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ABSTRACT

Objective: Multiple Sclerosis (MS) is a progresive and an immune
mediated inflammatory central nervous disease. The focus of this
study was to determine the possible relationship between B cell
immunophenotypes and related gene expressions in the benign
MS (BMS) group with disease and cognitive processes.

Material and Method: Twenty BMS patients, 16 non-BMS and 28
healthy volunteers were included in the study. Gene expression
was performed by real-time PCR (RT-PCR). Immunophenotyping of
peripheral B cells was also evaluated by flow cytometry. The rela-
tionship between cognitive functions and gene expression levels
and B cell subtypes was investigated.

Results: It was observed that naive (CD19* IgD*CD27) cells were
higher in the BMS group compared to the healthy group (HC),
and memory B cells showed opposite changes. Un-switched
memory B cells(CD19*IgD*CD27*) were found to be higher in the
benign group than in the HC. The expression of BANK and BLNK
was found to be lower in both MS groups than in the HC. As a
result of neuropsychological examinations and cognitive tests; it
was observed that motor processes in BMS were better protected
than Non-BMS.

Conclusion: These findings support that B cell functions may
have molecular and cellular effects, and may lead to regression in
inflammation and clinical progression. Molecules showing signifi-
cant changes in our study may play a role as prognostic biomarkers
in MS.

Keywords: Benign Multiple Sclerosis, B cell,immunophenotyping,
gene expression
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Amag: Multipl Skleroz (MS), aksonal dejenerasyona, demiyelini-
zasyona ve inflamasyona bagli gelisen, merkezi sinir sistemini et-
kileyen progresif bir hastaliktir. Bu calismada benign MS (BMS) gru-
bunda periferik kan B hiicre immiinofenotiplerinin ve B hiicresi ile
iliskili gen ekspresyonlarinin hastalik ve bilissel stireclerle iligkisinin
arastirilmasi hedeflenmistir.

Gereg ve Yontem: Yirmi BMS hastasi, 16 benign olmayan MS (Non-
BMS) hastasi ve 28 saglikli gondlli calismaya dahil edildi. Daha
once periferik kan hicrelerinde yapilan gen mikroarray calismasi
ile gruplar arasinda ekspresyonu degisikligi gézlenen genlerin va-
lidasyonu gercek zamanh PZR ile yapildi. Periferik B hiicrelerinin
immunofenotiplemesi akim sitometrisi ile degerlendirildi. Bilissel
fonksiyonlar ile gen ekspresyon seviyeleri ve B hiicre alttipleri ara-
sindaki olasi iliski arastirildi.

Bulgular: Naif (CD19* IgD*CD27") B hucrelerinin BMS grubunda
saglikhlara gore yuksek oldugu, hafiza B hicrelerinin zit yonde
degisiklik gosterdigi gozlendi. Donlismemis hafiza B hiicreleri-
nin (CD19*IgD*CD27*) ise benign grupta saglkllara gore yiiksek
oldugu belirlendi. BANK ve BLNK gen ekspresyonlari her iki MS
grubunda da sagliklilardan distk olarak belirlendi. Noropsikolojik
incelemeler ve kognitif testler sonucunda, BMS'te motor stireclerin
Non-BMS'ye gore korundugu gozlendi.

Sonug: Bu bulgular B hiicresi islevlerinin molekdler ve hiicresel et-
kileri olabilecegi ve inflamasyon ile klinik progresyonda gerileme-
ye yol acabilecegi yonuindeki gorusleri desteklemektedir. Degisik-
lik gosteren molekdllerin MS hastaliginda prognostik biyobelirte¢
olarak rol oynamasi da mumkinddir.

