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Reduced peripheral blood
regulatory B cell levels are not
associated with the Expanded
Disability Status Scale score in
multiple sclerosis
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Abstract

Objective: To investigate levels of regulatory B (Breg) cells, plasma cells, and memory B cells in

the peripheral blood, and interleukin (IL)-10 in the serum of multiple sclerosis (MS) patients, and

to determine the correlation between Breg cell levels and the Expanded Disability Status Scale

(EDSS) score.

Methods: Levels of Breg cells, plasma cells, and memory B cells in the peripheral blood of 12 MS

patients were measured using flow cytometry. IL-10 serum levels were measured by enzyme-

linked immunosorbent assay. The correlation between Breg cell levels and MS EDSS score was

measured using Pearson’s correlation coefficient.

Results: Compared with healthy controls, MS patients had decreased levels of

CD19þCD24hiCD38hi Breg cells in their peripheral blood and reduced serum levels of IL-10;

however, the ratios of CD19þCD27hiCD38hi plasma cells and CD19þCD27þCD24hi memory B

cells to total B cells did not differ significantly between healthy controls and MS patients.

CD19þCD24hiCD38hi Breg cell levels in the peripheral blood of MS patients were not signifi-

cantly correlated with MS EDSS score.
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Conclusion: Peripheral blood CD19þCD24hiCD38hi Breg cell levels and serum IL-10 levels

were reduced in MS patients compared with controls, but Breg cell levels were not correlated

with MS EDSS score.
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Introduction

Multiple sclerosis (MS) is a chronic disease

of the central nervous system (CNS). Its
major pathological feature is the presence

of multiple demyelinating plaques in CNS
white matter with reactive gliosis and

axonal injury.1,2 As one of the most

common neurological diseases worldwide,
MS is the leading cause of non-traumatic

neurological disability among young

patients. The incidence of MS in China is
0 to 5/10 million, but there has been an

upward trend in recent years.3,4

Although the pathogenesis of MS is cur-

rently unclear, it is generally considered to

be an autoimmune disease, and is associated
with viral infection, genetic polymorphisms,

autoimmune reactivity, and environmental
factors.5 B lymphocytes can produce auto-

antibodies, so they have long been consid-

ered to play a key role in autoimmune
diseases. Neta and Salvin previously identi-

fied a type of B cell that inhibits T cell

immune activity in the delayed-type hyper-
sensitivity guinea pig model.6 This was

supported by the work of Blair et al.7 in
2010, which found that immature interleukin

(IL)-10-secreting B cells in human peripheral

blood have a CD19þCD24hiCD38hi pheno-
type that suppresses the differentiation of

helper T cells. More recently, Mizoguchi
showed that B cells negatively regulate the

immune system in an inflammatory bowel
disease model, and first proposed the term
“regulatory B (Breg) cells”.8 These cells have
an immunosuppressive function via their
release of cytokines such as IL-10, IL-35,
and transforming growth factor-b, and
through their induction of other regulatory
cells. Breg cells are also thought to be affect-
ed in a variety of autoimmune diseases.9

For example, they are diminished in quanti-
ty or function in patients with systemic
lupus erythematosus, rheumatoid arthritis,
and immune thrombocytopenia, and in
renal transplant recipients.10–13 However,
few studies have examined the role of Breg
cells in MS patients.

Therefore, in the present study, we inves-
tigated multiple B cell subgroups in the
peripheral blood of MS patients, including
Breg cells, plasma cells, and memory B cells,
as well as the role of serum IL-10. We also
studied the relationship between Breg cell
levels and the Expanded Disability Status
Scale (EDSS) score of MS.

Patients and methods

Patients and control

This study was approved by the Bengbu
Medical College Ethics Committee. MS
patients were diagnosed in the First
Affiliated Hospital of Bengbu Medical
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College according to the 2010 McDonald
diagnostic criteria.14 All patients were
newly diagnosed and were at the acute
stage of MS at the time of the study.
Patients had never been treated with ste-
roids, interferon, or other MS drugs. The
EDSS score was used to measure disease
severity. Patients provided written informed
consent to participate in the study.

Sample collection

A total of 5 mL of peripheral venous blood
was aseptically collected from each partici-
pant into heparin anticoagulation tubes.
One mL of the whole blood sample was
used for fluorescent antibody staining
followed by flow cytometry (see below).
The remaining sample was centrifuged at
1847� g for 10 minutes, and the supernatant
was stored at �70�C until IL-10 detection.

