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ABSTRACT

Objective: We have previously shown altered blood B cells in the
first attack blood samples of clinically isolated syndrome (CIS) pa-
tients, who converted to multiple sclerosis (MS). Our aim was to
investigate levels of B cell receptor (BCR)-associated genes expres-
sion in converting CIS (CIS-c) and non-converting CIS patients (CIS-
nc) with a 5-year follow-up.

Methods: Seven CIS-c patients, 12 CIS-nc patients and 10 age-
sex matched healthy donors were enrolled in this study. RNA was
extracted from frozen peripheral blood cells of subjects that were
obtained in the first attack using a RNA isolation kit. Expression
levels of B-cell adaptor protein with ankyrin repeats 1 (BANK1),
B lymphocyte kinase (BLK) and Fc receptor-like protein 2 (FCRL2)
genes were evaluated samples by real-time polymerase chain re-
action (RT-PCR).

Results: CIS-nc patients showed elevated BANK1, BLK and FCRL2
gene expression levels as compared to CIS-c patients and healthy
controls.

Conclusions: Expression levels of the genes that inhibit BCR signal-
ing are increased in CIS-nc, suggesting that inhibiting exaggerated
B cell response by optimization of B cell proliferation may prevent
the progression of clinically isolated syndrome to MS.
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Amag: Daha onceki calismalarimizda, multipl skleroza (MS) do6-
niisen klinik izole sendrom (KiS) olgularinin ilk atakta alinan kan
orneklerinde periferik kan B hiicre diizeylerinin degistigini goste-
rilmistir. Bu calismada bes yillik takipte MS'e doniisen ve doniisme-
yen KiS olgularinda B hiicre reseptér (BHR) iliskili genlerin ekspres-
yon diizeylerinin arastirilmasi amaclanmistir.

Yontem: Yedi MS'e déniisen, 12 MS'e déniismeyen KiS olgusu ile
yas ve cinsiyet acisindan eslestirilmis 10 saglkli dondr calismaya
dahil edildi. ilk atak déneminde elde edilen donmus periferik kan
monontkleer hiicrelerinden (PKMH) RNA izolasyon kiti kullanilarak
total RNAlar izole edildi. Orneklerden gercek zamanli polimeraz
zincir reaksiyonu (RT-PCR) yontemi ile ankrin tekrarl B-hiicre adap-
tor proteini (BANK1), B lenfosit kinaz (BLK), Fc reseptdr benzeri pro-
tein 2 (FCRL2) genlerinin ekspresyonlari degerlendirildi.

Bulgular: MS'e déniismeyen KIS olgularinda BANK1, BLK ve FCRL2
gen ekspresyon diizeyleri MS'e déniisen KIS olgular ve saglkh
kontrollere kiyasla artmis olarak saptandi.

Sonug: BHR sinyalizasyonunu inhibe eden gen ekspresyonlarinin
MS'e dénlismeyen olgularda artmasi, abartili B hiicre yanitinin B
hiicre proliferasyonunun optimize edilmesi yoluyla baskilanmasi-
nin KiS'ten MS'e ilerleyisi engelleyebilecegini diisiindirmustir.
Anahtar Kelimeler: Klinik izole sendrom, multipl skleroz, B hiicre
reseptori, BANK1, BLK, FCRL2
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INTRODUCTION

Multiple sclerosis (MS) is a disabling autoimmune central ner-
vous system disease characterized by myelin loss, axonal de-
generation that affects mostly young adults (1). Although it
has been long implicated that myelin’s antigen specific T cells
are the main drivers of MS pathology, recent studies showed
that B cells also have crucial roles in the disease mechanism
(2).

Due to the presence of meningeal B cell follicles in the brains
of patients with the secondary progressive form of MS and the
effectiveness of drugs targeting B cells, it is perceptible that ab-
normal activation of B cells may be a part of MS pathogenesis
(3). T cell counts as well as the IFN-y and IL-17 levels are found
to be decreased in MS patients after treatment with anti-CD20
monoclonal antibodies, compared to pretreatment levels. This
finding suggests that B cells may contribute to MS pathogen-
esis through an antibody-independent mechanism of action,
such as presenting antigens to T cells or regulating cytokine
production (4).