Anahtar Kelimeler: Benign Multipl Skleroz, B hiicresi,immiinfeno-
tipleme, gen ekspresyonu
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INTRODUCTION

Multiple sclerosis (MS) is a multifactorial chronic demyelinating
disease that affects the patient’s quality of life, and the exact
cause of disease is unknown. It is a disease characterized by
repetitive demyelination in the central nervous system (CNS),
with autoimmunity in the pathophysiology (1). Although the
pathogenesis of MS is not fully known, migration of autore-
active lymphocytes through the blood brain barrier into the
CNS is thought to initiate the inflammation process (2). Clinical
subtypes of MS; attacks (RRMS), primary progressive (PPMS),
secondary progressive (SPMS), progressive-recurrent and be-
nign MS (BMS) are classified as (3). BMS is a retrospective di-
agnosis characterized by low lesion burden on MRI, which is
characterized by rare attacks without serious sequelae. Patients
with EDSS scores < 3-15 years after the onset of the disease are
considered BMS (3, 4). Although a relatively slow progression is
observed in the somatic neurological findings of BMS patients,
other nervous system functions may be severely impaired (5).

T lymphocytes have played a major role in MS immunopatho-
genesis until recently. Autoreactive T lymphocytes and anti-
bodies that develop against CNS elements in MS cases play a
role in the formation of tissue lesion and inflammation, and T
lymphocytes react to myelin by causing demyelination (6, 7).
However, recent studies also have shown the importance of B
cells in the pathogenesis of MS. There is evidence that B cells
have different effects other than antibody production, such
as antigen uptake and presentation, stimulation of T lympho-
cytes, cytokine, chemokine and neurotropic factors. Treatment
approaches for the removal of antibodies from the circulation
leads to improvement in MS, and is an indication that B cells
play an active role in the pathogenesis of the disease (7). The
fact that monoclonal antibody-based treatment methods tar-
geting B cells are effective in stopping the progression of the
disease suggested that B cells also play a role in the develop-
ment of disability (8, 9).

Cognitive impairment is frequently seen in MS and affects 70%
of patients. Cognitive functions are affected in the late and ear-
ly stages of the disease (including clinically isolated syndrome),
and impairments in the course of the disease may occur. There
are many studies showing that cognitive findings deteriorate
in BMS cases (5).

The aim of our study was to evaluate the role of peripheral
blood B cells in the BMS group, which had not previously been
studied in the literature. Immunophenotyping of B cells and
their subgroups (plasma, plasmablast, naive, memory and reg-
ulatory), and expression of genes associated with B cells, are
aimed to determine the possible relationship with cognitive
processes. In light of this information, the goal of this research
was to determine the importance of B-cell immunopheno-
typing in BMS and the importance of B-cell-related genes in
expression analysis, and the possible relationship of MS sub-
groups to cognitive processes.
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MATERIAL AND METHOD

Study Groups

A total of 36 multiple sclerosis patients (BMS, n=20 and non-Be-
nign MS (Non-BMS), n=16), who were followed up from the Mul-
tiple Sclerosis Outpatient Clinic of Neurology Department of Is-
tanbul Medical Faculty, and age/sex-matched healthy individuals
as the control group (n=28) were included in the study. All pro-
cedures performed in studies involving human participants were
in accordance with the ethical standards of istanbul University,
istanbul School of Medicine, Clinical Research Ethical Committee
(Project Number 2018/449). Participants were selected from pa-
tients who were over 18 years of age, diagnosed according to the
revised McDonald criteria for 2017, and had no attacks in the last
three months, and the healthy control group was selected from
participants who were over 18 years of age, had no neurological
and autoimmune disorders, had no infectious diseases in the last
3 months, and had not used immunosuppressive drugs (Table 1).

Isolation of Peripheral Blood Mononuclear Cells

Peripheral blood mononuclear cells (PBMC) were isolated us-
ing the gradient method. For this purpose, donor blood collect-
ed in EDTA containing tubes was diluted with the same volume
of phosphate buffered saline (PBS) and added slowly to Ficoll
(Lympho-paque). Tubes were centrifuged at 3000 rpm for 20
minutes at 20°C with brake. In the resulting cell gradient, the
mononuclear cell layer was collected, centrifuged at 1800 rpm
for 10 minutes at 4°C by adding the same volume of PBS and
the supernatant was removed. The viability of the cells was de-
termined by trypan blue and freezed in -80°C with 1x10° cells in
fetal bovine serum (FBS) with 10% Dimethyl sulfoxide (DMSO).

