
Objective: Multiple sclerosis (MS) is a central nervous system (CNS) disease characterized by autoimmune inflammation and neurodegeneration. Damage to 
the CNS is thought to be mediated predominantly by activated pro-inflammatory T cells and antibody secreting B cells. Strong evidence of B cell functions in 
MS pathogenesis has come from trials of B cell- depleting treatment. In this study, the peripheral blood frequencies of B cell subsets were measured using flow 
cytometry in patients to determine the disease-specific B cell differences that might be associated with the evolution to progressive forms of MS.

Materials and Methods: Peripheral blood mononuclear cells were separated from patients and healthy controls [relapsing-remitting MS (RRMS) and secondary 
progressive MS (SPMS)]. Cells were stained with anti-human monoclonal antibodies (CD19-APC, CD27-FITC, IgD-APC/Cy7, CD138-PE, CD24-PerCP and 
CD38-Alexa fluor 700), and analyzed using flow cytometry.

Results: There were no significant differences between the MS group and healthy controls by means of peripheral blood frequencies of B cells, immature, naïve, 
classic memory, plasma, plasmablasts, and regulatory B cells. Only higher naïve B cell frequency tendency was determined in patients with RRMS as compared 
with patients with SPMS and healthy controls.

Conclusion: Peripheral blood B cell subset measurements are not likely to be used as a biomarker for prediction of disease progression. Although B cells have a 
well-known pathogenic significance, B cell population alterations do not occur during the progression of the disease.
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Amaç: Multipl skleroz (MS), bir merkezi sinir sistemi hastalığıdır ve otoimmün inflamasyon ve nörodejenerasyon ile karakterizedir. Hastalıkta aktif olan 
enflamasyon ve proinflamatuar T hücresi dışında antikor yapan B hücrelerinin de rolü büyüktür. Periferik B hücrelerinin MS hastalığındaki rolü, B hücrelerinin 
deplesyonu ile elde edilen bulgulara dayanmaktadır. Çalışmamızda periferik kandaki B hücre alt tiplerinin akım sitometrisi ile belirlenmesi ve hastalık alt 
gruplarındaki olası farklarının belirlenmesi hedeflendi.

Gereç ve Yöntem: MS hasta grubu [relapsing-remitting MS (RRMS) ve sekonder progresif MS (SPMS)] ve sağlıklı donörlerden periferik kan mononükleer 
hücreleri izole edildi. Bu hücreler, B hücresine spesifik monoklonal antikorlar ile (CD19-APC, CD27-FITC, IgD-APC/Cy7, CD138-PE, CD24-PerCP ve CD38-
Alexa fluor 700) işaretlendi ve akım sitometrisi ile değerlendirildi.
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Introduction

Multiple sclerosis (MS) is a severe disease of the central nervous 
system (CNS) characterized by autoimmune inflammation and 
neurodegeneration. Damage to the CNS is thought to be mediated 
predominantly by activated pro-inflammatory T cells and 
antibody- secreted B cells. 

Strong evidence supporting B cell functions in MS pathogenesis 
has come from clinical trials of B cell-depleting treatment with 
rituximab in patients with relapsing-remitting MS (RRMS). In 
patients under rituximab treatment, the survival of antibody-
secreting plasma cells and decrease in T cell numbers indicated 
the importance of other B cell functions in MS such as antigen 
presentation, co-stimulation, and cytokine production (1). B cells 
also have the ability to cross the blood brain barrier and undergo 
stimulation, antigen-driven affinity maturation and clonal 
expansion (2,3,4).

Despite accumulating data on the role of B cells in progressive 
forms of MS, there is relatively less information on B cell actions 
in earlier stages of the disease. Activated B cells, memory B cells, 
regulatory B cells, and plasma cells have been found in peripheral 
blood and/or cerebrospinal fluid (CSF) of patients with RRMS 
and patients with clinically isolated syndrome (CIS) (5,6,7,8,9). 
However, very little is known on the alteration of B cell subsets in 
the transitional stage of MS, when patients progress from RRMS 
to secondary progressive MS (SPMS).

