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Abstract
Background Acute coronary syndrome (ACS) is a complex cardiovascular disease whose development involves the dysregu-
lation of adaptive immune responses. Though it has been proven that T cells associate with inflammation in the development 
of ACS, the function of B cells in disease remains unclear.
Objective The aim of this study was to reveal the diversity of the B cell receptor (BCR) repertoire of patients with ACS.
Methods We conducted a pilot study to sequence the immune repertoire of peripheral blood mononuclear cells (PBMCs) 
from patients with ACS, including acute myocardial infarction (AMI) and unstable angina (UA), and quantitatively charac-
terized BCR repertoires by bioinformatics analysis.
Results We found that patients with AMI and UA had lower BCR repertoire diversity compared with controls with normal 
coronary arteries (NCA). Lower percentages of productive unique BCR nt sequences and higher percentages of top 200 
unique BCR sequences were identified in AMI and UA patients than NCA controls. Patients had various preferential usage 
of V and J genes from B cell clones in accordance with the disease severity of coronary arteries. AMI patients had distinct 
CDR3 amino acids, and their frequency differed among patients with ACS.
Conclusions Our results indicate that differential BCR signatures represent an imprint of distinct repertoires among ACS 
patients. This study thereby opens up the prospect of studying disease-relevant B cells to better understand and treat ACS.

Keywords Acute coronary syndrome (ACS) · B cell receptor (BCR) · Repertoires · High-throughput sequencing · 
Bioinformatics analysis

Introduction

Cardiovascular disease (CVD) is the main cause of death 
worldwide, leading to 17.3 million deaths per year, and CVD 
mortality is expected to rise to 23.6 million by 2030 (Laslett 
et al. 2012; Smith et al. 2012). Acute coronary syndrome 
(ACS) is the most common and severe type of coronary heart 
disease (CHD), mainly affecting elderly and postmenopausal 
women, and manifests as acute myocardial infarction (AMI) 
and unstable angina (UA) (Allan et al. 2013; Saeed et al. 
2017). It is associated with smoking, hypertension, diabetes, 
hyperlipidemia, abdominal obesity, and a family history of 
early-onset CHD. Hemostatic abnormalities such as changes 
in procoagulant activity also play a role as a pivotal event 
in the pathophysiology of CHD (Słomka et al. 2017, 2018).

Adaptive immunity dysregulation has an important func-
tion in ACS development (Crea and Liuzzo 2013). The role 
of T cells in ACS is well characterized (Liuzzo et al. 2013). 
In our previous study, we had revealed the distinct T cell 
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receptor (TCR) repertoires in patients with ACS and demon-
strated the presence of disease associated T-cell clonotypes 
(Liu et al. 2020). But the role of B cells remains unclear. 
B cells produces antibody variety of antibodies role in 
responses to stress, injury, and infection. Through cell–cell 
contact, antigen presentation, and cytokine production, and 
B cells participate in systemic and local immune responses 
in atherosclerotic arteries (Sage et al. 2019). B cell-asso-
ciated protective immunity was reported to reduce disease 
progression of atherosclerosis in animal models (Caligiuri 
et al. 2002), suggesting that targeting the B cell activating 
factor pathway or the anti-CD20 antibody could reduce ath-
erosclerosis; the balance of B cell subtypes was also pro-
posed to be involved in the development of atherosclerosis 
(Ait-Oufella et al. 2010).

Immune repertoire sequencing (IR-SEQ) can be used to 
identify the complementarity-determining region (CDR) 
diversity of B cell receptors (BCRs), so could help us assess 
the diversity of the immune system and analyze the relation-
ship between immune functions and disease (Georgiou et al. 
2014; Jackson et al. 2013). In the present study, we analyzed 
the BCR repertoire in peripheral blood mononuclear cells 
(PBMCs) from patients with ACS using IR-SEQ. Our work 
focused on producing a comprehensive, unrestricted BCR 
immunogenetic characterization from ACS patients.

