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Abstract

Additionally, clinical features were also collected.

patients with DCM.

Background: The aberrant distribution of peripheral B cell subsets is associated with the pathogenesis of a variety
of inflammatory and autoimmune diseases. However, the distribution of peripheral B cell subsets in patients with idi-
opathic dilated cardiomyopathy (DCM) remains to be elucidated.

Methods: Twenty-seven patients with idiopathic DCM (DCM group), 18 control patients with heart failure (HF group)
and 21 healthy individuals (HC group) were included in this study. Peripheral B cell subsets were analysed using mul-
ticolour flow cytometry. The plasma 31 adrenergic receptor (31-AR) autoantibody titre was determined using ELISA.

Results: Compared with the HF and HC groups, the percentage of B1 cells was significantly decreased, whereas the
percentage of transitional B cells (Tr) was significantly increased in the DCM group. Notably, the percentage of B1
cells was significantly lower in patients with 31-AR autoantibody-positive DCM than in 31-AR autoantibody-negative
patients. The correlation analysis showed that the percentage of B1 cells was negatively correlated with N-terminal
pro-brain natriuretic peptide (NT-proBNP) levels and positively correlated with the left ventricular ejection fraction in

Conclusion: As shown in the present study, the percentage of B1 cells in the peripheral blood of patients with idi-
opathic DCM is abnormally decreased, especially in 31-AR autoantibody-positive patients, while the percentage of Tr
cells is significantly increased, indicating that B1 cells and Tr cells may be implicated in the pathogenesis of idiopathic
DCM. The decrease in the percentage of B1 cells is directly related to the severity of DCM.
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Background

Dilated cardiomyopathy (DCM) is a progressive myocar-
dial disease that is characterized by dilation and contrac-
tion dysfunction of the left ventricle or both ventricles

*Correspondence: wucnab5@163.com

! Department of Cardiology, First Affiliated Hospital of Guangxi Medical
University, Guangxi Cardiovascular Institute, Shuangyong Road 6,
Nanning 530021, Guangxi, People’s Republic of China

Full list of author information is available at the end of the article

B BMC

without pressure or volume overload or coronary heart
disease [1]. The most common complications of DCM
are heart failure and malignant arrhythmia, which are the
main causes of death [2]. Although the aetiology of DCM
is heterogeneous and the pathogenesis is complex and
still largely unknown, accumulating evidence indicates
that chronic inflammation and autoimmune disorders are
closely associated with the pathogenesis of DCM [3-5].
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As an essential immune regulator, B lymphocytes play
a crucial role in maintaining immune homeostasis and
preventing autoimmune diseases. Abnormal numbers or
dysfunction of B cells is closely involved in the disorder
of autoimmune regulation in patients with DCM. Early
research has confirmed that the tolerance of peripheral B
cells is impaired, leading to the production of anti-heart
autoantibodies, including autoantibodies against the 1
adrenergic receptor (p1-AR), which mediate cardiomyo-
cyte injury and contractile dysfunction [5] and contribute
to the pathogenesis of DCM [6]. According to a recent
study, the use of CD20 chimeric monoclonal antibod-
ies to deplete peripheral CD20" B cells in patients with
DCM reduces the infiltration of T cells and macrophages
in the myocardium and significantly improves cardiac
function [7].

The peripheral blood circulation is the bridge between
the migration of B cells in the bone marrow and the sec-
ondary lymphoid organ. A variety of B cell subpopula-
tions are detected in peripheral blood and have their
own unique immune functions. As innate immune cells,
Bl cells spontaneously secrete low-affinity, multireac-
tive natural IgM antibodies to protect against patho-
genic microorganisms in the early stage of infection [8].
In addition, these natural IgM antibodies also accelerate
the elimination of apoptotic cell debris and harmful mol-
ecules, induce and inhibit the inflammatory signalling
cascade in the cell, and may have a function similar to
homeostasis [9-13]. Naive B cells are differentiated from
transitional B cells (Tr) and mainly secrete interleukin-10
(IL-10). Memory B cells are an important part of humoral
immunity and the main source of inflammatory factors
that cause autoimmune diseases [14]. Plasmablasts (PB),
which account for less than 1% of circulating B cells, are
immature plasma cell precursors that spontaneously
secrete antibodies related to autoimmune diseases [15]
and further differentiate into plasma cells. Regulatory
B cells (Breg), a subgroup of cells that negatively regu-
late immunity and inflammation, are considered closely
related to the disorder of immune regulation in patients
with DCM [16].

Alteration in the proportions of these peripheral B
cell subpopulations are postulated to contribute to the
pathogenesis of various autoimmune diseases, such as
systemic lupus erythematosus (SLE), rheumatoid arthri-
tis, multiple sclerosis and Sjogren’s syndrome. Moreover,
the abnormal distribution is closely implicated in regula-
tion of autoimmune disorders and the severity of these
autoimmune diseases [17-19]. However, the distribu-
tion of B cell subpopulations in the peripheral circulation
of patients with DCM has yet to be determined, and no
report has described the association between B cell sub-
sets and clinical features.
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Thus, the purpose of this study was to prospectively
profile the distribution of peripheral B cell subpopula-
tions in patients with idiopathic DCM and determine
their roles in the pathogenesis of DCM.

Materials and methods

Patients and healthy individuals

Twenty-seven patients with idiopathic DCM (DCM
group), 18 control patients with heart failure (HF group)
and 21 healthy controls (HC group) were included in this
study. All subjects were recruited from the first affiliated
Hospital of Guangxi Medical University.

The diagnosis of idiopathic dilated cardiomyopathy
was based on the 1995 criteria from the WHO/ISFC and
the proposed criteria from the ESC [2, 20]. After exclud-
ing secondary DCM, patients with a left ventricular end
diastolic diameter (LVEDD)>5.5 cm and left ventricu-
lar ejection fraction (LVEF)<45% confirmed by echo-
cardiography were included in the DCM group. The HF
control group was established to minimize the potential
confounding and bias caused by the aetiological hetero-
geneity of heart failure. Patients with heart failure caused
by ischaemic cardiomyopathy, hypertensive heart dis-
ease and other diseases were enrolled in the HF group.
Healthy individuals were defined as having no symptoms
of heart failure and having a normal heart structure and
function. Exclusion criteria included infections, malig-
nant tumours, autoimmune diseases, rheumatism, diabe-
tes, haematological diseases, endocrine diseases, severely
impaired liver function and renal insufficiency. None of
the subjects received immunosuppressive agents or were
vaccinated in the two months prior to the study. This
study is consistent with the principles outlined in the
declaration of Helsinki and was approved by the Ethics
Committee of first affiliated Hospital of Guangxi Medical
University and obtained informed consent from all par-
ticipants included in the study.

Blood sample preparation

Peripheral fasting venous blood samples were collected
in a heparin sodium anticoagulant vacutainer in the
early morning. Part of the blood samples were centri-
fuged (1000 x g for ten minutes) and the plasma was
collected and stored at -80 °C until analysis. Peripheral
blood mononuclear cells (PBMCs) were isolated through
Ficoll-Hypaque (Solarbio Technology Co., Ltd., Bei-
jing, China) density gradient centrifugation (800 x g for
twenty minutes). All blood samples were processed and
cryopreserved within 3 h of collection.