Immunophenotyping

Frozen cells were dissolved in a water bath that sets at 37°C and
centrifuged in medium (RPMI 1640 and 10% FBS) at 1800 rpm at +
4oC for 10 minutes. Then, cells were stained with anti-human mono-
clonal CD19-APC, CD24-PerCP, IgD-APC/Cy7, CD138-PE, CD27-FITC,
and CD38-Alexa fluor 700 (Biolegend) conjugates for 30 min at 4
°C, then, washed with PBS and resuspended in PBS. Immunofluo-
rescence staining was performed (BD FACS Aria Il), and data were
analyzed using the FlowJo software.

RNA Isolation and Determinating Target Genes

For identification of candidate genes, a microarray assay was
performed. RNA expression profiles obtained from PBMCs of 16
participants, 5 RRMS, 6 BMS and 5 healthy control groups, were
determined with the Sureprint G3 Human Gene Expression V3
microarray (MA) system. In this context, a total of 26083 Entrez
genes were evaluated, and microarray analysis determined the
target genes that showed changes between the groups.

In order to do validation of these candidate genes, RNA isola-
tion from PBMC was performed according to the instructions
of the QIAGEN RNeasy Mini kit (Hilden, Germany). The quality
and quantity of the obtained RNA were evaluated spectropho-
tometrically. For the purity of RNA, the OD value at 260 nm/280
nm between 1.9 and 2.1 were included in the study.
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Table 1. Clinical and demographic data

BMS (n=20) Non-BMS (n=16) Healthy Control (n=28) P
Sex (F/M) 17/3 10/6 18/10 0.221
Age (years) 40.5+9.54 47.1+8.4 39.3+8.7 0.024
Age at disease onset (years) 25.3+8.39 32.4+9.36 0.022
Disease duration (years) 13.5+4.35 14.1+4.12 0.69
EDSS score 2.42+0.52 5.1£0.95 <0.0001
Total Attack Scores 7.75+4.33 7.3£4.25 0.76
Table 2. RT-PCR programme Table 3. Target genes and primers
Temperature Time Gene Primer Sequence
Program (°C) (h:min:sec) Cycle
BLK_Frw TAGATCACAGGGTCG-GAAGG
Pre-incubation 95 00:08:00 1
BLK_Rev GGCAGCGGATCTTATAGTGC
Amplification 95 00:00:15 40
TGFB1_Frw GTACCTGAACCCGTGTTGCT
55 00:00:05
TGFB1_Rev CAACTCCGGTGACATCAAAA
72 00:00:10
ATP1B3_Frw CAGTCTGTCCTGATGGAGCA
Melting Curve 95 00:00:05 1
ATP1B3_Rev TGGCACTCCTTCAGGCTTTA
65 00:01:00 1
BANK1_Frw GTTCAGACCCCGCACATATT
97 Continuous 1
BANK1_Rev CCTTCCCCTTCCATTTCATT
Cooling 4 00:00:20 1
BLNK_Frw GAGCAGTGGTCCGATGACTT
Synthesis of cDNA and real-time PCR Studies BLNK_Rev TGGGCTTACTGGGAAGTGTC
cDNA synthesis was carried out with the Transcriptor First
Strand cDNA Synthesis Kit (Basel, Switzerland), according to the HCGEZ [y CICIEEEEACIETTIEE e
manufacturer’s instructions. All samples were prepared with 10 FCRL2_Rev GGTTGGGCTTGAATAGGTGA
ng / del cDNA in the tubes. real-time PCR (RT-PCR) reactions
were performed on the LightCycler 480 instrument, and follow- SWAP70_Frw CGGTGCTGAAGGTTCCTCAT
ing the instructions of the Fast Start DNA Master SYBR Green | SWAP70_Rev GACACAGAGGGTCCAACACA
kit (Roche, Basel, Switzerland). Gene-specific reverse and for-
ward primers were used at a concentration of 600-800 nM. CCL19_Frw CCTGCTGGTTCTCTGGACTT
For cDNAs, the glyceraldehyde 3-phosphate dehydrogenase CCL19 Rev GTGAACACTACAG-CAGGCAC
(GAPDH) gene, which is expressed in equal amounts in each =
tissue and responsible for basic cellular functions (house-keep- GAPDH_Frw CCATCAATGACCCCTTCATT
ing gene, reference gene), was used. cDNA samples 100ng and GAPDH Rev TTGACGGTGCCATGGAATTT