Materials and methods

Ethics statement

This study was performed in accordance with ethical stand-
ards specified by the Declaration of Helsinki and its amend-
ments, and was approved by the Ethics Committee of Human 
Clinical Research at Meizhou People’s Hospital, Meizhou 
Hospital Affiliated to Sun Yat-sen University, Guangdong 
Province, China (No.: MPH-HEC 2016-A-43).  Written con-
sent was obtained from each patient.

Patients

Patients were diagnosed with ACS in the Cardiology 
Department of Meizhou People’s Hospital according to the 
published guidelines (Damman et al. 2017; Müller 2012). 
Briefly, UA patients should meet the following conditions: 
(1) angina-like chest pain or ischemic equivalent; (2) elec-
trocardiographic abnormalities compatible on at least two 
contiguous leads; (3) at least one major pericardial vessel 
with > 70 % stenosis. AMI patients should meet the above 
conditions plus: (4) abnormalities above the upper normal 
limit for myocardial necrosis biomarkers (troponin and/
or CKMB). Normal coronary artery (NCA) patients were 
defined as no stenosis in coronary arteries by quantitative 

coronary angiography and served as controls in this study. 
Patients were excluded if having following conditions: 
impaired left ventricular ejection fraction ≤ 45 %, congestive 
heart failure, chronic kidney or hepatic disease, malignant 
disease.

Baseline data including smoking status, the presence of 
diabetes mellitus and dyslipidemia, and blood lipid levels. 
To assess drug usage, we collected the usage of angioten-
sin-converting enzyme inhibitors or angiotensin antibod-
ies, nitrate esters, clopidogrel, statins,  Ca2+ antagonists and 
β-blockers.

Sample collection

Venous blood samples were collected and placed in EDTA 
anticoagulant tubes. Peripheral blood mononuclear cells 
(PBMCs) were separated immediately using density gradient 
centrifugation (Ficoll-Paque, GE Healthcare, Boston, USA), 
and stored in − 80 °C for use.

RNA extraction and library preparation

Total RNA was extracted from PBMCs using TRIzol™ rea-
gent (Invitrogen, California, USA). RNA concentration and 
integrity was determined on a NanoDrop ND-2000 spectro-
photometer (Thermo Fisher Scientific, Massachusetts, USA) 
and agarose gel electrophoresis. For cDNA synthesis, a total 
of 2 µg RNA was used for reverse transcription with Super-
Script II reverse transcriptase (Invitrogen, California, USA) 
according to the manufacturer’s protocol. The cDNA was 
used as a template for library construction. Briefly, a pool of 
primers containing 12 V-area specific forward primers and 
4 J-area reverse primers was applied for amplification of 55 
functional V genes and 6 functional J genes using a com-
mercial QIAGEN Multiplex PCR Kit (Qiagen, Dusseldorf, 
Germany). The sequences of primers are shown in Table 1. 
Amplification cycling was performed as follows: pre-dena-
turation at 95 °C for 15 min, then 30 cycles of 94 °C for 30 s, 
60 °C for 90 s, and 72 °C for 30 s, with a final extension at 
72 °C for 5 min. The PCR products were purified using the 
QIAquick PCR purification kit (Qiagen, Dusseldorf, Ger-
many) and the sequence adaptors were ligated. The qualified 
library was used for sequencing.

High throughput sequencing

Cluster generation, template hybridization, isothermal 
amplification, linearization, blocking, denaturation, and 
hybridization of the sequencing primers were performed 
on IMonitor as previously described (Zhang et al. 2015). 
Paired-end sequencing of samples was carried out with a 
read length of 150 bp on an Illumina HiSeq™ Xten platform 
(Illumina, California, USA) in ShenZhen Realomics Inc.
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Bioinformatics analysis

