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B cells are one of the key players in the pathogenesis of multiple sclerosis (MS). The peripheral
B cell distributions are similar in healthy persons and MS patients. In healthy controls, B cells
are rarely present in the cerebrospinal fluid (CSF) while in MS patients, a clonally expanded B
cell population is detected. This consists of memory B cells, centroblasts and antibody-secreting
plasma blasts and plasma cells that are responsible for intrathecal immunoglobulin G
production and oligoclonal band formation in more than 90% of MS patients. Unfortunately, the
targets of the autoreactive B cells and antibodies remain largely unknown. Various candidate
antigens have been identified but often their involvement in the disease process is still unclear.
Most studies characterizing these target antigens examined autoantibodies by analyzing sera or

Antibodies CSF of MS patients. An alternative approach is focusing on the clonally expanded B cells. In this
way B cells directed against myelin, astroglia and axons have been denoted in MS patients. B cell
immortalization, that is based on the antibody-producing potential of Epstein-Barr virus (EBV)
transformed B cells, can be used to expand B cells from MS patients for the production of
antibodies, that ultimately can be analysed for target identification.

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease
— of the central nervous system (CNS) that has been regarded as
* Corresponding author. Hasselt University, Biomedical Research Institute, a Tcell mediated disorder for long time. More research is now
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performed on B cells and antibodies as players in the
pathogenesis of MS. Hence, oligoclonal immunoglobulin G
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(CSF) but not in the serum of more than 90% of patients with
MS, indicating an intrathecal immunoglobulin (Ig) produc-
tion [1,2]. The presence of B cells, plasma cells, complement
and myelin-specific antibodies in chronic MS lesions [2-4]
and the restricted Ig gene usage pattern in the variable region
of the heavy chain (Vy) locus in CSF B cells [5-7] suggested an
antigen-driven humoral immune response in the CNS in MS.
In addition, B cell follicle-like structures were characterized in
the brain meninges of MS patients [8] and more recently,
positive results have been achieved using the B cell depleting
antibody Rituximab in clinical trials [9,10]. These findings all
contribute to the compelling evidence that the humoral
immune response is implicated in the pathogenesis of MS.

B cells can exert different functions in MS pathogenesis,
namely complement fixation, cell-mediated cytotoxicity,
antigen presentation, T cell costimulation and cytokine or
neurotrophic factor production [2,4,7,11,12], but most research
focuses on autoantibody production. Numerous approaches
are currently used to investigate B cell reactivity with different
success rates, and despite a lot of effort it is not yet known
which are the targets of the autoreactive B cells and
antibodies. Since MS is characterized by a heterogeneous
disease course and genetic background, novel markers for the
diagnosis of new patients and a multiplex treatment strategy
are needed for better control of the disease. Studying the
humoral immune response thus remains a hot topic in MS
research where identification of the targeted antigens and
characterization of the B cell repertoire are the two main goals.

2. B cell repertoire in healthy individuals

Mature naive B cells, which are characterized by expres-
sion of the general B cell marker CD19 and the absence of
CD27 and CD38 on their surface, are released in the peripheral
blood after development in the bone marrow and secondary
lymphoid organs. Recognition of an antigen in lymphoid
tissue triggers B cell activation, which is accompanied by an
upregulation of CD80 and CD86 surface expression. After
activation, B cells proliferate into plasma blasts that produce
low-affinity antibody for a few days, or further differentiate
into different effector B cell subtypes in germinal centers (GC)
via the centrocyte and centroblast stages, which is accom-
panied by an upregulation of CD38 surface expression. In this
case, memory B cells, plasma blasts or plasma cells are
developed after extensive mutation and maturation [12,13].
Memory B cells, expressing both CD19 and the memory
surface marker CD27, are able to reactivate and differentiate
into plasma cells very fast upon a new challenge with their
antigen. Plasma blasts are short-lived antibody-secreting cells
expressing CD19, CD27, CD38 but also the plasma cell marker
CD138. Plasma cells have lost proliferating capacity and are
mostly long-lived antibody-producing cells that no longer
display CD19 but do express CD38, CD138 and CD27.

In healthy individuals, most B cells that populate the
peripheral blood belong to the naive B cell population,
although some circulating memory B cells can be denoted.
The antibody-secreting effector cells move into the target
tissues to eliminate their target cells and consequently cannot
be found in the blood. B cells are rarely found in the CSF of
both healthy persons and patients with a non-inflammatory
neurological disease (NIND) [12].