Detection of B cell subtypes

Peripheral venous whole blood was collected
from subjects, and 0.83% ammonium chlo-
ride was used to separate red blood cells.
Whole blood was then stained with the fol-
lowing fluorescent antibodies: anti-CD24-
FITC, anti-CD19-PE, anti-CD27-PEcy5,
and anti-CD38-APC (eBioscience, San
Diego, CA, USA). Fluorescently-stained
cells were then detected by BD FACSVerse
flow cytometry (BD Biosciences, San Jose,
CA, USA). Peripheral venous blood B cells
(CD19þ lymphocytes) were divided into
Breg cells (CD19þCD24hiCD38hi), memory
B cells (CD19þCD27þCD24hi), and plasma
cells (CD19þCD27hiCD38hi).

Serum IL-10 measurement

Serum IL-10 detection was performed using
a commercially available enzyme-linked
immunosorbent assay kit according to the
manufacturer’s instructions (CUSABIO,
Wuhan, Hubei, China). Absorbance was
measured at 450 nm using a microplate

reader (Huawe Delang, Wuxi,
Jiangsu, China).

Statistical analyses

Statistical analyses were performed using

SPSS 16.0 software (SPSS Inc., Chicago,
IL, USA). Data are expressed as means

� standard deviation, and t-tests and
Mann–Whitney non-parametric tests were

used to compare results between groups.

Correlations between two variables were
analyzed by Pearson’s correlation coeffi-

cient. A P value< 0.05 was considered sta-
tistically significant.

Results

The CD19þCD24hiCD38hi Breg cell

to total B cell ratio is decreased in
the peripheral blood of MS patients

Twelve patients (seven men and five

women, mean age: 37.6� 10.7 years) were
included in the study, and 12 healthy adult

volunteers (seven men and five women,
mean age: 20� 0.9 years) were enrolled as

control subjects. Compared with the con-
trols, MS patients had significantly lower

ratios of CD19þCD24hiCD38hi Breg cells

to total B cells in their peripheral blood
(Figure 1; P<0.01). Because memory B

cells and plasma cells are also associated
with the pathogenesis of autoimmune dis-

eases,15,16 we examined the ratios of

CD19þCD27þCD24hi memory B cells and
CD19þCD27hiCD38hi plasma cells to total

B cell levels in peripheral blood. However,
as shown in Figures 2 and 3, these ratios did

not differ significantly between MS patients
and healthy controls.

IL-10 levels are decreased in the

peripheral blood of MS patients

IL-10 plays an important role in
regulating the immune response, and the
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immunosuppressive function of Breg cells is
mainly performed by secreting IL-10.9

Therefore, we next measured serum IL-10
levels, and found that MS patients had sig-
nificantly lower serum IL-10 levels than
healthy controls (Figure 4; P<0.05).

Relationship between EDSS score and
CD19þCD24hiCD38hi Breg cell levels in
MS patients

The mean EDSS score of the 12 patients
was 2.08. Although CD19þCD24hiCD38hi

Figure 2. The ratio of CD19þCD27þCD24hi memory B cells to total B cells in peripheral blood was
unchanged in patients with MS. (a) Bar chart comparing MS patients with healthy controls. (b) Representative
flow cytometry analysis.

Figure 3. The ratio of CD19þCD27hiCD38hi plasma cells to total B cells in peripheral blood was
unchanged in patients with MS. (a) Bar chart comparing MS patients with healthy controls. (b) Representative
flow cytometry analysis.
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Breg cell levels were reduced in MS patients

compared with healthy controls, we did not

find a significant correlation between Breg

cell levels and MS severity, as measured by

the EDSS score (Figure 5; r¼�0.391).

Discussion

B cells were first proposed to have inhibito-

ry functions in the 1970s based on observa-

tions that guinea pig spleens depleted of B

cells failed to inhibit the adoptive transfer

of delayed-type hypersensitivity.6 Since

then, B cells have been shown to suppress

the immune response by secreting IL-10 in

models of colitis, experimental allergic

encephalomyelitis (EAE), and arthritis.17–19

During the past 10 years, many advances

Figure 4. IL-10 serum levels were decreased in
MS patients as shown by ELISA. P<0.05, compared
with controls.