forward / reverse primers (Table 2) 600-800 nM were used and
the program in Table 3 was applied. Amplification curves and
melting peaks were evaluated after the procedure.

Cognitive Tests

Based on the literature findings, a test battery has been created
for attention, memory, processing speed and executive function
areas, which are reported to be the most impaired in MS. The neu-
ropsychological tests to be performed accordingly are Rey audito-
ry and verbal learning, number index, WAIS-R’s password subtest,
verbal fluency, Wisconsin card matching and Stroop tests. The
cognitive tests applied in the study are shown in Table 4.

Statistical Analysis

ANOVA test was used for parametric data, to compare the
clinical and demographic characteristics of the patients and
healthy control subjects, and paired comparisons between
the disease subgroups were performed by the Student t-test
or Mann-Whitney U test. Nonparametric data were compared
with the chi-square test. Flow cytometry and RT-PCR results
were compared with ANOVA and Tukey’s post-hoc test in cases
with more than two groups, and Student’s t-test in cases with
more than two groups. Relative quantification of target genes
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was performed by 2-AACT method using the glyceraldehyde
3-phosphate dehydrogenase (GAPDH) as the reference gene.
Pearson correlation test was used for correlation analysis, sta-
tistical significance was defined as p value less than 0.05, and
a analysis was performed using the SPSS 21.0 program. The
GraphPad Prism 5 program was used for the graphs.

RESULTS

Clinical and Demographic Features

The age, onset age, duration of disease, EDSS and number of
attacks of the BMS, Non-BMS MS and healthy control subjects
were compared. BMS patients’age, disease onset age and EDSS
scores were significantly lower than respectively Non-BMS pa-
tients (p=0.002, p=0.022 and p<0.0001). Duration of disease
and total number of attacks were not different between the

Table 4. Cognitive tests

Related to Cognitive

Cognitive Test Process

Selective Reminding Test (Srttl) Verbal Memory Acquisition

Spatial Recall Test (Sparttl) Visual Memory Acquisition

Sustained Attention and Speed

of Information Processing Executive Functions

Symbol Digit Modalities Test

(SDMT) Executive Functions

Controlled Oral Word

Association Test (COWAT) Executive Functions

9-Hole Peg Test Motor Functions

Timed 25-Foot Walk Test Motor Functions

Beck Test Depression
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groups (p=0.69 and p=0.76). All MS cases included in the study
were under an immunomodulatory treatment (inferferon-beta,
glatiramer acetate or fingolimod) (Table 1).

Comparison of Peripheral Blood Mononuclear Cell Phenotypes

Distribution of Peripheral Blood B, T and Natural Killer Cells
Peripheral blood mononuclear cell (PBMC) groups of 20 BMS
and 16 Non-BMS cases and 28 healthy control donors were
evaluated. When the PBMCs of all the subjects were evaluat-
ed; the percentage of CD19 expressing B cells was not found
to be different between the groups, but CD3* T cell (p=0.0019)
and CD3-CD16* CD56* natural killer (NK) cell (p=0.0349) groups
were found to be different. CD3* T cells were significantly low-
er in both the BMS group (p<0.01) and the Non-BMS group
(p<0.05) compared to healthy subjects. When NK cells were
evaluated, it was determinated that these cells were signifi-
cantly higher in the Non-BMS group than in the healthy ones
(p<0.05) (Figure 1).