Flow cytometry
PBMCs were resuspended in phosphate-buffered saline
(PBS) (Solarbio Technology Co., Ltd.) at a concentration
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of 2 x 10° cells. PBMC suspensions (100 ul) were incu-
bated with Fc receptor blocking reagent (BD Bio-
sciences, San Jose, CA, no. 564219, 2.5 pg/test) at 4 C
for 10 min to inhibit nonspecific staining. All fluorescent
dye-conjugated antibodies were pretitrated to obtain
optimal results. The PBMCs suspension was then incu-
bated with a fluorescent dye-conjugated antibody in the
dark at 4 °C for 30 min for surface staining. The follow-
ing fluorescent dye-conjugated antibodies were used:
anti-CD3-APC-Cy7 (no. 557832, 1 ul/test), anti-CD19-
APC (no. 555415, 5 pl/test), anti-CD20-PerCP-Cy5.5 (no.
560736, 1 pl/test), anti-CD27-PE-Cy7 (no. 560609, 1 ul/
test), anti-CD43-PE (no. 560199, 5 pl/test), anti-CD38-
BB515 (no. 564498, 1 ul/test), anti-CD5-APC-Cy7 (no.
563516, 1 ul/test), anti-CD24-PerCP-Cy5.5 (no. 561647,
1 pl/test), anti-IgD-PE (no. 555779, 8 pl/test) (all from
BD Biosciences, San Jose, CA). Peripheral blood was
analyzed using two panels specifically targeting B cell
subsets. The first six-colour panel was designed for
CD19, CD27, CD38, IgD, CD5 and CD24 antibodies
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to identify CD19*CD5" B cells, CD19"CD24"CD3gM
Breg cells, CD197IgD"CD27~ double negative B cells
(DN), CD19%IgDTCD27% unswitched memory B
cells (USwM), CD19"IgD~CD27"CD38" switched
memory B cells (SwM), CD19*IgD~CD38"CD27"
PB, CD19"IgD*CD27 CD38 CD24" naive B cells,
CD19"IgDTCD27-CD387CD24/° mature B cells and
CD19*IgD*CD27-CD38MCD24"M Tr cells. The sec-
ond six-colour panel included CD3, CD19, CD20,
CD27, CD43 and CD38 antibodies to distinguish
CD3~CD19"D20"CD277CD38""™CD43* B1 cells. B
Cell subsets were quantified according to their percent-
age among CD19" lymphocytes.

After surface staining, PBMCs were washed with PBS
and then resuspended in fixation buffer (1% paraformal-
dehyde). Finally, a flow cytometry analysis was performed
with 488 nm and 640 nm lasers and 6 detectors using BD
FACSVerse2L instrument (BD Biosciences). The gating
strategy is shown in Fig. 1. A total of 2 x 10° events were
collected within the singlet gate with low flow rate. All
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Fig. 1 Gating strategy of two panels for identification of B cell subsets. A lymphocyte gate was selected in the forward scatter area (FSC-A)/

side scatter area (SSC-A) scatter plots, then a singlet gate was strictly created in the FSC-A/forward scattering height (FSC-H) scatter plots. A total
of 2 x 10° events were collected within the singlet gate with low flow rate for analysis. A A six-colour panel included CD3, CD19, CD20, CD27,
CD43 and CD38 antibodies to distinguish CD3~CD197D20+CD27+CD38MCD43* B1 cells. B The other six-colour panel was designed for CD19,
CD27,CD38,IgD, CD5 and CD24 antibodies to identify CD197CD5F B cells, CD19+CD24"CD38" regulatory B cells (Breg), CD19¥IgD~CD27~
double negative B cells (DN), CD19+1gD*TCD27" unswitched memory B cells (USwM), CD19%1gD~CD27+CD38™ switched memory B cells (SwM),
CD19%IgD~CD38"CD27" plasmablast (PB), CD19+IgDTCD27-CD38~CD24* naive B cells, CD19%IgD+CD27-CD38*CD24"° mature B cells and
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data were analysed by FlowJo version 10 software (Tree
Star Inc., Ashland, Oregon, USA). The compensation
matrix was adjusted by single stained PBMCs and evalu-
ated by fluorescence minus one.

ELISA

After rewarming at 4 C and room temperature, the
plasma was assayed for IgM, IgG, 1gG3, IL-10 and TNF-«a
levels according to the instructions of ELISA kits (Elab-
science, Wuhan, China). The sensitivities were 1.88 ng/
ml, 0.94 ng/ml, 0.1 ng/ml, 4.69 pg/ml and 4.69 pg/ml,
respectively. The level of the P1-AR autoantibody was
measured using ELISA kit (CUSABIO, Wuhan, China).
An optical density (OD) sample/OD negative ratio<2.1
was negative, while an OD sample/OD negative
ratio > 2.1was positive (if OD negative<0.1, we calcu-
lated it as 0.1). All the samples were assayed in duplicate.

Statistical analysis

The measurement data are presented as the
means +standard deviations. One-way ANOVA was
used for comparisons among the three groups, and
the LSD method was used for pairwise comparisons
between groups. In addition, an independent sample ¢
test was performed for comparisons between the two
groups. Count data are presented as absolute numbers

Table 1 The basic clinical features
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(percentages), and the chi-square test was used to com-
pare the significant differences among the three groups.
Pearson’s correlation analysis or Spearman’s rank corre-
lation analysis was performed to determine correlations.
P<0.05 represented a significant difference. All data were
analysed using SPSS version 26.0 software (SPSS, Inc.,
Chicago, IL, USA).

Results

Basic clinical characteristics and general blood parameters
The clinical baseline characteristics of the three groups
are shown in Table 1. The sex, age, heart rate and serum
creatine levels of the three groups were similar. Com-
pared with the HC group, the DCM and HF groups had
a higher NYHA functional classification, reduced LVEF
and E/A ratio, enlarged LVEDD and elevated N-terminal
pro-brain natriuretic peptide (NT-proBNP) levels. In
addition, compared with the HF group and HC group,
the mean arterial pressure (MAP) decreased and dias-
tolic left ventricular posterior wall thickness (LVPWd)
became thinner in the DCM group. In particular, com-
pared with the HF group, the DCM group had a lower
LVEEF, larger LVEDD, thinner LVPWd and higher NYHA
classification, but the E/A ratio was similar. Moreover,
significantly increased high sensitivity C-reactive protein

