1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
JNeuroimmunol. 2011 April ; 233(1-2): 245-248. doi:10.1016/j.jneuroim.2011.01.010.

Related B cell clones that populate the CSF and CNS of patients
with multiple sclerosis produce CSF immunoglobulin

Birgit Obermeierl2, Laura Lovato34, Reinhard Mentelel:>, Wolfgang Briick®, Ignasi Forne’,

Axel Imhof’, Friedrich Lottspeich®, Katherine W. Turk®8, Simon N. Willis34, Hartmut
Wekerle2, Reinhard Hohlfeld12, David A. Hafler®, Kevin C. O'Connor?, and Klaus
Dornmairl2

Iinstitute of Clinical Neuroimmunology, Ludwig Maximilians University, 81377 Munich, Germany

2Department of Neuroimmunology, Max-Planck-Institute of Neurobiology, 82152 Martinsried,
Germany

3Department of Neurology, Harvard Medical School, Boston, MA 02115, USA

“Department of Neurology, Center for Neurologic Diseases, Brigham and Women’s Hospital,
Boston, MA 02115, USA

SDepartment for Protein Analytics, Max-Planck-Institute of Biochemistry, 82152 Martinsried,
Germany

5Department of Neuropathology, University Medical Centre, Géttingen, Germany
“Laboratory for Protein Analytics, University of Munich, 80336 Munich, Germany
8Tufts University School of Medicine, Boston, MA 02115, USA

°Department of Neurology, Yale School of Medicine, New Haven, CT 06510, USA

Abstract

We investigated the overlap shared between the immunoglobulin (1g) proteome of the
cerebrospinal fluid (CSF) and the B cell Ig-transcriptome of CSF and the central nervous system
(CNS) tissue of three patients with multiple sclerosis. We determined the 1gG-proteomes of CSF
by mass spectrometry, and compared them to the 1gG-transcriptomes from CSF and brain lesions,
which were analyzed by cDNA cloning. Characteristic peptides that were identified in the CSF-
proteome could also be detected in the transcriptomes of both, brain lesions and CSF, providing
evidence for a strong overlap of the 1gG repertoires in brain lesions and in the CSF.

Keywords
multiple sclerosis; B cells; cerebrospinal fluid; central nervous system; oligoclonal bands

© 2011 Elsevier B.V. All rights reserved.

Correspondence should be addressed to K.D.: Department of Neuroimmunology, Max-Planck-Institute of Neurobiology, 82152
Martinsried, Germany; Tel.: +49-89-8578-3566; Fax: +49-89-8995-0164; dornmair@neuro.mpg.de.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our

customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of

the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Obermeier et al.

Page 2

1. Introduction

The role of B cells and antibodies in the pathogenesis of multiple sclerosis (MS) has become
more appreciated (Hafler et al., 2005; Meinl et al., 2006). B cells and their products,
antibodies, are detected in all compartments of the central nervous system (CNS): in the
parenchyma (Ozawa et al., 1994), in the meninges, where they may form germinal-center-
like structures (Serafini et al., 2004), but also in the cerebrospinal fluid (CSF), where
oligoclonal B cell expansions and expanded antibody populations, so-called "oligoclonal
bands" (OCBs), are observed (Baranzini et al., 1999; Colombo et al., 2000; Monson et al.,
2005; Obermeier et al., 2008; Owens et al., 1998, 2009; Qin et al., 1998). We recently
showed that the repertoires of 1gG-proteins and of B cells in the CSF overlap to a great
extent. This provided evidence that the CSF-resident B cells may contribute to the
production of OCB-antibodies (Obermeier et al., 2008). However, it is not clear if CSF B
cells are the exclusive source of OCB antibodies as we recently learned that the MS CNS
harbors a B cell network of clonally related B cells that populate both the CSF and distinct
regions of the CNS (Lovato et al., in press).

We here asked the question to what extent the CSF 1gG-protein repertoire, i.e. the CSF-
proteome, is derived from the B cell receptor repertoires, i.e. the transcriptomes, of CSF and
of parenchymal brain lesions. The starting point of this analysis therefore was the analysis of
the 1gG-protein repertoire from CSF by mass spectrometry. We then compared this
repertoire to the 1gG-transcriptome repertoires from CSF and CNS tissue, which we
determined in parallel experiments by cDNA cloning. These data demonstrate that B cell
clones are often shared between the CSF and CNS tissue and that these clones produce
immunoglobulins present in the CSF.