In this study, the peripheral blood frequencies of B cell subsets 
were measured using flow cytometry in patients with RRMS and 
SPMS to determine the disease-specific B cell differences that 
might be associated with the evolution to progressive forms of MS.

Materials and Methods

Study Groups
Nineteen patients with MS who satisfied the revised 

McDonald Criteria (9) were included and 20 age/sex-matched 
healthy individuals were included as controls (Table 1). The MS 
group consisted of 8 patients with RRMS and 11 with SPMS. 
Individuals with other coexisting neurologic or systemic disorders 
were excluded. All patients with MS underwent cranial magnetic 
resonance imaging (MRI) with the same 1.5 T scanner at the 
time of enrollment. Oligoclonal bands (OCB) were investigated 
in all patients. The study protocol was approved by Haydarpasa 
Numune Training and Research Hospital’s Local Ethics 
Committee (Protocol number: HNEAH-KAEK 2016/110) and all 
subjects gave informed consent. Patients were in remission during 
blood sampling and had not received steroid treatment within 30 
days of the blood collection, but were using immunomodulating 

medications (11 interferon-β, 5 glatiramer acetate and 3 
fingolimod).

Phenotypic Distribution of Peripheral B Cells Using Flow 
Cytometry

In order to obtain standard conditions, peripheral blood 
mononuclear cells (PBMCs) were separated through Ficoll density 
gradient centrifugation. Cells were resuspended in freezing solution 
and stored in liquid nitrogen. Frozen PBMCs were thawed and 
washed in complete medium (enriched with 10% fetal calf serum, 
1% MEM Vitamin, 1% L-Glutamine, 1% Na-Pyruvate, 1% Non-
Essential amino acids, 1% Penicillin-Streptomycin). Cells were 
stained with anti-human monoclonal CD19-APC, CD27-FITC, 
IgD-APC/Cy7, CD138-PE, CD24-PerCP, and CD38-Alexa fluor 
700 (Biolegend) conjugates for 30 min at 4 °C, then washed with 
phosphate-buffered saline (PBS) and resuspended in PBS, and 6 
color immunofluorescence staining was performed (BD FACS Aria 
II). At least 5x105 cells were acquired for each sample and data 
were analyzed using the FlowJo software (Figure 1). 

Statistical Analysis

Demographic and clinical features of the participants were 
compared using the chi-square test, analysis of variance (ANOVA), 
Student’s t-test, and Mann-Whitney U tests, as required. B cell 
subset frequencies were compared using ANOVA and Tukey’s 
post-hoc test in multiple group comparisons and Student’s t-test 
in two-group comparisons. P<0.05 was considered statistically 
significant.
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Bulgular: MS grubu ile sağlıklı donörler arasında B hücre, immatür, naif, klasik bellek, plazma, plazmablast ve düzenleyici B hücreleri dağılımları faklı değildi. 
Yalnızca naif B hücre frekansı RRMS hastalarında SPMS grubu ile kıyaslandığında görece yüksekti.

Sonuç: Periferik kan B hücre alt tipleri, hastalık ve hastalık alt grupları arasında farklı olmaması sebebiyle biyo-belirteç olarak kullanılması düşünülemez. 
B hücrelerinin MS hastalığındaki patojenik önemi iyi bilinmekle beraber çalışmamız B hücresi popülasyon değişikliklerinin hastalığın progresyonu sırasında 
gerçekleşmediğini göstermektedir.

Anahtar Kelimeler: Multipl skleroz, B hücresi, periferik kan 

Table 1. Clinical and demographic features of the patients 
with multiple sclerosis and healthy controls during blood 
sampling

MS (n=19) HC (n=20) p
Sex (female/male) 9/10 12/8 0.527*

Age (years) 40.9±7.9 31.5±6.1 0.084**

Age at disease onset 
(years) 26.3±8.5 - -

Disease duration (years) 14.6±4.7 - -

Number of relapses 7.8±4.0 - -

Number of patients with 
CSF OCB 11 - -

EDSS score 4.2±1.6 - -
MS: Multiple sclerosis, CSF: Cerebrospinal fluid, OCB: Oligoclonal bands, HC: 
Healthy controls, EDSS: Expanded Disability Status Scale. 
Numerical values were signified in the form of average ± standard deviation.
*Chi-square, **Student’s t-test