Distribution of Peripheral Blood B Cell Immunophenotypes
Between Groups

In immature (CD19*IlgD"CD27") subgroup of immature B cells
that did not encounter antigen, there was no difference be-
tween the study groups, whereas the percentage of naive
(CD19*1gD*CD27) cells was higher in the BMS group com-
pared to healthy subjects (p<0.05). In contrast, memory B cells
showed significant changes in the opposite direction. Un-
switched memory B cells (CD19*IgD*CD27*) were found to be
higher in the benign group than in healthy subjects (p <0.01).
The switched (CD19*IgD"CD27%) (p=0.05) memory B cells were
found to be lower in both patient groups compared to healthy
subjects (p<0.05). However, there was no difference between
the MS subgroups. Plasmablasts (CD19*CD38**CD138), which
are antibody-producing B cell precursors, had similar per-
centages in the groups. However, it was observed that anti-
body-producing B cells, plasma cells (CD197CD38*CD138")

Table 5. Distribution of cognitive tests in disease groups

Healty p value p value p value
Non-BMS Control (BMS vs. (BMS vs. (non-BMS

BMS (n=20) (n=16) (n=28) ANOVAp  non-BMS) HC) vs. HC)
Verbal Memory Test 8.1£1.5 7.1£1.61 9.2+1.3 <0.0001 <0.05 <0.001
Visual Memory Test 4.7+1.83 4+1.68 6.2+1.5 <0.0001 <0.01 <0.001
PASAT Test 38.4+13.2 333+11.7  48.68+7.67 <0.0001 <0.01 <0.001
SDMT Test 37.5£14.7 27.1+£11.8  53.6+19.27 <0.0001 <0.01 <0.001
9-Hole PegTest 20.8+2.63 30+6.19 18.63+2.15 <0.0001 <0.001 <0.001
Timed 25-Foot Walk Test 6.81£1.13 15.13+£7.94 6.1+1.48 <0.0001 <0.001 <0.001
COWAT Test 55.9+20.19  45+22.96  75.6+17.48 <0.0001 <0.01 <0.001
Stroop Test 56.95+31.9 68.15+32.82 36.8+14.7 0.0002 <0.05 <0.001
Beck Test 13.55£7.69 13.57+7.67 7£5.72 0.0005 <0.01 <0.01
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tended to be lower in the BMS group than in the non-benign
group. In the regulatory B cells (Breg, CD19*CD24+*CD38*)
which had the feature of immune suppressor cells, a significant
increase was detected in the BMS group compared to healthy
subjects (p<0.05) (Figure 2).
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cells in the study groups
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Validation of Genes by RT-PCR

Quantitative PCR primers were designed to validate the ex-
pression patterns of target genes determined by microarray
data analysis in PBMCs of the study group. First, the sequences
of the target genes were reached from http://www.ncbi.nim.
nih.gov/gene, and then, the appropriate primer sequences
were designed with the help of http://www.bioinformatics.
nl/cgi-bin/primer3plus/primer3plus.cgi (Table 2). Cases with
sufficient RNA samples (13 BMS and 12 non-BMS, 10 healthy
control) were studied in duplicate for all genes.

Expression analysis of the TGFB1, BANK1, BLNK, FCRL2, CCL19
and BLK genes related to B cell subtypes and ATP1B3, SWAP70
genes related to both T and B cell subtypes were performed.
Expression of BLK (p<0.05), TGFB (p<0.05) and FCRL (p<0.01)
genes was significantly lower in non-benign MS patients than
in healthy subjects. However, expression of KCNS was found
significantly higher in the non-BMS group. In the BANK and
BLNK genes (p<0.01 and p<0.05, respectively), significant-
ly lower expression was detected in both MS groups than in
healthy subjects (Figure 3).