First, a quality control check was performed to filter data 
suitable for subsequent analysis with following parameters: 
average ratio of Q30 > 80 % and average error rate < 0.1 %. 
Trimmomatic and FLASH software was used to filter out 
the sequences of joints, barcode sequences, and read over-
laps (Magoč and Salzberg 2011). Next, paired reads were 
merged, then paired-reads and single end-reads were aligned 
with mismatches and indels. Then, MiXCR was used for 
BCR sequence alignment over the entire length of the refer-
ence sequence to extract valid clone information (Bolotin 
et al. 2015). The aligned sequences were mapped to V, D, 
and J gene reference sequences in the IMGT database (http:// 
www. imgt. org/) as previously described (Giudicelli and 
Lefranc 2011). Finally, the correct sequences were grouped 
into clonal types, such as CDR3, and reads of poor qual-
ity were collected for further analysis. Subsequent cloning 
was performed based on the information distribution, gene 
recombination, diversity analysis, and other in-depth min-
ing; the complete process is shown in Fig. 1.

Statistical analysis

Data was represented as the mean ± SEM. Comparisons 
between groups were performed using one-way analysis of 
variance using GraphPad Prism software (Version 6.01). 
BCR diversity index distribution was shown using the Shan-
non–Weiner coefficient. The BCR overlap was calculated 
as described (Liaskou et al. 2016), based on the number of 

Table 1  The primers for multiplex PCR

Primer Sequence

Forward Primer GHV1-18 AGA GTC ACC ATG ACC ACA 
GAC 

IGHV1-2/1–46 AGA GTC ACCAKKACC AGG 
GAC 

IGHV1-24 AGA GTC ACC ATG ACC GAG 
GAC 

IGHV1-3/1–45 AGA GTC ACC ATT ACY AGG 
GAC 

IGHV1-69/1-f AGA GTC ACG ATW ACC RCG 
GAC 

IGHV1-8 AGA GTC ACC ATG ACC AGG 
AAC 

IGH2-70/26/5 ACC AGG CTC ACC ATY WCC 
AAGG 

IGHV3 GGC CGA TTC ACC ATCTCMAG
IGH4 CGA GTC ACC ATR TCMGTA 

GAC 
IGHV5-51 CAG CCG ACA AGT CCA TCA GC
IGHV6-1 AGT CGA ATA ACC ATC AAC 

CCAG 
IGHV7 GAC GGT TTG TCT TCT CCT TG

Reverse Primer IGHJ CTG AGG AGA CGG TGA CCR 
KKGT

Fig. 1  Bioinformatics analysis 
process

http://www.imgt.org/
http://www.imgt.org/
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common amino acid clonotypes in two samples: (number 
of common amino acid clonotypes in the two samples × 2) 
/ (total number of amino acid clonotypes in sample 1 + total 
number of amino acid clonotypes in sample 2) ×100. The 
average of all samples in each group was reported. The 
CDR3 aa grand average of hydropathy (GRAVY) was cal-
culated based on the Kyte and Doolittle method. *P < 0.05 
was considered statistically significant.

Results

Data description and BCR repertoire distribution 
in ACS patients

A total of 30 individuals were enrolled in three groups 
(NCA, AMI, and UA) with 10 patients per group (Table 2). 
There were no differences in serum lipid profiles or medical 
histories among the groups.

Total sequence numbers for BCR repertoire distribu-
tions were: 3.8 ×  106 to 5.3 ×  106 for NCA, 3.9 ×  106 to 
7.0 ×  106 for AMI, and 3.9 ×  106 to 5.5 ×  106 for UA. After 
bioinformatics analysis, high-quality merged sequence 
numbers were: 3.6 ×  106 to 5.0 ×  106 for NCA, 3.6 ×  106 to 
6.6 ×  106 for AMI, and 3.6 ×  106 to 5.1 ×  106 for UA. Detailed 
sequence information is shown in Table S1.