3. B cell repertoire in MS

As in healthy individuals, B cells in the peripheral blood of
MS patients predominantly display a CD19"CD27~ naive
phenotype [14,15]. The CSF of MS patients and patients with
other inflammatory neurological disorders (OIND) contains
on average 4-5% of CD19™" B cells, opposite to the situation
in healthy persons. Variability in CSF B cell numbers was
seen between patients [12,14,16-18] but the majority were
mature CD197CD27"CD38CD138~ memory B cells. CD19*
CD38Me"CD77+Ki67 Bcl-2~ centroblasts, that normally only
occur in GC in lymphatic tissues [19], were demonstrated in
the CSF [12,15], either as the result of circulating memory B
cell recruitment to the CNS or intrathecal differentiation of
naive B cells. Both processes can be promoted by the ectopic
GC that were identified in the brain meninges of MS patients
[8] and suggest that antibody-secreting cells can be generated
within the CNS.

Plasma blasts (CD197CD387CD138") have also been de-
scribed as an important CSF B cell population. Numbers of
plasma blasts were significantly increased in MS patients and
patients with a clinically isolated syndrome (CIS) when
compared with OIND patients [18]. Furthermore, the number
of mature memory B cells and plasma blasts in the CSF of MS
patients was correlated with intrathecal IgG and IgM produc-
tion, higher disease activity and lesions on magnetic resonance
imaging (MRI), total CSF leukocyte numbers and intrathecal
production of matrix metalloproteinase 9 (MMP-9), and the
homing chemokine CxCL-13 [14,18]. These findings all indicate
that CSF B cells play a role in acute inflammation. Being the most
prevalent antibody-secreting cells in the CSF, plasma blasts are
held responsible for intrathecal IgG production and are
consequently mentioned as main effector B cell population in
acute inflammation in MS [14]. Normally, plasma blasts are
short-lived antibody-secreting cells that rapidly differentiate
into fully mature CD19~CD138™" plasma cells. In MS however
plasma blast numbers remained virtually constant over time
[14], which might demonstrate an antigen-driven chronic B cell
stimulation in the CNS.

Disagreement exists concerning the contribution of CD19™
CD38%CD138* plasma cells to the B cell repertoire in the CSF
compartment. While some studies pointed out very low
numbers of plasma cells [14,18,20], another study demon-
strated a high number of plasma cells in the CSF of MS patients
[15], but in this case only a limited number of MS patients was
used. Anyhow the distribution of plasma blasts and mature
plasma cells in the CSF remains vague, although CD197CD138™
and CD197CD138" cells have recently been shown to be
derived from the same progenitor pool and thus represent
convergent responses [20]. The absence of plasma cells in
the CSF of MS patients could be explained by the fact that
plasma cells migrate to the brain meninges and parenchyma
so they are hard to detect in CSF. Moreover, surface marker
expression profiles have not been entirely clarified for
plasma cells and plasma blasts. Previously, it has even
been shown that CD138 was not expressed on the surface of
plasma blasts and consequently was the only surface marker
allowing to differentiate between plasma cells and plasma
blasts [21]. Thus the phenotypic differences between these
two cell types still have to be determined in detail. Table 1
gives an overview of the different B cell subsets, their surface
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Table 1

Overview B cell subsets in healthy individuals and multiple sclerosis: expression of surface markers and distribution in periphery and CSE.

Naive B cell Memory B cell Plasma blast Plasma cell Centroblast References
Surface markers CD19" CD27 CD19" CD27* CD19" CD27Meh CD19~ CD27"en CD19" CD77" Ki67 " [3,12,14-16,20]
CD38~ CD138~ CD38~ CD138" CD38 " CD138" CD38 " Bcl-2~ CD3ghish
Healthy persons
Periphery aF (+) = = = [15,21]
CSF — — — - — [14,18,22]
Multiple sclerosis
Periphery 4k (+) = = = [14,15,18,22]
CSF - + + +/(+) + [12,14-18,20,22]

+ present; — not present; (+) present in low amounts.

marker expression profiles and distribution among periph-
eral blood and CSF.