In particular, its association with B cell functions as a candidate
gene supports B cell contribution in the pathogenesis of MS. The
genes that have changed as a result of microarray analysis are as
follows: BLK (Proto-Oncogene, Src Family Tyrosine Kinase) triggers
B cell activation signal after the antigen interacts with the B cell.
TGFB is produced by Breg cells and has supressive effects. BANK1
(B Cell Scaffold Protein with Ankyrin Repeats) provides the mobili-
zation of calcium from the stores during B cell receptor interaction.
KCNS (Potassium Voltage-Gated Channel Modifier Subfamily S
Member 1) are associated with the regulation of the resting mem-
brane potential and the control of the shape and frequency of ac-
tion potentials. FCRL2 (Fc Receptor Like A 2) mediate the destruc-
tion of IgG-coated antigens and of cells induced by antibodies.

There was no correlation between gene expression levels and
demographic data, B cell subtype rates and gene expression
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Figure 3. Distribution of gene expression in the study groups
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levels, but inverse correlations were determined between
BANK1 and executive functions tests (respectively p=0,028 R=-
0,439 ve p=0,0086 R=-0,51).

Cognitive Analysis

As a result of neuropsychological examinations and cognitive
tests; motor processes in BMS patients were better preserved
than in non-BMS. When the cognitive parameters were evaluat-
ed, it was found that BMS cases showed the worse performance
in all cognitive functions compared to healthy subjects and no
significant difference was found in non-BMS BMS comparisons.
Beck depression inventory scores were also significantly lower
in the benign and non-BMS groups compared to the healthy
group (Table 5).

DISCUSSION

Multiple sclerosis is an autoimmune, progressive disease of the
CNS with progressive demyelination, inflammation and axo-
nal degeneration (1). In the later stages of the disease, lesions
developing due to demyelination in CNS are spread to certain
regions of the optic nerves, brain stem, cerebellum and white
matter (12). These highly complex etiologic factors of MS (such
as autoimmunity, genetic factors, infectious agents, vitamin D,
smoking, stress, sleeplessness, drug use) may also vary with
age, gender, and ethnicity (13).

The discovery of the key role of B cells in recent years, and the
fact that these cells are involved in autoimmune diseases such
as MS, also supports the relationship between MS and the
interaction with T cells (14). In addition, antibody-producing
plasma cells and anti-neuronal antibodies have been reported
to play an important role, but B cells with antigen uptake and
presentation, stimulation of T lymphocytes and cytokine pro-
duction have been reported to be effective in the pathogenesis
of the disease (6).

In MS, plasmablasts pass to the periphery and migrate to in-
flamed brain tissue. In this case, plasmablast and plasma cell
production in lymphoid tissue is increased or memory cells in
brain tissue start to produce pathogenic antibodies (6). There-
fore, the most common B cell subtype found in MS plaques is
a long-lasting plasma cell (11, 15). The fact that monoclonal
antibody-based treatment methods targeting B cells are ef-
fective in stopping the progression of the disease suggested
that B cells also play a role in the development of disability
(8,9).

In this study, benign MS cases considered to be a good prog-
nostic type of MS because of their low disability despite long
disease duration were studied. The data obtained from these
cases were compared with those of patients with a higher dis-
ability level during the same disease period. The main goal of
the study was to determine the importance of B-cell immuno-
phenotyping in BMS patients, and the importance of B-cell-re-
lated genes in the expression analysis, and the possible rela-
tionship of MS subgroups to cognitive processes.
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As a result of immunophenotyping studies, unswitched and
switched memory cells of effector B cells, which have an im-
portant role in the pathogenesis of autoimmune diseases due
to their pro-inflammatory properties, were suppressed in MS
groups. Among these, unswitched memory B cells were lower
in BMS patients than in non-benign ones. Plasma cells, an-
other effector B cell group, likewise tended to be low in BMS
cases. Regulatory B lymphocytes with immunosuppressive
properties were significantly higher in the BMS group com-
pared to the other study groups. These findings suggest that
one of the factors that may cause MS to remain at a low level
of disability over a long period of illness may be the change
in inflammatory memory B and anti-inflammatory regulatory
B cell ratios.

