladribine3,4 and fingolimod5 being exceptions. The mechanism of action of successful
therapeutics such as cladribine,6 anti-CD19
(inebilizumab), anti-CD52 (alemtuzumab),
S1P agonist (fingolimod), anti-VLA-4 (natalizumab) and dimethyl fumarate,7 appears

to involve modulating the level of circulating B cells within peripheral blood. More
specifically, these studies have found CD27+
memory B cells to be particularly affected,
with efficacy correlating with large numbers
of memory B cells being removed from circulation. It has therefore been proposed that
memory B cells play a key role in MS pathogenesis.8 As part of the adaptive immune
response, memory B cells provide defence
against previously encountered pathogens.
In people with MS, the majority of B cells
found within white matter lesions are CD27+
memory B cells.9 Although the exact role of
memory B cells in the context of MS is yet
to be fully understood, recent work by Jelcic
et al.10 found memory B cells were capable
of activating brain-homing T cells that may
contribute to disease pathogenesis. However,
it is unlikely all circulating memory B cells
contribute to disease pathogenesis, meaning
that more work is needed to differentiate
pathogenic from non-pathogenic subsets of
memory B cells.
There is growing evidence not all B cells
are detrimental in the context of MS, with
some playing a protective role. These
so called “regulatory B cells” or BRegs are
capable of suppressing an immune response
and many studies have investigated BRegs in
experimental autoimmune encephalomyelitis
(EAE), an animal model of MS. Mice deficient in IL-10-producing B cells are incapable
of recovering from EAE.11 While depleting
B cells with anti-CD20 prior to EAE induction
worsens disease, removal of B cells after signs
of clinical disease reduces disease severity.12
Thus, B cells are important for preventing
the development of CNS-autoimmunity and
limiting disease severity, but once disease
has developed, different B cells subsets are
pathogenic. Novel DMTs such as exposure of
the skin to ultraviolet (UV) radiation which
can protect mice from EAE13 and delay the
onset of MS14, work in part by activating
EAE-protecting B cells.15
In contrast to regulatory T cells, which are
routinely defined by their high expression of
CD25 and FoxP3 and low levels of CD12716
there is no defined phenotype that enables
the reliable identification of BRegs. This has
led to the hypothesis that any B cell has the
potential to become regulatory, and that it
depends on the environment in which it finds
itself as to whether the B cell exerts immune
regulation.17 In fact, many subsets of B cells
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have been found to produce immunoregulatory IL-10, including transitional B cells,
naïve B cells, plasma cells, plasmablasts and
even memory B cells.7 Furthermore, B cells
can suppress the immune response in IL-10independent mechanisms, including through
TGF-β or IL-35 production, or via expression
of co-inhibitory molecules such as PD-L1 or
GITRL.7 Although IL-10 is most well-known for
its suppressive capabilities, IL-10 can act as a
B cell stimulant to promote immunoglobulin
production.18 The success and failure of some
DMTs provide clinical clues as to which B
cells in MS patients are likely to be pathogenic and which are potentially protective.
The success of CD20-targeting monoclonal
antibodies suggest that in the context of MS,
pathogenic B cells may express high levels
of CD20. Alternatively, MS-protective B cells
may reside in the plasma cell lineage which
express low or negligible amounts of CD20
on their surface. The results from a trial of
atacicept (a fusion protein of immunoglobulin
and TACI that blocks signals from BAFF and
APRIL) showed that this DMT exacerbates
disease in MS patients.19 This failure suggests
that either atacicept fails to deplete potentially
pathogenic memory B cells,8 or may starve
regulatory B cells of the cytokines they need
to survive.
Mass cytometry provides insight into the
multitude of B cell subsets
Recent advancements in flow cytometry,
particularly mass cytometry, have enabled

examination of more than 40 markers in a
single panel. Mass cytometry is similar to
conventional fluorescence flow cytometry in
that cells are stained with antibodies, but
rather than antibodies being conjugated to
fluorochromes they are instead conjugated to
Lanthanide heavy metal isotopes.20 The use
of heavy metal isotopes that are not naturally
found in cells, rather than fluorochromes,
avoids problems of spectral overlap enabling
many more markers to be investigated in a
single panel. Stained cells will then be run
through a flow cytometer coupled with a mass
spectrometer. Following incineration, only the
heavy metal isotopes remain which are then
subjected to time-of-flight mass spectrometry
to differentiate between the metals based on
their molecular mass. Computational extrapolation to the cellular flow event allows for the
identification of specific markers on (and
within) individual cells.
Mass cytometry has recently been used
to identify 25 subsets of regulatory T cells
within the bone marrow of multiple myeloma
patients,21 whilst Christophersen et al.22 used a
tetramer to identify and phenotype T cells that
recognise the gluten antigen in coeliac disease
patients. It is hence possible to not only identify a range of cell subsets, but also provide
unparalleled insight into the potential function
of these cells. In contrast to T cells, not nearly
as much work has been done to identify
B cell subsets to the same extent. In fact many
immunophenotyping studies simply use CD19
to identify total B cells rather than individual

subsets. Sundling et al.23 utilised mass cytometry to identify 10 subsets of B cells within
malaria patients. In our own studies, mass
cytometry has identified 9 individual subsets
of IgG3+ B cells.24 In this study, we found
the proportion of circulating IgG3+ B cells
to increase as clinically-isolated syndrome
patients convert to MS, whilst MS patients with
active disease had a greater level compared to
those with inactive MS. It is evident there are
many more subsets of B cells in circulation
than fairly represented in current studies, so it
is important to differentiate between them at
a phenotypic level to better understand their
role in MS pathogenesis.
Concluding remarks
There is no longer any doubt that B cells
contribute to disease pathogenesis in MS.
Differentiating between detrimental and
protective B cells is challenging but essential
if we are to target these immune cells more
specifically and effectively in the prevention
and treatment of MS. Advancements in cytometry that allow for the evaluation of an
increased number of parameters for a single
cell provide greater power for interrogating
B cell subsets. Mass cytometry allows more
defined phenotyping of individual B cell
subsets and revelation of their potential function. More work remains to be done, and mass
cytometry will continue to provide important
insight into the pathogenesis of MS, and how
B cells may both contribute to and protect
from such a disease.
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