Clinically isolated syndrome (CIS) is seen in approximately
85% of MS patients, and about 60% of them convert to clin-
ically definitive MS (CDMS) in 20 years (5). B cell counts and
levels of B-cell chemo-attractant CXCL13 are increased in the
cerebrospinal fluid (CSF) of CIS patients indicating the pres-
ence of prominent B cell activation in the early phase of MS
(6). In a previous study, we demonstrated that the total B cell
counts in the blood samples of CIS patients, who converted
to CDMS (CIS-c) were lower compared to non-converting CIS
patients (CIS-nc). On the other hand, CIS-nc patients showed
reduced frequencies of plasma cells and memory B, produc-
tion of which requires B cell receptor (BCR) signaling pathway
activation (7).

We previously showed through transcriptome studies that B
cell related genes differently expressed between benign and
non-benign MS patients. Bioinformatics analysis and clinical
correlations suggested that B lymphocyte kinase (BLK), B-cell
adaptor protein with ankyrin repeats 1 (BANK1) and Fc recep-
tor-like protein 2 (FCRL2) expression levels could be related
with prognosis (Turkoglu et al., unpublished data). BLK is a
tyrosine kinase that plays an important role in early B cell de-
velopment and interacts with BANK1, an adaptor protein that
involves in germinal center formation (8,9). FCRL2 is an immu-
nomodulatory protein that inhibits B cell receptor signals and
is expressed in transformed B cells (10). Thus, we selected these
genes for evaluation of B cell related factors in conversion from
CIS to CDMS.

In this study, our aim was to investigate the significance of
BCR activity in conversion from CIS to MS through compara-
tive measurement of the peripheral blood expression levels
of B cell factors that are involved in BCR signaling pathway
activation.
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MATERIALS AND METHODS

Subjects

Twelve CIS-nc patients, who did not convert to CDMS in a five-
year follow-up, seven CIS-c donors, who converted to CDMS in
the same follow-up duration and 10 age-sex matched healthy
controls (HC) with no history of prior inflammatory disease
were included. CIS was defined as the first demyelinating at-
tack and conversion from CIS to CDMS was determined accord-
ing to revised McDonald Criteria (11). Patients who received
immunosuppressive treatment in the last 3 months or had
another coexisting disease, were excluded. Clinical evaluation
was performed and the expanded disability status scale (EDSS)
scores were determined. Oligoclonal 1gG bands (OCB) were
evaluated in patient groups.

Patients were followed up every 6 months for five years by the
same neurologist and whenever a relapse was suspected

Written informed consent was approved by all participants and
the study was approved by Istanbul University, Istanbul Faculty
of Medicine, Clinical Research Ethical Committee with the pro-
tocol ID of 2012/153937 in 2012.

RNA isolation, cDNA synthesis and real-time polymerase
chain reaction (RT-PCR)

Blood samples were collected 4 weeks after the first attack,
while patients were not using any medications including im-
munosuppressive and immunomodulating drugs. Peripheral
blood mononuclear cells (PBMCs) were isolated from blood
and cryopreserved in storage solution until use (density gradi-
ent centrifugation).

The total RNA was extracted from the frozen PBMCs of subjects
using a RNA isolation kit (Qiagen, RNeasy Plus Mini Kit, Hilden,
Germany) according to the manufacturer’s instructions. The
cDNA was synthesized by using a SCRIPT cDNA Synthesis Kit
(Jena Bioscience, GmbH, Frankfurt, Germany) as per manufactur-
er'srecommendations in T100™ Thermal Cycler (Bio-Rad Labora-
tories, Inc,, CA, USA) as followed cycle conditions: 10 minutes at
42°C, 60 minutes at 50°C, and 10 minutes at 70°C. The cDNA sam-
ples were diluted as the final concentration would be 200 ng/pl.