The clone distribution of BCR repertoires in NCA, AMI, 
and UA groups is shown in Fig. 1. The NCA group had 
the highest amino acid (aa) diversity (14.14 ± 0.53), which 
was significantly higher than that in AMI (11.75 ± 0.49, 
P < 0.01) and UA groups (12.02 ± 0.57, P < 0.05) (Fig. 2a), 

representing a higher diversity of BCR repertoires. The 
NCA group also had a higher percentage of productive 
unique BCR nucleotide (nt) sequences (Fig. 2b), but the 
lowest percentage of top200 B cell receptor repertoire nt 
sequences (27.38 ± 3.08) compared with AMI (45.07 ± 3.79, 
P < 0.01) and UA groups (42.69 ± 4.26, P < 0.01) (Fig. 2c). 
The number of BCR repertoires was similar among the 
three groups, but AMI patients had significantly higher 
copies of sequences present at > 1 % compared with the 
NCA group (18 and 50, respectively), and UA patients had 
significantly higher numbers present at 1–0.1 % compared 
with the NCA group (832 and 1,320, respectively, P < 0.05) 
(Fig. 2d). These results suggest that ACS patients have dif-
ferent clone distributions of BCR repertoires compared with 
other groups, while AMI and UA patients had more produc-
tive unique BCR nt sequences than individuals in the NCA 
group.

B cells from individuals in different groups show 
varying V and J gene usage

BCR repertoires were shown to differ among individuals, 
depending on genetic background, induced antigens, and 
viral infection. Because V-D-J segments form the oligo-
clonal expansion of B cells, we analyzed the distribution 
of V and J genes among individuals. Compared with the 
NCA group, UA patients had a significantly lower percent-
age usage of IGHV2 (5.89 ± 0.50 vs. 3.89 ± 0.56, P < 0.05), 
IGHV4 (17.72 ± 0.54 vs. 17.03 ± 0.90, P < 0.05), IGHV5 
(13.64 ± 1.23 vs. 8.73 ± 1.21, P < 0.05), and IGHJ2P (1.00E-
03 ± 1.92E-04, P < 0.05) segments, but a higher percentage 

Table 2  Characteristics of the 
study population

NCA normal coronary arteries, AMI  acute myocardial infarction, UA  unstable angina, ACEI/ARB  angio-
tensin-converting enzyme inhibitors/angiotensin antibody, HDL high-density lipoprotein, LDL low-density 
lipoprotein, DM diabetes mellitus

Variables NCA (n = 10) AMI (n = 10) UA (n = 10) P value

Age, year 54.9 ± 5.6 58.9 ± 10.7 54.6 ± 6.8 0.419
Sex(F/M) 6/4 6/4 6/4
Smoker 0 6 0 NA
Diabetes mellitus 0 2 1 1
Dyslipidemia 2 2 3 0.603
Triglycerides, mmol/L 2.06 ± 1.79 1.36 ± 0.61 2.62 ± 2.86 0.732
Cholesterol, mmol/L 4.57 ± 1.28 4.16 ± 1.91 5.48 ± 1.50 0.181
HDL, mmol/L 1.17 ± 0.26 1.04 ± 0.44 1.15 ± 0.27 0.648
LDL, mmol/L 2.32 ± 0.85 2.48 ± 1.20 2.91 ± 0.74 0.370
Nitrate esters drug 0 0 2 NA
Clopidogrel 1 3 5 0.149
Statins 0 1 5 0.141
ACEI/ARB 0 2 3 1
Ca2+antagonist 0 1 3 0.582
β-Blocker 0 1 6 0.057
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usage of IGHV3 (24.14 ± 1.14, P < 0.05) (Fig. 3). Compared 
with the NCA group, AMI patients had a higher percentage 
usage of IGHV3 (24.14 ± 1.14 vs.31.69 ± 2.52, P < 0.05), 
but a lower usage of IGHV2 (5.89 ± 0.50 vs. 4.31 ± 0.54, 
P < 0.05) (Fig. 3). Regarding J gene usage, we only found a 
difference in IGHJ2P segment usage in AMI and UA patients 
compared with the NCA group (UA: 4.44E-04 ± 1.16 E-04, 
P < 0.05; AMI: 4.72E-04 ± 1.12 E-04, P < 0.05; and NCA: 
1.00E-03 ± 1.92E-04). Other segments of V and J gene usage 
showed no difference among NCA, AMI, and UA patients 
(Figures S1 and S2). These data demonstrate a preferential 
usage of V and J genes from B cell clones in ACS patients.