Characteristics DCM (n=27) HF (n=18) HC (n=21) P
Sex (male/female) 24/3 171 19/2 0.82
Age (years) 55+14 50+13 50+16 0.18
Disease duration (months) 49437 6451 - 0.00
BMI (kg/m?) 237+44 246446 229441 048
Heart rate (beats/min) 785+164 7684159 7361122 0.53
MAP (mmHg) 85434321 89.67£5.71 9030+4.13 0.00
Serum creatine (umol/L) 945744779 996144432 7934415338 0.24
NYHA classification (II/11l/1V) 14/7/6™* 110/7" - 0.01
LVEF (%) 3046 41415 67 +4 0.00
LVEDD (mm) 738" 65413 50+4 0.00
LVPWd (mm) 6.7+08" 92406 87406 0.00
E/A>1 (n, %) 19,70.3% 13,72.2% 21,100% 0.02
NT-proBNP (pg/ml) 10,280.34 +£1426.06* 5880.324897.19" 41149427676 001
hs-CRP (mg/L) 437843352 6.133+£3816" 214442541 001
Medications (n, %)
ACEI/ARBs 15,55.6% 12,66.7% - 0.00
B-blockers 19,70.4%" 10,55.6%" - 0.00
Diuretics 24,889%" 13,72.2% - 0.30
Digitalis 21,778%" 8,44.4%" - 002

The P value in the table represents the difference among the three groups, * represents a significant difference between DCM or HF and HC, and # represents a
significant difference between DCM and HF. BMI: body mass index, MAP: mean arterial pressure, NYHA: New York Heart Association, CHD: coronary heart disease, LVEF:
left ventricular ejection fraction, LVEDD: left ventricular end-diastolic diameter, LVPWd: diastolic left ventricular posterior wall thickness, Nt-proBNP: N-terminal pro-
brain natriuretic peptide, hs-CRP: high sensitivity C-reactive protein, ACEIl: angiotensin-converting enzyme inhibition, ARB: angiotensin receptor blockers
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(hs-CRP) levels were measured in the HF group com-
pared with the HC group.

General blood parameters are listed in Table 2.
Although the absolute number of lymphocytes in the
DCM and HC groups was significantly lower than that in
the HC group, the other blood parameters were similar
among the three groups.

Abnormal distribution of peripheral B1, Tr, USwM and SwM
cell subsets in patients with DCM

We first analysed the percentage of CD19" B and CD20™"
B cells to investigate the difference in total B cell per-
centages among the three groups. No significant differ-
ence was observed in the percentage of CD19% B cells
(4.65+4.00% for the DCM group vs. 6.04+3.97% for the
HF group vs. 5.67 +3.78% for the HC group, respectively,
P=0.46) (Additional file 1: Fig. S1 A, B) and CD20"
B cells (4.72+3.42% vs. 6.61+4.72% vs. 5.50+2.76%,
P=0.24) among the three groups (Additional file 1: Fig.
S1C,D).

Then, we analysed the distribution of B cell subpopu-
lations in the three groups. Compared with the HF
and HC groups, the percentage of B1 cells in the DCM
group (2.47+1.37% vs. 3.62+£2.05% vs. 3.6241.38%,
P=0.02) was significantly lower (Fig. 2A, B), whereas
the percentage of Tr cells (6.69+4.77% vs. 3.44£2.69%
vs. 3.94+£2.78%, P=0.01) was significantly higher

Table 2 General blood parameters
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(Fig. 2C, E). However, no significant difference was
observed in the percentage of Bl and Tr cells between
the HF and HC groups. The percentages of USwM cells
(9.68£4.05% vs. 7.61+2.79% vs. 14.78 +6.15%, P<0.01)
(Fig. 3A, B) and SwM cells (8.67 +3.53% vs. 7.65 = 3.42%
vs. 26.274+9.88%, P<0.01) (Fig. 3D, E) were signifi-
cantly lower in the DCM and HF groups than in the
HC group. Notably, the percentages of SwM and USwM
cells in DCM and HF groups were similar. In addition,
no significant differences in the percentages of naive
B cells (4.214+2.02% vs. 4.92+2.90% vs. 5.16+2.20%,
P=0.35) (Fig. 2E), mature B cells (50.51414.10% vs.
46.254+15.78% vs. 41.76 £12.31%, P=0.12) (Fig. 2F),
DN cells (7.044+3.71% vs. 8.43+4.00% vs. 6.93 +3.19%,
P=0.36) (Fig. 3C), PB (1.07£0.96% vs. 0.89+0.83% vs.
1.0740.88%, P=0.35) (Fig. 3F), CD197CD5" B cells
(8.53+4.29% vs. 8.03+5.68% vs. 11.73 +6.14%, P=0.06)
(Additional file 1: Fig. S2 A, B) and Breg (5.91 +5.65% vs.
3.714+3.41% vs. 4.69+2.99%, P=0.25) (Additional file 1:
Fig. S2 C, D) were observed among the three groups.

We divided patients with DCM into two subgroups
with an LVEF 30%-45% and LVEF less than 30% to fur-
ther determine the effect of cardiac function on B cell
subsets. Although the proportion of B1 cells in the DCM
subgroup with an LVEF less than 30% was lower than that
in the subgroup with an LVEF >30%, the difference was
not significant (2.104+1.25 vs. 2.88+1.56, P=0.18). In

Parameters DCM (n=27) HF (n=18) HC (n=21) P

Leukocytes (x 10/L) 5374293 6.04£264 5544246 071
Erythrocytes (x 10'%/L) 5761146 533£1.73 562£1.51 0.66
Hematocrit 0434006 0.46+0.06 0444005 0.23
Hemoglobin (/L) 1469241933 1424241611 148.73+£12.80 048
Lymphocytes (x 10%/L) 1494052 1434065 2214084 0.00
Thrombocytes (x 10°/L) 2094347346 2009147163 2133147267 0.86

The P value in the table represents the difference among the three groups, * represents a significant difference between DCM or HF and HC

(See figure on next page.)

one-way ANOVA or independent sample ¢ test. *P < 0.05, **P < 0.01

Fig. 2 Comparison of B1, Tr, naive and mature B cells among DCM, HF and HC groups. A Representative flow cytometry scatter plots of the
percentage of B1 cells in the DCM (n=27), HF (n=18) and HC (n=21) groups. The number in the figure represent the mean of the percentage of
B1 cells in CD19% B cells. B Comparison of the proportion of B1 cells in the peripheral blood among DCM, HF and HC groups. The results showed
that the percentage of B1 cells in the DCM group was significantly lower than that in the HF group and HC group. Then, according to the expression
of B1-AR autoantibodies, patients with DCM were divided into 31-AR autoantibody-positive and 31-AR autoantibody-negative subgroups, and

the proportion of B1 cells was further compared. The results showed that the percentage of B1 cells in patients with DCM who were (31-AR
autoantibody-positive was significantly lower than that in 31-AR autoantibody-negative patients. C Representative flow cytometry scatter plots of
the percentages of Tr, naive and mature cells among DCM, HF and HC groups. The number in the figure represent the mean of percentages of Tr,
naive and mature cells in CD19% B cells. D Compared with the HF and HC groups, the percentage of Tr cells was significantly increased in the DCM
group. However, the percentage of Tr cells was similar between 31-AR antibody-positive and 31-AR antibody-negative patients with HF. E, F No
significant difference was detected in the percentages of naive (E) and mature (F) B cells among the three groups. G No significant association was
observed between B1 cells and Tr cells in patients with DCM. Each point represents an individual in figure B, D, E, F, G. Data were compared using