Figure 5. The EDSS score was not correlated with CD19þCD24hiCD38hi Breg cell levels in MS patients.
The Pearson correlation coefficient revealed no significant correlation (r¼�0.391).
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have been made in immunosuppressive,

or Breg cells. For example, several IL-10-

producing Breg cells have been identified

in mice, including CD5þCDldhi B (B10)

cells and CD138þ plasma cells.20,21

In humans, CD19þCD24hiCD38hi cells

were shown to secrete IL-10 as an immuno-

suppressive function.11 Moreover, levels of

CD19þCD24hiCD38hi Breg cells were

decreased in patients with anti-neutrophil

cytoplasmic antibody-related vasculitis and

active lesion rheumatoid arthritis,22 as well

as in those with non-splenectomy idiopathic

thrombocytopenia;23 these latter patients

demonstrated a rise in Breg cell numbers

with increasing platelet levels.
In the present study, we found that the

ratio of CD19þCD24hiCD38hi Breg cells

to total B cells in the peripheral blood of

MS patients was decreased compared with

healthy controls. Previous studies showed

that B cell-deficient mice did not recover

from EAE, which is an animal model of

human MS.24,25 Consistent with this find-

ing, the deletion of B cells using anti-

CD20 antibody treatment prior to EAE

induction resulted in worsening disease

symptoms and the increased infiltration of

T cells in the CNS.26 Accordingly, Breg cell

treatment of EAE reduced CNS demyelin-

ation and inflammatory cell infiltration.27

These findings suggested that Breg cells

play an important role in a variety of auto-

immune diseases, including MS. However,

it is noteworthy that CD19þCD24hiCD38hi

Breg cell levels were not correlated with MS

disease severity in our study. Because MS is

a multifactorial chronic neurological dis-

ease, the involvement of each patient in

our study was short, and the study included

only a small sample. EDSS scores (<4) rep-

resented mild to moderate disease severity,

but the patients were likely to be biased,

which may partially explain the lack of cor-

relation between the EDSS score and Breg

cell level.

The regulating role of B cells is generally
thought to be achieved by IL-10 secretion.9

IL-10 is an important immune regulator
that limits the tissue-damaging inflammato-
ry response, and is essential for maintaining
the immune balance.28 Mice lacking
IL-10 signals are highly susceptible to enter-
itis because of the lack of a normal immune
response to symbiotic bacteria.29 Moreover,
IL-10 levels are decreased in patients
with inflammatory bowel disease,30 and
IL-10 mRNA expression is reduced in the
skin of patients with psoriasis.31 Further,
serum levels of IL-10 are reduced in
patients with type 2 diabetes, and may be
considered a risk factor,32 while IL-10 levels
are reduced in the CNS of the rat EAE
model.33 Peripheral blood IL-10 mRNA
levels were previously shown to be reduced
in MS patients,34 which is consistent
with our current findings. Together, these
results indicate that circulating levels
of IL-10 combined with the quantity of
CD19þCD24hiCD38hi Breg cells could be
used as an important index for the diagno-
sis of MS.

Memory B cells rapidly differentiate into
effector cells, so their role in autoimmune
diseases has attracted much attention.
It has been suggested that the deletion of
memory B cells may prevent the progres-
sion of MS.35 Indeed, children with MS
have considerably higher levels of memory
B cells compared with healthy children.
Additionally, Schwarz et al.36 found that
CD19þCD27þ memory B cells were
decreased in the peripheral blood of MS
patients but increased in their CNS.
Moreover, increased numbers of memory
B cells are associated with neurodegenera-
tive changes in recurrent MS.37 However, in
our study, CD19þCD27þCD24hi memory B
cell levels in the peripheral blood of MS
patients did not differ significantly from
those of control subjects, although this
could reflect the early MS stages of the
patients. Nevertheless, it is noteworthy
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that the proportion of plasma cells in MS

patients did not change significantly com-

pared with healthy controls in our study,

indicating that the role of antibodies may

not be dominant in MS pathogenesis.
In conclusion, we found that MS

patients had decreased ratios of CD19þ

CD24hiCD38hi Breg cells to total B cells

and decreased IL-10 levels in their periph-

eral blood compared with healthy controls,

although CD19þCD27hiCD38hi plasma

cell and CD19þCD27þCD24hi memory

B cell ratios were unchanged. However,

we found no significant correlation between

Breg cell levels and the MS EDSS score.

Our findings help us to better understand

the pathogenesis of MS, and provide a

basis for exploring new diagnostic methods.
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