Overlap and distinct CDR3aa in BCR repertoires 
within rather than between groups

First, the degree of overlap in BCR repertoires both within 
groups and between groups was further analyzed. In the 
NCA group, an average overlap of 0.44 % was detected 
between any two patients, which was significantly higher 
than that in AMI patients (0.24 %, P < 0.05) and UA patients 

(0.27 %, P > 0.05) (Fig. 4a). For the unique clonotype overlap 
rate, 0.31 % was identified between NCA and AMI patients, 
and 0.28 % between NCA and UA patients (Fig. 4b). No 
difference was observed between groups. The hierarchical 
clustering of CDR3 aa found a total of 67 shared CDR3 aa 
between ACS and NCA patients (Fig. 5). Collectively, NCA 
patients had a higher average overlap than AMI and UA 
patients, and there was a sharing of BCR repertoires within 
AMI and UA groups.

The CDR3 region consists of V, D and J segments with no-
template nucleotides inserted or deleted at junctional sites. To 
investigate immunology characteristics specific to each group, 
we analyzed the frequencies of CDR3 aa (Table 3). A total of 9 
distinct CDR3 aa were found in the present study. Five CDR3 
aa clonotypes, namely CASSIGRNTGELFF, CATSRDSS-
GANVLTF, CASSLVGANVLTF, CASSVGGGTYEQYF, 
CASSLVLDTQYF, which were prevalent in NCA (9/10) 
were absent in AMI patients, and were found in fewer UA 
patients (< 4/10). Two CDR3 aa clonotypes, namely CASS-
RAQETQYF and CASSLDRPYEQYF were less prevalent in 
AMI and UA patients compared to NCA. Another two CDR3 

Fig. 2  Clonal distribution of B cells in NCA, AMI, and UA 
patients. a  The distribution of B cell clone frequencies through the 
measurement of amino acid diversity. b Percentage of produc-
tive unique BCR nt sequences in NCA, AMI, and UA patients. c 
The frequency of the top 200 BCR repertoire nt sequences in NCA, 

AMI, and UA patients. d The frequency distribution of BCR nt 
sequences from NCA, AMI, and UA patients. Data are represented 
as mean ± SEM of the group. Each dot represents a patient’s infor-
mation. Differences between groups were compared using the t-test. 
**P < 0.01 and *P < 0.05. nt nucleotide
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aa clonotypes, namely CASSLRYQETQYF and CSVEGQ-
GYEQYF were prevalent in NCA and AMI patients, while 

only found in one UA patient. These data reveal frequency dif-
ferences among distinct CDR3 aa clonotypes in ACS patients.

Fig. 3   V gene and J gene usage of clonotypes in the NCA, AMI, UA 
patients.  Data show the percentage frequency of V gene (A: IGHV2, 
B: IGHV3, C: IGHV4, D: IGHV5) and J gene (E: IGHJ2P) usage 
by clonotypes in NCA, AMI, UA patients. Data show mean ± SEM 

frequency. Each dot represents each individual patient’s information. 
Data were compared to NCA group using paired t tests. **P < 0.01 
and *P < 0.05

Fig. 4  Unique clonotype over-
lap rate in each and between 
groups. a The overlap of clono-
types in NCA, AMI, UA group. 
b The unique clonotype overlap 
rate between groups: AMI and 
NCA, UA and NCA, AMI and 
UA. *Indicate that the differ-
ence is significant (*P < 0.05) 
with one-way ANOVA
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Fig. 5  Heatmap of shared CDR3 aa sequences. The heatmap bar indicates the usage frequency of CDR3 aa gene segments in each sample