Tang et al. BMC Cardiovascular Disorders (2022) 22:78 Page 6 of 13
A B = !
DCM HF HC *
o] B1 cells ] Bleells | | BI cells _ 109 T 1
2.47% _} 3.62% E 3.62% B3
. S 8 *
3 | —|
o g
o 7 8 S
+ [ ) [ ]
L
o °
g o
3 = 27
[11] ° M o
0 T T T T T
S s & ®
& &
& &
CD338 @ C
v
& .V
W
KN
&R
F N
Q
*k
1
C D *%
1
I 25+ ns
& 1
Sl ® @
£
°
o S 154 o °
4.92% - o o o - 1
3 2 104 °
5 S b4
=
E ¢
'm‘ " w'm2 ‘m3 " “lw4 '105 lw' Im2 ‘103 IlD4 ‘le 'w‘ Im2 ‘|03 IID‘ "“5 ’ Ql QIJ 0‘ Q (.Iv
- L & R
CD38 Qo" &
&
CARDA o
r X
N ¥
X R
W&
E F G &
=-0.127, P=0.53
~ 159 - 25
S 2 sa -
&2 2 i E 20 *
3 ©
8 104 N © 3° 2
0 Lo, R s S 154 .
+ ° o) A < °
o & m
2 ° . - Ald 090 + ° )
Q A 8 o 2104 @
O 54 2 8 Aa a
° o — o M
g : : S : 5+ °
=
3 [Tk g = Ve
0 T T T 0 T T T 0 T T T 1
DCM HF HC DCM HF HC 0 2 4 6 8

Fig. 2 (See legend on previous page.)

B1/CD19*B cells (%)

addition, significant differences were not observed in the
percentages of CD19" B cells (4.18 +3.35 vs.4.13+2.91,
P=0.97), CD20" B cells (4.60+3.79 vs.4.83+3.11,
P=0.87), Tr cells (6.80+5.85 vs.6.204+3.85, P=0.76),
USwM cells (10.28+4.10 vs.9.94+528, P=0.85),

SwWM cells (9.244+3.71 vs.8.90+£4.72, P=0.84),naive
B cells (4.13+2.07 vs.4.19+2.18, P=0.94), mature B
cells (50.66+15.43 vs.51.95+14.85, P=0.82), DN cells
(8.47+£4.99 vs.6.33£3.26, P=0.20), PB (1.30%+1.21
vs.1.17+1.33, P=0.78), CD19"CD5" B cells (7.65 =+ 3.65
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Fig. 3 Comparison of USwM, SwM and PB cells among DCM, HF and HC groups. A Representative flow cytometry scatter plots of the percentages
of USwM and DN cells in the DCM, HF and HC groups. The number in the figure represent the mean of percentages of USwM and DN cells in CD19™
B cells. B Compared with the HC groups, the percentage of USwM cells was significantly decreased in the DCM and HF groups. The percentage

of USwM cells in the DCM and HF groups was similar. C The percentage of DN cells was similar among the three groups. D Representative flow
cytometry scatter plots of the percentage of SwM and PB cells among DCM, HF and HC groups. The number in the figure represent the mean of
percentages of SwM and PB cells in CD19" B cells. E Compared with the HC groups, the percentage of SwM cells was significantly decreased in the
DCM and HF groups. However, the percentage of SwM cells in the DCM and HF groups was similar. F The percentage of PB cells was similar among
the three groups. Each point represents an individual in figure B, C, E and F. Data were compared using one-way ANOVA. **P<0.01

vs.8.74£3.89, P=0.49) and Breg cells (6.68+6.50
vs.6.23+£6.23, P=0.86) between the two subgroups
(Additional file 1: Fig. S3).

Finally, we investigated the potential association
between the percent changes in the populations of Bl
cells and Tr cells. The correlation analysis did not reveal
a significant correlation between the two cell types in
patients with DCM (R=-0.127, P =0.53) (Fig. 2G).

Plasma levels of IgM, IgG and IgG3 were not affected
by the abnormal distribution of B cell subsets in patients
with DCM
ELISAs were performed to determine the plasma
IgM, IgG and IgG3 levels and determine the effect of
the abnormal distribution of B cell subpopulations on
plasma immunoglobulin levels in patients with DCM.
However, no significant differences in the total plasma
IgM (1.67£0.71 vs. 1.75+£0.66 vs. 1.75+£0.72 mg/
ml, P=0.74), IgG (9.53+£4.35 vs. 10.88+3.34 vs.
10.08 £5.34 mg/ml, P=0.59) and IgG3 (2.97+1.57 vs.
2.95+1.31 vs. 2.63+£1.73 mg/ml, P=0.72) levels were
observed among the three groups (Fig. 4A).

Next, the correlations between the percentages of Bl
cells and Tr cells and plasma immunoglobulin levels

in patients with DCM were evaluated. The correlation
analysis did not reveal significant correlations between
B1 cells or Tr cells and plasma levels of IgM (R=-0.124,
P=0.54, for B1 cells; R=0.226, P=0.26, for Tr cells), IgG
(R=-0.106, P=0.60; and R=-0.121, P=0.55, respec-
tively) and IgG3 (R=0.011, P=0.96; and R=-0.332,
P=0.07, respectively) in patients with DCM (Fig. 4B-Q).

Plasma IL-10 and TNF-a levels were not affected
by the abnormal distribution of B cell subsets in patients
with DCM
We estimated the effect of altered proportions of B cell
subsets on plasma levels of cytokines closely related to
DCM by measuring the plasma levels of IL-10 and TNF-«a
using ELISA. Similar plasma levels of IL-10 (11.6 £5.03
vs. 1247+6.34 vs. 9.69+1.54 pg/ml, P=0.14) and
TNF-a (9.70£7.84 vs. 10.30+8.39 vs. 6.37 +2.29 pg/m],
P=0.14) were detected in the three groups (Fig. 5A).
Next, a correlation analysis was conducted to further
explore the effect of changes in the B1 and Tr cell per-
centages on plasma IL-10 and TNF-a levels in patients
with DCM. Neither Bl cells nor Tr cells were signifi-
cantly correlated with plasma levels of IL-10 (R=-0.009,
P=0.97; R=0.242, P=0.22) and TNF-a (R=-0.031,



Tang et al. BMC Cardiovascular Disorders (2022) 22:78 Page 8 of 13
A B C
E
£
< J,s R=-0.124, P=0.54 I 2 R=-0.106, P=0.60
515 = DCM = . 2
3 N .E, { ." E, o o
% =3 DCM: B1-AR Abs postive = 20 e . . © 15
g I DCM: B1-AR Abs negative 2 '\ 2 e ° *
5 & 15 LY ©
€ = HF £ g 10 ° .
£ = HC % 1.0 . ®e ® o ° .
] o o - o
£ ‘s % 5
g %os . o
= %) 1) o .
g 2 * 2
s % 0.0+ T T T 19 +—= T T T 1
@ [ 2 4 6 8 [ 2 4 6 8
% B1/CD19"B cells (%) B1/CD19"B cells (%)
-
D E F G
2 e - - <0 - - I 2 _ - . - .
2 . R=0.011, P=0.96 2 R=0.226, P=0.26 2 R=-0.121, P=0.55 2 . R=-0.332, P=0.07
£ < = L) -
3 LIRS * = 30 . © . 8 ° .
3 " e o %’ %’ 1 M . 2“ 4 ; i
12} [}
g ._"_\_._'—— g 20 % 10{e%e o g . %
S ¢ o w = o0 S LY L4
8 2 A . o Q o ° T 2 e ® O .
. . .
5 5 10 G 57 e . k]
) . 2 » ® o K] L
g - o B o s ° . g e o
@ T T T T 1 9 T T T U] T T T T ] T T T T 1
= 0 2 4 6 8 0 10 20 30 40 [ 10 20 30 40 0 10 20 30 40