2. Materials and Methods

2.1 Clinical samples

2.2 Analysis

CNS tissue was collected at autopsy from two patients with clinically defined MS (MS-4
and MS-B2A) at the Department of Pathology at Brigham and Women’s Hospital. White
matter lesions (plaques) were macroscopically identified, dissected, and immediately snap-
frozen. Because of initial diagnostic uncertainty a brain biopsy was performed on patient
L-296 revealing an inflammatory demyelinating process consistent with MS. The CSF of
MS-4 and MS-B2A was removed post-mortem and centrifuged. The CSF of case L-296 was
taken during routine diagnostic work-up of the patient. The IgG quotients
IgGI=[1gG]CSFx103/[IgG]%e™™ were MS-4: 19.3, MS-B2A: 11.9, and L-296: 8.1. Al
isolated cell pellets, supernatants, and brain tissue specimens were stored at —80 °C. See
Supplementary Methods for clinical details. The study was approved by the human research
internal review boards of the Ludwig-Maximilians-University, Munich, the Georg-August-
University, Goéttingen, and Partner’s Healthcare.

of the CSF IgG proteome

IgG antibodies from CSF supernatant were purified as described (Obermeier et al., 2008)
with minor modifications: 1gG-molecules were deglycosylated after purification by Protein
G, we used the OFFGEL Fractionator (Agilent, Béblingen, Germany) for isoelectric
focusing, and we further separated 1gG-chain by non-reducing SDS-PAGE to separate
Heavy and Light chain complexes and free chains. See Supplementary Methods for details.
Mass spectrometric analysis of brain-resident 1IgG was not possible due to insufficient
amount of autopsy material. Patient-specific IgG-transcriptomes obtained by cDNA cloning
served as databases for the identification of peptide masses using the program MASCOT
(Matrix Science, London, UK) (Obermeier et al., 2008).
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2.3 Analysis of the IgG-transcriptomes from CSF and brain lesions by cDNA cloning

For patients MS-4 and MS-B2A, B cell IgG variable region libraries were built from tissue
sections prepared on a cryostat. RNA was extracted from tissue sections 8- to 15-um thick
using the Absolutely RNA Nanoprep Kit (Stratagene, Cedar Creek, TX) according to the
manufacturer’s instructions. From the total RNA, cDNA was synthesized and human IgG
variable region genes were amplified as described (Willis et al., 2009). A fraction of the
heavy chain data from patient MS-4 is also included in the study of Lovato et al. (Lovato et
al., in press). For patient L-296 we isolated total RNA as described (Chomczynski and
Sacchi, 1987) and generated 1gG-H and -L chain transcriptomes (Obermeier et al., 2008). In
addition we used the 1gG2-specific primer HG-CH2-aal5-21-rev-in (5°-
AGGGCGGCTGTGCTCTCG) in the second round of nested PCR.

2.4 PCR analysis of formaldehyde fixed brain tissue samples

3. Results

We deparaffinated 80 sections of 10 um thickness (1.5 mm diameter) using the High Pure
FFPE RNA Micro Kit (Roche, Mannheim, Germany). We transcribed RNA into cDNA
(Obermeier et al., 2008) and amplified the IgG-chains by two subsequent rounds of semi-
nested PCR steps for 40 cycles each of 30 s at 94 °C, 30 s at 53 °C (15t PCR) and 55 °C (2"
PCR) and 30 s at 72 °C. Primer sequences are listed in Supplementary Table 1.