4. Identification of B cell target antigens in MS

Multiple candidate antigens have already been identified
in different studies but evidence for their role in the disease
process is still lacking or their involvement is not specific to
MS. Myelin oligodendrocyte glycoprotein (MOG), myelin
basic protein (MBP), proteolipid protein (PLP), myelin-
associated glycoprotein (MAG), phosphatidylcholine and
galactocerebroside (GalC) are all myelin proteins that have
been mentioned as possible autoantigens in MS [2,3,7,23].
Humoral responses to axonal and neuronal antigens, such
as cytoskeletal neurofilament proteins and gangliosides,
have been correlated with disease progression [23]. Viruses
have also been shown to participate in the abnormal
humoral immune response in MS, including Epstein-Barr
virus (EBV), human herpes virus type 6 (HHV-6), cytome-
galovirus (CMV), measles and Chlamydia pneumoniae [7,23].
In addition, some protective antibodies that cause remyeli-
nation and myelin repair have been found, such as
antibodies directed against oligodendrocyte surface antigens
or heath shock proteins [23].

Most studies investigating the specificity of the humoral
immune response have focused on autoantibodies directly by
analyzing reactivity of the antibodies in serum or CSF of MS
patients versus healthy controls or other neurological control
patients. A substantial amount of the candidate autoantigens
mentioned here have been denoted in this way. Serum may
not be the ideal specimen to study autoantibodies in MS
because the oligoclonal immunoglobulins are only present in
the CNS. As a consequence, antibodies that are unrelated to the
disease may hamper the identification of disease-specific
antibodies. CSF can be a useful surrogate for the brain micro-
environment and would therefore be more suitable to study
antibody responses in MS, although CSF may also comprise
some antibodies originating from the serum. However,
relevant autoreactive antibodies may bind to their targets or
to Fc receptors in the CNS tissue, thereby rendering them
undetectable in CSE. An alternative approach to study MS-
related antigens would be to investigate the reactivity of the
clonally expanded B cells in the CSF. Despite low CSF B cell
numbers, several target antigens have already been identified
of which some are described below.

The group of Link performed different studies on B cell
reactivity using an immunospot assay. Nitrocellulose micro-

titer plates were coated with the antigen of interest and
binding of peripheral blood mononuclear cells (PBMC) or CSF
cells to this antigen was detected. When studying CSF cells
and PBMC of 19 MS patients, MBP-reactive CSF B cells were
found in 57% of MS patients while none were present in
peripheral blood. MAG-reactive B cells were indicated both in
CSF and PBMC of MS patients (55% and 11% of patients
respectively) [24]. Furthermore, anti-MOG IgG secreting cells
were demonstrated in the peripheral blood from 8 of 16 MS
patients and in the CSF from 8 of 10 MS patients [25]. Other
studies made use of recombinant antibodies that were
produced from patients' CSF B cells. CD19" or CD138™ cells
from the CSF were single-cell sorted into PCR plates, the
variable regions of the heavy and light Ig chains (Vy and V)
were amplified and cloned into a plasmid vector which was
then expressed in a bacterial expression system. The corres-
ponding recombinant antibodies were ultimately used for
reactivity screenings with immunoprecipitation, Western
blot, ELISA or immunohistochemistry. Lambracht-Washing-
ton and coworkers discovered reactivity of their recombi-
nantly produced antibodies towards MBP, 2’,3’-cyclic
nucleotide 3’-phosphodiesterase (CNPase) and glial fibrillary
acidic protein (GFAP) [26]. On the other hand, von Biidingen
et al. produced 9 recombinant MS antibodies following the
same procedure, and in this case 8 displayed myelin reactivity
and 1 was directed against astroglia [27]. Apart from myelin
binding in MS brain tissue, their targets could not be
identified using several techniques such as costaining with
known myelin antigens on brain tissue in immunohistochem-
istry, Western blot with human myelin or ELISA using
recombinant and native MOG and MBP. In yet another study
from Zhang et al., recombinant antibodies from MS CSF were
produced that demonstrated reactivity to axons with patho-
logic changes in MS brain tissue [28]. The targets were later
identified as triosephosphate isomerase (TPI) and glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) [29].