B1/CD19'B cells (%) Tr/CD19"B cells (%)

Tr/ CD19"B cells (%) Tr/ CD19"B cells (%)

Fig. 4 The effect of B1 and Tr cells on the plasma levels of immunoglobulin. The plasma IgM, IgG and IgG3 levels were detected by ELISA in the
three groups. A The plasma levels of IgM, IgG and IgG3 were compared among DCM, HF and HC groups, and between patients with DCM who
were 31-AR autoantibody-positive and h 31-AR autoantibody-negative. There was no significant difference in the levels of IgM, IgG and IgG3
among the three groups, and between the two DCM subgroups. Bars represent the means =+ standard deviation. Data were compared using
one-way ANOVA or independent sample t test. B-D The correlation between the percentage of B1 cells and the levels of plasma IgM (B), IgG (C)
and IgG3 (D) in the DCM subgroup. E-G The correlation between the percentage of Tr cells and the levels of plasma IgM (E), IgG (F) and IgG3 (G) in
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P=0.88; R=-0.410, P=0.06) in patients with DCM
(Fig. 5B-E).

The percentage of B1 cells was significantly decreased

in B1-AR autoantibody-positive patients with DCM

Levels of P1-AR autoantibodies in all subjects were
detected using ELISA to evaluate the effects of 1-AR
autoantibodies on the percentages of Bl and Tr cells
and clinical parameters of patients with DCM. The
positive rates of B1-AR autoantibodies in the DCM,
HF and HC groups were 48.1%, 27.8% and 4.8%,
respectively (P<0.01). Then, we conducted a sub-
group analysis of patients with DCM and HF accord-
ing to the expression of f1-AR autoantibodies. In the
DCM subgroup analysis, we found that the percent-
age of B1 cells in patients with DCM who were f1-AR
autoantibody-positive was significantly lower than that
in B1-AR autoantibody-negative patients (1.8440.78%
vs. 3.05+1.56%, P=0.02) (Fig. 2B). However, similar
results were not observed for Tr cells (6.10£6.09% vs.
7.10+3.78%, P=0.61) (Fig. 2D). In addition, in the HF
subgroup analysis, we did not detect a significant differ-
ence in the proportions of B1 and Tr cells (2.25+0.94%
vs. 3.79+£2.32%, P=0.18; 2.30 £ 1.75% vs. 3.88 =2.90%,

P=0.28) between p1-AR antibody-positive and f1-AR
antibody-negative patients with HF (Additional file 1:

Fig. S4 A, B).

Interestingly, plasma NT-proBNP
(14,932.09+1655.47  vs.  5024.36+£863.16  pg/
ml, P=0.04) and hs-CRP (7.075+3.187 vs.

3.049+£2.939 mg/L, P=0.01) levels in patients with
DCM who were positive for f1-AR autoantibodies were
significantly higher than those in patients negative for
B1-AR autoantibodies (Fig. 6). However, the plasma
levels of IgM (1.80+0.56 vs. 1.57 £0.82, P=0.39), IgG
(9.93+£3.83 vs. 9.17 +4.85, P=0.64), [gG3 (2.94+1.19
vs. 2.99+1.87, P=0.93), IL-10 (13.04+4.32 vs.
11.02+5.55, P=0.28) and TNF-a (11.42+7.33 vs.
8.20+8.20, P=0.27) were similar in the two subgroups
(Figs. 4A, 5A).

We further clarified the relationship between beta-
blockers, p1-AR autoantibodies and Bl cells by ana-
lysing the three variables in the DCM subgroup. The
proportion of Bl cells was negatively correlated with
B1-AR autoantibodies (R=-0.377, P=0.02), but no
correlation was observed between beta-blocker admin-
istration (R=0.024, P=0.88) and the B1 cell propor-
tion and f1-AR autoantibodies (R=0.042, P=0.82).
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B1 cells were negatively correlated with NT-proBNP
levels and positively correlated with the LVEF in patients
with DCM
A correlation analysis was performed to investigate the
association between the percentages of Bl and Tr cells
and the severity and prognosis of DCM. The percentage
of B1 cells in the DCM group was negatively correlated
with NT-proBNP levels (R=-0.532, P<0.01), positively
correlated with the LVEF (R=0.457, P=0.02), and
not correlated with hs-CRP levels (R=0.248, P=0.21)
(Fig. 7A-C). However, the correlations between the per-
centage of Tr cells and NT-proBNP levels (R=-0.209,
P=0.23), LVEF (R=0.029, P=0.89) and hs-CRP levels
(R=-0.001, P=0.99) were not significant (Fig. 7D-F).
Next, we further explored the role of the disease dura-
tion on the abnormal distribution of Bl cells and tran-
sitional B cells in the peripheral blood of patients with
DCM. The results of the correlation analysis showed
no significant correlations between the proportions of
Bl cells (R=-0.198, P=0.32) and Tr cells (R=0.056,
P=0.78) and the disease duration in the DCM group
(Additional file 1: Fig. S5 A, B).

Discussion

In the present study, we used multicolour flow cytome-
try to reveal for the first time that the percentages of B1,
USwM and SwM cells decreased and the percentage of
Tr cells increased in patients with DCM compared with
healthy individuals. The decrease in percentage of Bl
cells in patients with plasma P1-AR autoantibody-posi-
tive DCM was more significant than that in patients with
B1-AR autoantibody-negative DCM. The percentage of
B1 cells in patients with DCM was negatively correlated
with NT-proBNP levels and positively correlated with the
LVEE.

Bl cells are unique cells involved in the immune
response that play different roles in autoimmune diseases
by producing immunoglobulins, presenting antigens to
T cells and secreting immunomodulatory cytokines[8].
Different distributions of Bl cells in the peripheral cir-
culation are observed in patients with various systemic
immune diseases. The proportion of Bl cells is signifi-
cantly increased in patients with SLE, and B1 cells stim-
ulate the activation and proliferation of CD4" T cells
[21]. In contrast, the percentage of Bl cells decreases in
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levels in patients with DCM who were 1-AR autoantibodies-positive
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patients. Bars represent the means = standard deviation. Data were
compared using independent sample ¢ test. *P <0.05

patients with chronic graft-versus-host disease after allo-
geneic haematopoietic stem cell transplantation [22] and
in patients with recurrent multiple sclerosis [17]. In the
present study, the percentage of Bl cells decreased in
patients with DCM, but the explanation for the decrease
in B1 cells was unknown. In autoimmune arthritis and
lupus mouse models, Bl cells migrate mainly to the
spleen and inflammatory centres through signals gener-
ated by the CXCL13-CXCR5 axis [23, 24]. The decrease
in the percentage of B1 cells in the peripheral blood of
patients with multiple sclerosis is related to the increase
in the level of CD11b molecules that regulate the adhe-
sion and migration of B cells [17, 25]. Therefore, we spec-
ulated that the decrease in the percentage of Bl cells in
peripheral blood of patients with DCM may be related
to the redistribution of B1 cells into secondary lymphoid
organs or tissues.