Results

The demographic and clinical features of the patients with MS 
(RRMS and SPMS) and healthy controls (HC) are listed in Tables 
1 and 2. Patients with SPMS showed trends towards exhibiting 
higher age, disease duration, number of relapses, and Expanded 
Disability Status Scale (EDSS) scores, as expected. Number of 
patients with OCBs was comparable among the RRMS and SPMS 
groups (Table 2). 

There were no significant differences between the MS 
group and HC by means of peripheral blood frequencies 
of CD19+ B cells (p=0.99), CD19+IgD-CD27- immature 
(p=0.3), CD19+IgD+CD27- naïve (p=0.3), CD19+IgD-

CD27+ classic memory (p=0.9), CD19+CD38+CD138+ plasma 

(p=0.7), CD19+CD38++CD138- plasmablasts (p=0.3), and 
CD19+CD24++CD38++ regulatory B cells (p=0.08) as assessed 
using Student’s t-test (Figure 2).

Also, the distribution of B cell subsets among patients with 
RRMS, SPMS, and the HC was found to be comparable and 
statistically insignificant using ANOVA and Tukey’s post-
hoc test. Only higher naïve B cell frequency tendency was 
determined in patients with RRMS as compared with those 
with SPMS and the HC. However, this difference did not attain 
statistical significance (p=0.128). Frequencies of immature 
(p=0.529), classic memory (p=0.175), plasma (p=0.707), 
plasmablast (p=0.337), and Breg cells (p=0.312) were not 
different in the RRMS, SPMS or HC groups (Figure 3).
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Figure 1. Flow cytometric analysis of B cells subtypes in peripheral blood. CD19+ B cells were selected in the lymphocyte gate, whereas remaining 
B cell subsets were selected in the CD19 gate. The CD19 gate was drawn based on CD19 positivity and side scatter characteristics. CD19+ B cells were 
distributed to six B cell subtypes according to surface expression of CD27, IgD, CD38, CD24, and CD138



Also, the distribution of B cell subsets among patients with 
RRMS, SPMS, and the HC was found to be comparable and 
statistically insignificant using ANOVA and Tukey’s post-hoc 
test. Only higher naïve B cell frequency tendency was determined 
in patients with RRMS as compared with those with SPMS and the 
HC. However, this difference did not attain statistical significance 
(p=0.128). Frequencies of immature (p=0.529), classic memory 
(p=0.175), plasma (p=0.707), plasmablast (p=0.337), and Breg 
cells (p=0.312) were not different in the RRMS, SPMS or HC 
groups (Figure 3).

Discussion

Our study failed to find a significant change in a broad 
spectrum of B cell subpopulation types of patients with RRMS 
and SPMS, thus arguing against a crucial role for B cells in 
the progression of MS. Elevated CSF levels of brain antigen-
specific activated B cells and memory B cells (both of which 
are indicators of germinal center-based antigen presentation) 
have been observed in CIS and in earlier stages of RRMS. 
Moreover, CSF counts of these antigen-specific B cells have been 
associated with higher rates of MRI lesions, attack numbers, 
and increased chances of conversion from CIS to RRMS (10). 
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Figure 2. Peripheral blood B cell subsets in patients with multiple sclerosis and healthy controls. Scatter-plots represent percentages of B cell-subsets. 
Horizontal lines indicate median values.
MS: Multiple sclerosis, HC: Healthy controls

Table 2. Clinical and demographic features of patients 
with relapsing-remitting multiple sclerosis, secondary 
progressive multiple sclerosis, and the healthy controls 
during blood sampling

RRMS 
(n=8)

SPMS 
(n=11)