To analyze the 1gG-proteome from CSF, we separated OCBs from CSF of three MS patients
by non-reducing two dimensional gel-electrophoresis, isolated Heavy and Light IgG-chains
(1gG-H and 1gG-L) from the gels (Supplementary Fig. 1) and subjected them to MALDI and
ESI mass spectrometry. For more than 50% of the peptides we could verify the sequences by
tandem mass spectrometry. We then aligned the peptides to patient-specific IgG-transcript
databases that were obtained independently from CSF and from CNS lesions by PCR-
amplification, cloning, and sequencing of 1g-H-, k-, and A-chain transcripts (Willis et al.,
2009). All transcripts from patients MS-4, MS-B2A, and L-296 are listed in Supplementary
figs. 2, 3, 4. In these lists we highlighted the peptides, which we identified by mass
spectrometry. We distinguish two fundamentally different types of peptides: peptides that
contain only germline sequences, and “characteristic” peptides, i.e. peptides that contain
amino acids, which were introduced by somatic hypermutation or comprise the CDR3
region. The characteristic peptides are therefore unique to each individual patient
(Obermeier et al., 2008). Accordingly, we further considered only characteristic peptides. To
determine the degree of overlap between the CSF 1gG-proteome and the IgG-transcriptomes
from CSF and CNS of patients MS-4 and MS-B2A, we counted the CSF- and CNS-
transcripts that contained matching characteristic peptides (Fig. 1). We found that CSF IgG-
proteomes of both patients covered to high percentages the transcriptomes from both, CSF
and CNS. The overlaps were better for the H-chains than for the L-chains. The CSF IgG-
proteome of patient MS-4 (Fig. 1, left panel) covered 84% of all identified CSF 1gG-H
chains and 77% of the CNS 1gG-H chains. Of note, we identified 3 different H-chain
sequences that were shared by 8 transcripts from both the CSF and distinct CNS lesions,
where the entire transcript sequences were completely identical, and where we in addition
could identify characteristic peptides. They belong to the V-H chains 1-02/b (two lesions
and CSF), 2-05/b (one lesion and CSF), and 3-48/c (two lesions and CSF) (Supplementary
Fig. 2A). The analysis for the IgG-L-chains from patient MS-4, and the 1gG-H-chains from
patient MS-B2A (Fig. 1, right panel), also showed considerable overlap of proteomes and
transcriptomes between 39% and 67%. The 1gG-L-chain overlap from patient MS-B2A was
lower, because most identified peptides contained germline sequences (Supplementary Fig.
3B,C). The overlaps were decreased in patient MS-B2A compared to MS-4, presumably due
to its lower 1gG-quotient.
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To analyse the CNS sample of patient L-296 we had to modify the protocol, because the
biopsy sample was formaldehyde-fixed, which only allows amplification of short PCR-
products. Therefore, we aligned the CSF-proteome only to the CSF-transcriptome, and then
searched for relevant transcripts in the CNS-specimen by clone-specific PCR. To this end
we modified the protocol for CSF-transcript analysis so that we could identify expanded B
cell populations (Obermeier et al., 2008). We generated a large database comprising 383
independent 1gG-H and 1gG-L clones from CSF B cells. Three H-chains (VH4-39/b,
VH4-59/i, VH3-74/b), one k- (VkI-O2/b) and one A-chain (VA3-h/e) were overrepresented
(Supplementary Fig. 4). For these chains we designed clone-specific primers to amplify
short, characteristic sequence fragments directly from the formaldehyde-fixed brain
specimens. For two chains, VH4-59/i and VkI-O2/b, we obtained two different independent
PCR products that contained the correct sequences (Fig. 2). This shows that these transcripts
were present in both compartments, CSF and CNS lesion.

4. Discussion

We found strong overlaps of the CSF IgG-H and Ig-L-chain proteomes with the Ig-
transcriptomes from CSF and from brain lesions. This means that the antibody repertoire
present in the CSF reflects Ig-transcripts of B cells populating both compartments. Our data
therefore confirm our previous study where we showed a strong overlap between CSF-
proteome and CSF-transcriptome (Obermeier et al., 2008), providing evidence that CSF-
resident B cells produce CSF-resident antibodies. Here we extend this finding, showing that
CNS-resident B cells that are shared between the CSF and CNS synthesize antibodies that
can be detected in the CSF. Collectively, at least for the three patients studied here, these
data provide direct evidence that B cells and 1gGs in the CSF to a large extent accurately
represent those components present at the site of tissue damage, the CNS lesion. Although
we do not have direct experimental evidence for obvious reasons, we speculate that a
considerable fraction of the antibodies and B cells found in CSF may have been flushed out
or migrated from the brain parenchyma or the meninges.