B1 cells mainly secrete natural IgM, but also secrete a
small amount of IgG [15, 26]. The autoantibodies against
the heart generated in patients with DCM are mainly
IgG, especially IgG3. In addition, among many IL-10-se-
creting B cells, B1 cells are also one source of IL-10 [27].
The cytokine IL-10 exerts anti-inflammatory effects,
negatively regulates immunity, and exerts a protective
effect on the pathogenesis of DCM [28]. As shown in our
previous study, the number of IL-10-producing B cells
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in the peripheral blood of patients with DCM increase,
suggesting that these cells play an important role in the
pathogenesis of DCM [29]. Since then, Jiao et al. [16]
cocultured IL-10-producing B cells with helper T cells
in vitro and further confirmed that these Breg cells sig-
nificantly inhibit the secretion of TNF- « by helper T
lymphocytes and thus play a protective role in DCM. In
our study, the percentage of B1 cells in healthy individu-
als was approximately 2—5%. Due to the scarcity of Bl
cells, we found that although the percentage of Bl cells
decreased in patients with DCM, these cells did not exert
a significant effect on plasma total IgM, IgG, I1gG3, IL-10
and TNF-a levels.

Notably, we found that the decrease in the percentage
of B1 cells was positively correlated with the decrease in
the LVEF and negatively correlated with the increase in
NT-proBNP levels. Generally, the LVEF decreases and
NT-proBNP levels increase in patients with DCM, sug-
gesting the occurrence of cardiac insufficiency and heart
failure [30—32]. Therefore, the decrease in the B1 cell per-
centage in patients with DCM may be closely associated
with the deterioration of cardiac function and heart fail-
ure. These observations suggest that the abnormal distri-
bution of B1 cells may be involved in the pathogenesis of
DCM.

Tr cells are intermediates in the development of mature
human B cells. The stage of Tr cell differentiation is the
key stage for the immune system to activate negative
selection for the development of B lymphocytes. The
deviation and abnormal proliferation of autoimmune Tr
cells are considered the main causes of autoimmune dis-
eases [33]. The number of Tr cells increase significantly in
patients with autoimmune diseases such as multiple scle-
rosis, SLE and primary Sjogren’s syndrome. The extent to
which the proportion of Tr cells increases is related to the
activity of SLE and primary Sjogren’s syndrome, suggest-
ing that an increase in the proportion of Tr cells in vivo
directly or indirectly leads to the occurrence of autoim-
mune diseases [19, 34]. Consistent with previous studies
[19, 34], our study reported an increase in the proportion
of Tr cells in the peripheral blood of patients with DCM.
However, the specific mechanism underlying the increase
in the percentage of Tr cells in patients with DCM is
unclear. According to previous studies, the main cause
of the pathological increase in the number of Tr cells in
peripheral blood is related to the release of a large num-
ber of Tr cells from bone marrow into circulation or the
obstruction of migration to secondary lymphoid organs
[35]. Notably, the correlation analysis showed that the
percentage of Tr cells in the peripheral blood of patients
with DCM was not related to the percentage of B1 cells,
indicating that the increase in the percentage of Tr cells
was not caused by the decrease in the percentage of Bl
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cells. Therefore, the increase in the percentage of Tr cells
may be involved in the disorder of autoimmune regula-
tion in patients with DCM.

Recent research clarifies that memory B cells are
closely associated with autoimmune diseases mediated
by antibodies. The decreased numbers SwM and USwM
cells are negatively correlated with the disease activity of
SLE and primary Sjogren’s syndrome [19]. In our study,
although we also found that the percentages of peripheral
SwM and USwM cells were lower in patients with DCM
than in healthy individuals, further comparison revealed
similar decrease in the proportions of SwM and USwM
cells in patients with DCM and patients with heart fail-
ure. These results suggest that the decrease in the per-
centages of SWM and USwM cells may be related to the
cause of heart failure, and are not caused by DCM.

The production of anti-cardiac autoantibodies is
caused by the loss of tolerance to cardiac self-antigens,
which is an important hallmark of immune dysregu-
lation in patients with DCM. Autoantibodies against
B1-AR not only increase susceptibility to heart failure
but also play a pathogenic role in myocardial remodel-
ling by exerting sympathomimetic-like effects induced

by binding to p1-AR [6]. Moreover, f1-AR autoanti-
bodies promote cardiomyocyte apoptosis. Therefore,
the appearance of f1-AR autoantibodies in the periph-
eral circulation is closely related to the increase in fatal
ventricular arrhythmias, sudden death, and all-cause
and cardiac mortality in patients with DCM [36-39].
In the present study, we found that the positive rate of
B1-AR autoantibodies in patients with DCM was sig-
nificantly higher than that in patients with heart fail-
ure and healthy subjects. Moreover, compared with
B1-AR autoantibody- negative subjects, the percentage
of B1 cells decreased more significantly in patients with
DCM who were positive for f1-AR autoantibodies. The
correlation analysis further confirmed that the propor-
tion of B1 cells was negatively correlated with the level
of B1-AR autoantibodies in patients with DCM. Based
on these results, the decrease in the proportion of Bl
cells in the peripheral blood of patients with DCM is
closely related to the increased levels of f1-AR autoan-
tibodies, indirectly suggesting that the decrease in the
proportion of B1 cells in peripheral blood may increase
the incidence of heart failure and mortality in patients
with DCM.
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Accumulating evidence confirms that Bl cells secrete
polyclonal natural IgM antibodies that bind to a variety
of immunogenic intracellular autoantigens expressed on
the surface of apoptotic cells and accelerate the clearance
of autoantigens by macrophages [12]. Once immune tol-
erance to apoptotic cells is disrupted, it will lead to the
occurrence of a variety of chronic inflammation-related
autoimmune diseases, including SLE, Sjogren’s syn-
drome, and multiple sclerosis [11]. In the present study,
we found that the proportion of B1 cells in patients with
DCM was negatively correlated with the levels of f1-AR
autoantibodies. Therefore, we speculated that with the
decrease in the percentage of Bl cells in the peripheral
blood of patients with DCM, the secretion of natural IgM
also decreases, which affects the clearance of autoanti-
bodies against apoptotic heart cells, which may explain
the increase in B1-AR autoantibody levels in patients
with DCM.