HC 
(n=20)

p

Sex (female/male) 6/2 3/8 12/8 0.087*

Age (years) 38.9±6.9 42.4±8.3 31.5±6.1 0.112**

Age at disease onset 
(years) 24.6±6.0 27.5±9.7 - 0.148†

Disease duration 
(years) 14.3±3.5 14.8±5.4 - 0.485†

Number of relapses 6.2±4.9 8.1±3.2 - 0.048†

Number of patients 
with CSF OCB 4 8 - 0.376*

EDSS score 2.7±0.9 5.0±1.6 - 0.006††

CSF: Cerebrospinal fluid, OCB: Oligoclonal bands, EDSS: Expanded Disability 
Status Scale, RRMS: Relapsing-remitting multiple sclerosis, SPMS: Secondary 
progressive multiple sclerosis, HC: Healthy controls.
Numerical values were signified in the form of average ± standard deviation.
*Chi-square, **ANOVA, †Student’s t-test, ††Mann-Whitney U



B cells have been shown to emerge in the CSF of patients even 
before OCB and MRI lesion formation in MS (10), suggesting 
that antigen-specific B cells are actively involved in MS attacks. 
A possible explanation for these findings is that increased T 
helper-mediated presentation of brain antigens to germinal 
center-located B cells elevates the number of pathogenic B cells 
that cross the blood-brain barrier and inflict damage upon the 
myelin sheath in the periventricular region, thus inducing new 
MS attacks and MRI lesions. This above-mentioned process 
and other potential B cell-mediated disease mechanisms do 
not seem to be occurring during transition to the progressive 
stage of MS, because no significant change was observed in 
peripheral blood memory B cell, plasmablast, and plasma 
cell numbers of patients with RRMS and SPMS. This finding 
supports the notion that non-inflammatory mechanisms play 
a leading role in the transition to SPMS, such as increased 
oxidative stress, neuroaxonal damage, and mitochondrial 
dysfunction (11). Naturally, our study does not rule out the 
possibility of potential B cell subset changes that might occur 
in the intrathecal compartment of patients with MS during the 
progressive stage.

Regulatory B cells are known to be suppressed during the 
clinical course of autoimmune disorders (12,13,14). However, 

no significant alterations were observed in regulatory B cell 
frequencies of the patients with RRMS and SPMS, suggesting 
that conversion from the relapsing to progressive form of disease 
is not generated by deficiency or suppression of regulatory 
B cells. The regulatory B cell phenotype that we used in our 
experiment is the most classic and universally accepted B cell 
subpopulation. Nevertheless, there are other less well identified 
regulatory B cell types (15). These B cell subsets also need to be 
investigated in patients with RRMS and SPMS before drawing 
a final conclusion on the role of B regulation in MS.

Study Limitations

As a limitation of our study, all patients with MS included in 
the study were under immunomodulating drug treatment and 
thus some of our measurements might have been influenced by 
these treatments. Most of our patients were under interferon-
beta and glatiramer acetate treatment and these reagents have 
been reported not to influence B cell subset frequencies in 
peripheral blood (16). Nevertheless, we would recommend 
repeating B cell subset measurements in treatment-naïve 
patients with RRMS and SPMS to have a more clear assessment 
of B cells in MS. 
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Figure 3. Peripheral blood B cell subsets in patients with relapsing-remitting multiple sclerosis and secondary progressive multiple sclerosis. Scatter-
plots represent percentages of B cell-subsets. Horizontal lines indicate median values.
RRMS: Relapsing-remitting multiple sclerosis, SPMS: Secondary progressive multiple sclerosis, HC: Healthy controls



Conclusion

A major finding of our study was that there were no 
distinguishing features between patients with RRMS and SPMS 
by means of peripheral blood memory B cell subset frequencies. 
Although B cells are known to accumulate in the cortical and 
meningeal regions of the CNS to establish tertiary lymphoid 
organs and potentially contribute to disease progression in a 
sizeable portion of patients with progressive MS, our results suggest 
that major B cell alterations occur during earlier stages of MS in 
peripheral blood, but not during the progression of the disease. 
Thus, peripheral blood B cell subset measurements are not likely 
to be used as a biomarker for the prediction of disease progression.
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