The RT-PCR assay was performed on a Lightcycler® 480 Il In-
strument (Roche Applied Science, USA) by using LightCycler®
480 SYBR Green | Master. The optimal program of the RT-PCR in-
cludes an initial pre-incubation at 95°C for 8 minutes, followed
by 45 cycles of amplification at 95°C for 15 s, primer-dependent
°C (57-63) for 60 s, 72°C for 20 s. A melting step was performed
at the end of the ampilification using the following cycling pa-
rameters: 95°C for 5 s, 65°C for 60 seconds and continuous at
95°C. Primers designated for BANK1 (F: 5'-GTTCAGACCCCG-
CACATATT-3" and R: 5-CCTTCCCCTTCCATTTCATT-3’), BLK (F:
5-TAGATCACAGGGTCGGAAGG-3'and R: 5'-GGCAGCGGATCT-
TATAGTGC-3'), FCRL2 (F: 5'-CTCTGGGGACTGTTTGGTGT-3' and
R: 5-GGTTGGGCTTGAATAGGTGA-3') and as a housekeeping
gene GAPDH (F: 5'-CCATCAATGACCCCTTCATT-3') and R: 5'-TT-
GACGGTGCCATGGAATTT-3’). The relative mRNA expression
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was measured using the simplified comparative threshold cy- — BANK1
cle delta, cycle threshold method. 6
p = 0.0402

A melting curve analysis was obtained at the end of the cycles ' '
and cycle threshold values were calculated from the system 24 p=00871

(&)
software. E IR o
Statistical analyses Ll L 5 5 o
SPSS 20 software was utilized for statistical analysis and o —‘—'j‘— § ° g
graphs were performed using GraphPad Prism software. The 0 ’ .. ?
significance levels of clinical and demographical findings and CIS-nc ClS-c HC
expression levels of the genes were calculated using the Kru-
skal-Wallis or Mann-Whitney U tests, as required. Categorical 3f=°'°2“ BEK
parameters were compared by using the Chi-square test. Cor- p=00131
relation analysis was done with Spearman’s test.

2 e p=0.0055
RESULTS g ¢
Clinical and demographic findings " 1 :* 0.9
. . ¢ (o)

There was no difference in EDSS scores, age, or gender among s* ¢ 0O
the study groups. Since CIS-nc patients displayed only one at- N o* T
tack in 5 years, CIS-c patients had inadvertently significantly ~ CIS-nc CIS-c HC
higher total and annual number of attacks than CIS-nc patients.
Although the prevalence of OCB positivity and the number of sf=°-018 FCRL2
MS lesions were statistically comparable, CIS-c patients showed
trends towards displaying a higher ratio of OCB positivity and . p=0.003 '
brain lesions. Clinical and demographical characteristics of par- 4-
ticipants were demonstrated in Table 1. g .

& .
B cell genes’ expression levels 21 ’; . L
CIS-nc patients showed trends towards exhibiting elevated ex- PR —— oo,
pression levels of all three B cell-associated genes. BANK1 ex- o . *I‘ o
pression (p=0.074) was significantly higher in CIS-nc patients CIS-nc Cisc HC
than HC (p=0.040) and showed trend significance compared to Figure 1. Comparison of relative expression levels of B cell
CIS-c patients (p=0.097). BLK gene expression levels were sig- specific genes in study groups. Short horizontal lines indicate
nificantly higher (p=0.024) in CIS-nc patients in comparison to mean values. p value on the upper left corner is obtained by
CIS-c patients (p=0.013) and HC (p=0.005). CIS-nc patients also Kruskal-Wallis test, whereas p value over the long horizontal
showed significantly higher (p=0.018) FCRL2 expression levels line is obtained by two-group comparisons using Mann-
than HC (p=0.003) but not CIS-c patients (p>0.1). There were no Whitney U test. CIS-nc: Non-converting clinically isolated
correlations between gene expression levels and clinical and syndrome, CIS-c: converting clinically isolated syndrome, HC:
demographical parameters of CIS-c and CIS-nc patients (data Healthy contro!. Note tha.t op!y significant p values (p<0.05)
not shown). and p values with trend significance (p<0.1) were denoted.

Table 1. Clinical and demographical characteristics of healthy controls and CIS patients at the 5th year of follow-up.