We identified several clonal variants, which differed only at positions that may be regarded
as irrelevant for antigen recognition (i.e. outside the CDR regions). Such clones may
therefore be functionally identical (Supplementary Figs. 2 and 3). Such functionally
pervasive clones, which may be detected in different brain regions, have recently been
demonstrated for T cell populations in multiple sclerosis brains (Junker et al., 2007), and
most recently also for B cells (Lovato et al., in press). This indicates that the repertoires of T
cells and B cells in different compartments, including the CSF, are structured in a similar
manner.

As expected (Baranzini et al., 1999; Colombo et al., 2000; Monson et al., 2005; Obermeier
et al., 2008; Owens et al., 1998, 2009; Qin et al., 1998), all transcripts and most peptides
show features of antigen-driven responses, because they carry extensive somatic
hypermutation. A number of antigens recognized by CSF samples have been described
(Kanter et al., 2006; Robinson et al., 2003), but the specific antigens of recombinant
antibodies that represented matching H- and L-chains from single cells have so far not been
identified (Owens et al., 2009; von Budingen et al., 2008). Further, specific antibodies
directed against CNS antigens (O’Connor et al., 2005; Warren and Catz, 1991) were isolated
directly from MS brain tissue. Our study shows that the CSF proteome mirrors to a large
extent the 1gG-transcriptome of inflamed CNS tissue, at least in the patients studied here.
Therefore, analysis of the antigens of CSF derived antibodies provides a direct link to site of
tissue pathology in the inflamed brain. Many of the antibodies detected in CSF belong to the
IgG family, are activating complement, and contain somatic hypermutations. All these
features indicate sustained exposure to specific antigens. CSF may therefore a valuable
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source for detecting brain-antigens that are directly involved in MS-pathogenesis in near
future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Overlaps of CSF-proteome with the transcriptomes from CNS and CSF of patients MS-4
and MS-B2A.. 1gG-transcriptomes from CNS lesions and CSF were obtained by cDNA
cloning. Proteome data were obtained by analyzing purified 1gG antibodies from CSF by
mass spectrometry. Repertoires were considered as overlapping when at least one
characteristic peptide matched to the corresponding transcript. Characteristic peptides carry
somatic hypermutated amino acids, or amino acids introduced by VDJ-recombination.
Transcripts fulfilling this condition were attributed to the overlapping populations of CNS
lesions (dark bars) and CSF (light bars). Their numbers relative to all detected characteristic
peptides are given in percent. Transcripts that were found at different morphologically
distinct brain lesions were counted independently. The left panel shows the overlaps of Ig-H
and Ig-L chain repertoires from patient MS-4. The right panel shows the overlaps of Ig-H
and Ig-L chain repertoires from patient MS-B2A. Here we identified less characteristic
peptides, because most of the peptides identified by mass spectrometry derived from
germline coded sequences.
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Figure 2.

Detection of overlapping transcriptome of CSF and brain lesion by clone-specific PCR using
a formaldehyde-fixed biopsy sample from patient L-296. We determined clonally expanded
B cells from CSF by cDNA cloning and then searched for identical clones in the lesion
using clone-specific primers. The putative positions of the CDRs are shown as bars.
Nucleotides and the respective amino acids that were exchanged by somatic hypermutation
are displayed in red letters. We found identical sequences in CSF and the brain lesion for
Heavy chain VH4-59/i (A) and Kappa chain VkI-O2/b (B). In brackets we indicate the
degree of clonal expansion: the chain VH4-59/i was identified 17 times out of 106 analyzed
IgG1 clones and VkI-O2/b was found 102 times out of 116 analyzed k-chain clones. Arrows
indicate the primer positions of the inner PCR primers. For each chain we amplified two
independent sequences at different areas in the chains. The areas were chosen so that the
primers ended with nucleotides introduced by somatic hypermutation, and that the amplified
sequences contained additional somatically mutated nucleotides. PCR products were
separated by gel electrophoresis (right panel), excised from the gels and analyzed by
sequencing. All indicated VH4-59/i and VkI-O2/b sequences could be confirmed.
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