Although the mechanism by which a decrease in Bl
cell numbers aggravates DCM is unclear, this pilot study
reveals that decreased in the percentage of Bl cells are
closely related to the decrease in the LVEF, the increase
NT-proBNP levels and the increase in f1-AR autoanti-
body levels, indicating that decreased Bl cell numbers
will exacerbate the deterioration of cardiac function and
the progression of heart failure in patients with DCM.
Therefore, the proportion of Bl cells in peripheral blood
may be used as a potential biomarker to evaluate the
severity of DCM.

Conclusion

The present study documented an aberrant decrease in
the percentage of B1 cells, especially in p1-AR autoanti-
body-positive patients, but a significant increase in the
percentage of Tr cells in the peripheral blood of patients
with idiopathic DCM, indicating that B1 cells and Tr
cells may be involved in the pathogenesis of DCM. The
decrease in percentage of Bl cells is directly related to the
severity of DCM. Further studies of a larger sample are
needed to verify these findings and to clarify the role of B
cell subsets in the immune pathogenesis of DCM.

Limitations

The principal limitations of this study are that it is a small-
sample observational study, and only one point in the dis-
ease process was observed. Because the numbers of B1 and
Tr cells in peripheral blood are very limited, sort Bl cells
and Tr cells from patients with DCM are very difficult to
sort for a functional evaluation. In addition, most of the
subjects in this study were male, and thus these results may
not be extrapolated to female patients. Larger cohorts of
patients need to be recruited for further prospective studies
to verify our findings and elucidate the pathophysiological
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functions and prognostic value of B cell subsets in patients
with DCM.

Abbreviations

DCM: Dilated cardiomyopathy; B1-AR: 31 Adrenergic receptor; NT-proBNP:
N-terminal pro-brain natriuretic peptide; LVEF: Left ventricular ejection frac-
tion; Tr: Transitional B cells; USwM: Unswitched memory B cells; SwM: Switched
memory B cells; TNF-a: Tumor necrosis factor alpha; Breg: Regulatory B cells;
PB: Plasmablast; IL.-10: Interleukin-10; SLE: Systemic lupus erythematosus;
LVEDD: Left ventricular end diastolic diameter; PBMCs: Peripheral blood mono-
nuclear cells; PBS: Phosphate-buffered saline; OD: Optical density; MAP: Mean
arterial pressure; LVPWd: Diastolic left ventricular posterior wall thickness;
hs-CRP: High sensitivity C-reactive protein; DN: Double negative B cells.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512872-022-02461-8.

Additional file 1: Fig. S1. Comparison of CD19% B cells and CD207 B cells
among DCM, HF and HC groups. Fig. $2. Comparison of CD5™" B cells and
Breg cells among DCM, HF and HC groups. Fig. S3. Comparison of B cell
subsets in patients with DCM with an LVEF 30%-45% and LVEF less than
309%. Fig. S4. Comparison of B1 cells and Tr cells in HF subgroups. Fig. S5.
Correlation between the percentages of B1 and Tr cells and the disease
duration in patients with DCM.

Acknowledgements
None.

Authors’ contributions

QT, ZC, JL enrolled patients, collected samples, conducted the experiments.
QT, LJ wrote the manuscript. JD, LQ, FL collected data, performed statisti-
cal analysis of the data. WW participated in the study design, provided the
fund, helped review manuscript. All authors read and approved the final
manuscript.

Funding
This study was supported by the National Natural Science Foundations of
China (nos. 81670345).

Availability of data and materials
All data generated or analyzed in this study are included in this paper.

Declarations

Ethics approval and consent to participate

This study is consistent with the principles outlined in the declaration of
Helsinki and was approved by the Ethics Committee of first affiliated Hospital
of Guangxi Medical University and obtained informed consent from all partici-
pants included in the study.

Competing interests
The author states that there is no competing interest between them.

Consent for publication
Not applicable.

Author details

'Department of Cardiology, First Affiliated Hospital of Guangxi Medical Univer-
sity, Guangxi Cardiovascular Institute, Shuangyong Road 6, Nanning 530021,
Guangxi, People’s Republic of China. 2Department of Cardiology, Fifth
Affiliated Hospital of Guangxi Medical University, Nanning 530022, Guangxi,
People’s Republic of China.


https://doi.org/10.1186/s12872-022-02461-8
https://doi.org/10.1186/s12872-022-02461-8

Tang et al. BMC Cardiovascular Disorders

(2022) 22:78

Received: 31 May 2021 Accepted: 13 January 2022
Published online: 04 March 2022

References

1.

20.

21.

22.

McKenna WJ, Maron BJ, Thiene G. Classification, epidemiology, and global
burden of cardiomyopathies. Circ Res. 2017;121(7):722-30.

Richardson P, McKenna W, Bristow M, et al. Report of the 1995 World
Health Organization/International Society and Federation of Cardiology
Task Force on the Definition and Classification of cardiomyopathies.
Circulation. 1996;93(5):841-2.

Zhao L, Fu Z. Roles of host immunity in viral myocarditis and dilated
cardiomyopathy. J Immunol Res. 2018;2018:5301548.

Schultheiss HP, Fairweather D, Caforio A, et al. Dilated cardiomyopathy.
Nat Rev Dis Primers. 2019;5(1):32.

Meier LA, Binstadt BA. The contribution of autoantibodies to inflamma-
tory cardiovascular pathology. Front Immunol. 2018;9:911.

Du Y, Yan L, Wang J, et al. B1-Adrenoceptor autoantibodies from DCM
patients enhance the proliferation of T lymphocytes through the 31-AR/
cAMP/PKA and p38 MAPK pathways. PLoS ONE. 2012;7(12):e52911.
Tschope C, Van Linthout S, Spillmann F, et al. Targeting CD20+ B-lympho-
cytes in inflammatory dilated cardiomyopathy with rituximab improves
clinical course: a case series. Eur Heart J Case Rep. 2019;3(3):ytz131.
Baumgarth N. A Hard(y) look at B-1 cell development and function. J
Immunol. 2017;199(10):3387-94.

Kyaw T, Tay C, Krishnamurthi S, et al. B1a B lymphocytes are atheroprotec-
tive by secreting natural IgM that increases IgM deposits and reduces
necrotic cores in atherosclerotic lesions. Circ Res. 2011;109(8):830-40.
Lobo PI. Role of natural IgM autoantibodies (IgM-NAA) and IgM anti-
leukocyte antibodies (IgM-ALA) in regulating inflammation. Curr Top
Microbiol Immunol. 2017;408:89-117.

. Miles K, Simpson J, Brown S, Cowan G, Gray D, Gray M. Immune tolerance

to apoptotic self is mediated primarily by regulatory B1a cells. Front
Immunol. 2017;8:1952.

Chen'Y, Park YB, Patel E, Silverman GJ. IgM antibodies to apoptosis-associ-
ated determinants recruit C1q and enhance dendritic cell phagocytosis
of apoptotic cells. J Immunol. 2009;182(10):6031-43.

Silverman GJ. Protective natural autoantibodies to apoptotic cells:
evidence of convergent selection of recurrent innate-like clones. Ann N'Y
Acad Sci. 2015;1362(1):164-75.