CIS-nc (n=12) CIS-c (n=7) HC (n=10) p value
Gender (Female/Male) 9/4 5/2 7/3 0.994
Age (meanxSD) 39.83+3.0 38.14+2.58 41.70+4.27 0.315
EDSS (mean+SD) 1.42+0.56 1.29+0.27 NA 0.967
Total number of attacks (mean+SD) 1.00+0.00 2.14+0.82 NA 0.008
Annual number of attacks (mean+SD) 0.20+0.00 0.68+0.44 NA 0.005
OCB (pattern 2 or 3) positive/negative 7/5 6/1 NA 0.215
Number of MS lesions on MRI 3.42+3.75 8.86+9.26 NA 0.173

CIS-nc: Non-converting clinically isolated syndrome; CIS-c: Converting clinically isolated syndrome; HC: Healthy control; EDSS: Expanded disability status scale scores;

OCB: Oligoclonal band; MRI: Magnetic resonance imaging; NA: Not applicable; SD: Standard deviation. Significant p values were denoted with bold characters
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DISCUSSION

In our previous study, we showed that the most significant
peripheral blood B cell subset differences between CIS-c and
CIS-nc were observed in effector B cells (7). In this study, we
investigated the expression of the genes, which regulate BCR
signaling, and found that CIS patients with increased baseline
expression levels of FCRL2, BLK, and BANK1 were less likely to
develop CDMS in a five-year follow-up duration. Our results
show that peripheral blood expression levels of certain genes
may predict prognosis after a single demyelinating attack. To
our knowledge, this type of association between these genes
and MS has been shown for the first time.

The next question was whether altered expression of these
genes prevented MS conversion through suppression of BCR
and thus decreased production of effector memory phenotype
of B cells and plasma cells. B cell antigen receptor mediated sig-
nals are crucial for survival, proliferation, and development of
B cells and regulated by activator and inhibitor signals. Defects
of BCR signaling can cause a predisposition to autoimmune
disorders (12). BANK1 is an adaptor protein recently found to
be related to the BCR-associated calcium homeostasis and is
expressed in immature, mature, and marginal zone B cells but
could not be detected in CD3*T cells, dendritic cells, and mac-
rophages (9). It has been shown that BANK1 attenuates CD40
mediated B cell activation thereby preventing exaggerated B
cell responses (13).

Phosphorylation of BANK1 protein after BCR stimulation is
provided by its interaction with phospholipase C gamma 2
and BLK, a kinase belonging to the Scr family and primarily
expressed in B cells and thymocytes (14,15). Although the role
of the BLK protein in humans has not been fully elucidated,
its association with autoinflammatory/autoimmune diseases
such as systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA) suggests that alteration in BLK expression may
cause changes in tolerance mechanisms in B cells (16). Since
most of the disease-related BLK haplotypes are correlated with
a decrease in BLK expression, lower levels of BLK confer risk for
autoimmunity (17).

Another regulator of the BCR signaling pathway is FCRL2, a
new member of the immunoglobulin superfamily dominantly
expressed by memory B cells, mature B cells, germinal center B
cells; slightly expressed in immature bone marrow and plasma
cells and contributes to the autoimmune pathogenesis (18).
It has been shown to suppress the BCR signaling through the
activation of “Src homology region 2 domain-containing phos-
phatase-1” (SHP-1) (19). Mutations in the FCRL2 genes were
found to be associated with SLE, insulin-dependent diabetes,
and have indicated an immunomodulatory role of FCRL2 (20).
Consistent with our findings, FCRL was found to be downreg-
ulated in PBMCs of MS patients with high neurodegeneration
signs on magnetic resonance imaging (MRI) (21). In view of
these findings, our results imply that a compensatory increase
of BANK1, BLK and FCRL2 expressions might be inhibiting BCR
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signals and thus preventing conversion of CIS to CDMS through
suppression of exaggerated B cell responses.

Among the limitations of the study, we could not isolate B cells
from peripheral blood due to the amount of the blood sam-
ples from patients, since our B cellimmunophenotyping results
were not different in terms of B cell ratios between patients and
healthy subjects (11.87% for CIS vs. 8.37% for RRMS vs. 8.37 for
HC) (7), we evaluated gene expressions in PBMC samples by
RT-PCR. The other limitation of our study was a low sample size
due to the drop-out of patients who did not regularly attempt
follow-up visits.

CONCLUSION

Our findings suggest that B cells may play an essential func-
tion in the conversion of CIS to CDMS, and the increase in the
expression of B cell regulating genes might prevent this con-
version. Meanwhile, evaluating the expression of these genes
for the disease in isolated B cells could provide a more specific
inference. Also, investigation of potential genetic variants of
these genes in MS is warranted. BCR inhibition might be a po-
tential therapeutic target to prevent CIS-MS conversion.
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