In a previous microarray study, it was shown that suppression
of the RNA-polymerase 1 pathway, which is associated with cell
survival in BMS cases, causes the effector lymphocytes to easi-
ly develop apoptosis and have a short survival (10). This study
showed that mechanisms controlling B cell activity suppress MS
progression, thus identifying a mechanism that has not been
previously described in the literature. Consistent with the results
of our study, another study found that the risk of developing MS
was low in patients with clinically isolated syndrome with low
memory B lymphocyte ratios in peripheral blood (16). Thus, B
cell subtypes have been shown to play a role in preventing the
progression of the disease in both early and advanced stages
of MS. As an important finding, suppression of T cells and some
B cell subtypes was found in benign and non-BMS cases com-
pared to healthy subjects. It is possible that this finding is due
to the effect ofimmunomodulatory therapy, and suppression of
memory B cells may be a treatment side effect. In this case, the
higher level of suppression of memory B cells observed in BMS
may be due to the stronger and more effective response of im-
munomodulatory therapy to this MS subtype.

There was no significant difference between the groups in RT-
PCR analysis due to the low number of cases. However, similar
to phenotyping studies, anti-inflammatory TGFf levels were
found to be higher in benign MS cases. In addition, disability
levels of patients with high TGF( levels were found to be low.
TGF is a well-known cytokine with anti-inflammatory effects
in the pathogenesis of MS. In both MS cases and animal models
of MS, a relationship was found between TGFf3 and disability
levels. The association of this cytokine with regulatory B lym-
phocyte levels is also known (17, 18). However, there are no
studies on the effect of TGF(3 in BMS. It is possible that the high
regulatory B percentage in BMS is one of the factors that deter-
mine low memory B cell ratios.

Verbal response test results were found to be high in cases
with no expression level change between benign and non-BMS
cases, and low levels of expression of BANK1 gene (11) which
had an effect on B lymphocyte proliferation. The association of
this factor with B cell functions is well known, but there are no
studies showing its association with MS. It will be appropriate
to test expression levels of all the genes studied with a higher
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number of cases and to determine whether these factors may
be a predictor of MS prognosis.

Another interesting feature of our study is related to cognitive
tests. It was shown that somatic neurological findings (motor,
sensory, vision, balance) are preserved in BMS, but cognitive
and limbic networks are affected and therefore, the definition
of BMS is a deceptive diagnosis. In addition, the lack of correla-
tion between B cell subtype rates and B cell gene expression
levels and cognitive test scores suggests that B cells play a role
mostly in the progression of physical disability, but different
factors are effective in the progression of cognitive findings.

The use of total peripheral blood mononuclear cells instead of
isolated B cells in the expression studies is a limitation of the
study. In addition, the determination of intracellular cytokine
levels in addition to surface markers during immunophenotyp-
ing could contribute to a better understanding of the immuno-
logical mechanisms.

In conclusion, it was shown that anti-inflammatory B cells were
increased, the levels of genes supporting B cell development
were decreased, and B cell suppressed genes were increased
in a group of MS patients with close clinical and demographic
characteristics. These findings support the view that B cell func-
tions may have molecular and cellular effects, and may lead to
regression in inflammation and clinical progression. In addi-
tion, it is possible that molecules showing significant changes
in our study may play a role as prognostic biomarkers in MS.
In future studies, validation of the value of BLK, TGFB, BANK,
KCNS, FCRL and BLNK gene expressions in isolated peripheral
B cells as a biomarker to determine the effect of B cells in the
pathogenesis of MS is planned in a wider patient population.
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