Duddy M, Niino M, Adatia F, et al. Distinct effector cytokine profiles of
memory and naive human B cell subsets and implication in multiple
sclerosis. J Immunol. 2007;178(10):6092-9.

Quéch TD, Rodriguez-Zhurbenko N, Hopkins TJ, et al. Distinctions among
circulating antibody-secreting cell populations, including B-1 cells.
Human Adult Peripheral Blood J Immunol. 2016;196(3):1060-9.

Jiao J, Lu'YZ, Xia N, Wang YQ, Tang TT, Nie SF, et al. Defective circulating
regulatory B cells in patients with dilated cardiomyopathy. Cell Physiol
Biochem. 2018;46(1):23-35.

Torring C, Petersen CC, Bjerg L, Kofod-Olsen E, Petersen T, Hollsberg P. The
B1-cell subpopulation is diminished in patients with relapsing-remitting
multiple sclerosis. J Neuroimmunol. 2013;262(1-2):92-9.

Tony HP, Roll P, Mei HE, et al. Combination of B cell biomarkers as inde-
pendent predictors of response in patients with rheumatoid arthritis
treated with rituximab. Clin Exp Rheumatol. 2015;33(6):887-94.

Szabd K, Papp G, Szantd A, Tarr T, Zeher M. A comprehensive investigation
on the distribution of circulating follicular T helper cells and B cell subsets
in primary Sjogren’s syndrome and systemic lupus erythematosus. Clin
Exp Immunol. 2016;183(1):76-89.

Pinto YM, Elliott PM, Arbustini E, Adler Y, Anastasakis A, Bhm M, et al.
Proposal for a revised definition of dilated cardiomyopathy, hypokinetic
non-dilated cardiomyopathy, and its implications for clinical practice: a
position statement of the ESC working group on myocardial and pericar-
dial diseases. Eur Heart J. 2016;37(23):1850-8.

Griffin DO, Rothstein TL. A small CD11b(+) human B1 cell sub-
population stimulates T cells and is expanded in lupus. J Exp Med.
2011,208(13):2591-8.

Moins-Teisserenc H, Busson M, Herda A, et al. CD19+CD5+ B cells and

B1-like cells following allogeneic hematopoietic stem cell transplantation.

Biol Blood Marrow Transplant. 2013;19(6):988-91.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Page 13 of 13

. Deng J,Wang X, Chen Q, et al. B1a cells play a pathogenic

role in the development of autoimmune arthritis. Oncotarget.
2016;7(15):19299-311.

Ishikawa S, Matsushima K. Aberrant B1 cell trafficking in a murine model
for lupus. Front Biosci. 2007;12:1790-803.

Kawai K, Tsuno NH, Matsuhashi M, et al. CD11b-mediated migra-

tory property of peripheral blood B cells. J Allergy Clin Immunol.
2005;116(1):192-7.

Rodriguez-Zhurbenko N, Quach TD, Hopkins TJ, Rothstein TL, Hernandez
AM. Human B-1 cells and B-1 cell antibodies change with advancing age.
Front Immunol. 2019;10:483.

Griffin DO, Rothstein TL. Human “orchestrator” CD11b(+) B1 cells spon-
taneously secrete interleukin-10 and regulate T-cell activity. Mol Med.
2012;18(1):1003-8.

[to M, Takahashi H, Fuse K, et al. Polymorphisms of tumor necrosis factor-
alpha and interleukin-10 genes in Japanese patients with idiopathic
dilated cardiomyopathy. Jpn Heart J. 2000;41(2):183-91.

GuoY, Cen Z, Wei B, Wu W, Zhou Q. Increased circulating interleukin
10-secreting B cells in patients with dilated cardiomyopathy. Int J Clin Exp
Pathol. 2015,8(7):8107-14.

Murphy SP, Ibrahim NE, Januzzi JL Jr. Heart failure with reduced ejection
fraction: a review. JAMA. 2020;324(5):488-504.

Cao Z, JiaY, Zhu B. BNP and NT-proBNP as diagnostic biomarkers for
cardiac dysfunction in both clinical and forensic medicine. Int J Mol Sci.
2019;20(8):18.

Geng Z, Huang L, Song M, Song Y. N-terminal pro-brain natriuretic pep-
tide and cardiovascular or all-cause mortality in the general population: a
meta-analysis. Sci Rep. 2017,7:41504.

ChaozhiT, Min L, Yaru W, Wensheng W. The role of transitional B

cells in the pathogenesis of autoimmune diseases. Chin J Immunol.
2019;35(01):114-7.

Guerrier T, Labalette M, Launay D, et al. Proinflammatory B-cell profile in
the early phases of MS predicts an active disease. Neurol Neuroimmunol
Neuroinflamm. 2018;5(2):e431.

Wehr C, Eibel H, Masilamani M, et al. A new CD21low B cell popula-

tion in the peripheral blood of patients with SLE. Clin Immunol.
2004;113(2):161-71.

Jane-wit D, Altuntas CZ, Johnson JM, Yong S, Wickley PJ, Clark P, et al.
Beta 1-adrenergic receptor autoantibodies mediate dilated cardiomyo-
pathy by agonistically inducing cardiomyocyte apoptosis. Circulation.
2007;116(4):399-410.

Iwata M, Yoshikawa T, Baba A, Anzai T, Mitamura H, Ogawa S. Autoanti-
bodies against the second extracellular loop of betal-adrenergic recep-
tors predict ventricular tachycardia and sudden death in patients with
idiopathic dilated cardiomyopathy. J Am Coll Cardiol. 2001;37(2):418-24.
Fukuda Y, Miyoshi S, Tanimoto K, Oota K, Fujikura K, Iwata M, et al. Autoim-
munity against the second extracellular loop of beta(1)-adrenergic recep-
tors induces early afterdepolarization and decreases in K-channel density
in rabbits. J Am Coll Cardiol. 2004;43(6):1090-100.

Stork S, Boivin V, Horf R, Hein L, Lohse MJ, Angermann CE, et al. Stimulat-
ing autoantibodies directed against the cardiac betal-adrenergic recep-
tor predict increased mortality in idiopathic cardiomyopathy. Am Heart J.
2006;152(4):697-704.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	The abnormal distribution of peripheral B1 cells and transition B cells in patients with idiopathic dilated cardiomyopathy: a pilot study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Patients and healthy individuals
	Blood sample preparation
	Flow cytometry
	ELISA
	Statistical analysis

	Results
	Basic clinical characteristics and general blood parameters
	Abnormal distribution of peripheral B1, Tr, USwM and SwM cell subsets in patients with DCM
	Plasma levels of IgM, IgG and IgG3 were not affected by the abnormal distribution of B cell subsets in patients with DCM
	Plasma IL-10 and TNF-α levels were not affected by the abnormal distribution of B cell subsets in patients with DCM
	The percentage of B1 cells was significantly decreased in β1-AR autoantibody-positive patients with DCM
	B1 cells were negatively correlated with NT-proBNP levels and positively correlated with the LVEF in patients with DCM

	Discussion
	Conclusion
	Limitations
	Acknowledgements
	References