We have recently adapted the B cell immortalization
technique to study B cell responses in MS, based on CSF and
peripheral blood B cells. This technology was first used in 1977
and consisted of B cell infection with EBV, produced by the
marmoset lymphocyte cell line B95-8, to obtain continually
dividing B cell lines [30,31]. It was unsuccessful due to a low
efficiency of the immortalization, a slow growth rate of the B
cells and sometimes low antibody production. A lot of adjust-
ments have been made to the technology since then, such as
fusion of the EBV immortalized cells with mouse myelomas or
human-mouse heteromyelomas [32,33] or the addition of cell-
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derived growth factors and cytokines [34], but without success.
In 2004, Traggiai et al. published an improved B cell immorta-
lization method based on a combination of EBV and a polyclonal
B cell activator, the CpG oligonucleotide ODN2006, to produce
antibodies with capacity to neutralize SARS coronavirus [35].
Based on this success we developed our own optimized B cell
immortalization procedure to isolate immortalized B cell lines
from the CSF and peripheral blood of MS patients.

Low numbers of total CSF cells or PBMC (500-5000 cells per
well) are infected with EBV in the presence of the CpG
oligonucleotide ODN2006 and interleukin 2 (IL-2) to give
optimal B cell stimulation (Fig. 1). ODN2006 is an unmethylated
DNA sequence capable of stimulating B cells through Toll-like
receptor 9 (TLR9) ligation [36]. The T cell suppressing agent
cyclosporin A (CsA) and irradiated allogeneic PBMC (feeder
cells) are added to the culture. In this way, B cells are
transformed into continually dividing B cell lines, which can
be verified by screening the culture supernatant for the
presence of human IgG using the dot blotting technique. IgG-
positive immortalized B cell cultures are representative for the
enriched B cell populations in vivo and are maintained for
antibody production. Clonality can be examined using a B cell
spectratyping procedure (Identiclone™ IGH gene clonality
assay, Invivoscribe) [37]. Specificity of the antibodies that are
produced by the immortalized B cell lines can be determined

CSF cells

1. Bcell
immortalization
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using a variety of techniques, such as ELISA, immunohisto-
chemistry, immunoprecipitation, Western blotting and cDNA
phage display.

5. Conclusion

B cells have emerged as key players in a lot of autoimmune
diseases, such as MS. The B cell repertoire in the CSF of MS
patients has already been intensively studied. However, the
relative contribution of the different B cell subsets to
intrathecal IgG production and OCB formation still has to be
defined. In addition, the site of CSF B cell activation (periphery,
CNS of both) and the phenotypic differences between plasma
cells and plasma blasts have to be determined in detail.

Specificity of the autoreactive B cells and antibodies remains
unclear despite numerous studies using different techniques.
Most of these studies focused on antibody reactivity by
examining serum or CSF antibodies of MS patients. An
alternative approach is to analyze reactivity of the expanded B
cells in the CNS. We have adapted the B cell immortalization
method for analysis of B cell responses in peripheral blood and
CSF of MS patients. In a next step, the target antigens of the
isolated immortalized B cells can be identified using a spectrum
of techniques. B cell immortalization may also be a promising
alternative for studying humoral responses in general.
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Fig. 1. B cell immortalization procedure. Total CSF cells or PBMC are infected with EBV in the presence of the B cell stimulating factors CpG oligonucleotide and IL-2,
the T cell suppressing factor CsA and irradiated allogeneic PBMC as feeder cells (1). As a source of EBV, the culture supernatant of the B95-8 cell line is used. After
this immortalization phase, cultures are screened for the presence of IgG-positive B cells by dot blot for human IgG (2). As a positive control, purified human IgG is
used in serial dilutions (Co). Positive cultures are maintained for the production of antibodies (3) that later on can be screened and characterized for the

identification of their target antigens (4).
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Take-home messages

Most B cell research in MS focuses on autoantibody production
but the targets of the autoreactive B cells and antibodies remain
unknown. Various candidate antigens have been identified but
their relevance in the disease process is under discussion.
 The B cell population in the CSF in MS consists of clonally
expanded memory B cells, centroblasts and antibody-secret-
ing plasma blasts and plasma cells that are all generated or
sustained within the central nervous system (CNS).
Disagreement exists concerning the contribution of CD19™
CD138*" plasma cells to the B cell repertoire in the CSF.
Phenotypic differences between plasma blasts and plasma cells
have to be determined in detail to clarify their distribution.
Reactivity screening of the clonally expanded B cells in the
CSF of MS patients is very appropriate to investigate their
role in the disease process.

* B cell immortalization is a promising approach to study
humoral responses using EBV to transform B cells into
antibody-producing B cell lines. Specificity of the produced
antibodies can be determined using a spectrum of techni-
ques, such as immunohistochemistry, immunoprecipitation
and (cDNA) phage display.
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