Table 3  Distinct CDR3 aa 
sequences and the frequencies

NCA normal coronary arteries, AMI acute myocardial infarction, UA unstable angina, aa amino acid, Aver-
Freq average frequency, GRAVY grand average of hydropathy hydrophobicity. $The same sequence. All the 
P value was < 0.05

CDR3/aa GRAVY pI NCA AMI UA

Case AvgFreq Case AvgFreq Case AvgFreq 

CASSIGRNTGELFF 0.257 6.23 9/10 1.26E-06 0/10 0 1/10 1.68E-06
CATSRDSSGANVLTF 0.080 6.16 9/10 2.79E-06 0/10 0 2/10 1.44E-06
CASSLVGANVLTF 1.440 5.25 9/10 1.17E-06 0/10 0 3/10 1.72E-07
CASSVGGGTYEQYF − 0.130 3.28 9/10 8.80E-06 0/10 0 4/10 1.68E-06
CASSLVLDTQYF 0.690 3.12 9/10 1.11E-06 0/10 0 3/10 2.17E-07
CASSRAQETQYF −0.810 6.13 10/10 8.90E-07 2/10 5.85E-06 1/10 1.17E-06
CASSLDRPYEQYF −0.760 4.07 10/10 1.70E-07 2/10 8.39E-06 1/10 1.76E-07
CASSLRYQETQYF −0.690 6.13 10/10 1.84E-06 6/10 6.40E-06 1/10 2.52E-06
CSVEGQGYEQYF −0.730 3.12 10/10 4.16E-07 7/10 1.63E-06 1/10 1.68E-07
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Discussion

High-throughput sequencing of BCR repertoire provides 
a way to advance our understanding of immune system by 
analyzing BCR properties in a large number of individuals. 
In this study, we characterized the BCR repertoire of ACS 
patients and found that: (1) AMI and UA patients have a 
lower CDR3 aa diversity compared with NCA patients;(2) 
AMI and UA patients have a lower percentage of produc-
tive unique BCR nt sequences, but a higher percentage of 
top200 BCR sequences compared with NCA patients; (3) 
a preferential usage of V and J genes exists among differ-
ent ACS patients; (4) AMI patients have distinct CDR3 aa 
with different frequencies to ACS patients. Here, we found 
that five CDR3 aa (CASSIGRNTGELFF, CATSRDSS-
GANVLTF, CASSLVGANVLTF, CASSVGGGTYEQYF, 
and CASSLVLDTQYF) were absent in AMI patients but 
were present in nine of 10 NCA patients. The four CDR3 
aa identified, CASSLRYQETQYF, CSVEGQGYEQYF, 
CASSRAQETQYF, and CASSLDRPYEQYF, were found 
in just one UA patient but in all NCA patients. Moreover, 
CASSRAQETQYF and CASSLDRPYEQYF were found 
in two AMI patients. Though we have identified different 
CDR3 aa among different groups of ACS patients, whether 
they affect the disease process or function to modulate 
inflammation in plaque formation remains unclear and 
requires further study.

ACS has been shown to correlate with inflammation. 
Moreover, inflammatory pathways not only regulate the 
formation of plaque in ACS patients, but also modulate 
the clinical consequences of thrombotic complications of 
atherosclerosis (Libby 2013). A balance exists between 
pro-inflammatory mechanisms and endogenous pathways 
that can promote the resolution of inflammation (Libby 
et al. 2014). T cells play an important role in the formation 
of plaque, similar to T-helper (Th) 1 cells. These secrete 
interferon-γ and activate macrophages to produce plaque-
forming molecules such as Toll-like receptors, while Th2 
and regulatory T cells secrete anti-inflammatory cytokines, 
like interleukin-10 and transforming growth factor-β, to 
delay inflammation (Ley et al. 2011; Libby et al. 2013). 
Studies have confirmed the role of macrophages and T 
cells in the formation and development of atherosclerotic 
plaque. It reveals the oxidized LDL and its oxidized spe-
cific antigen surface can recruit and activate macrophages 
and helper T cells, which can enlarge local inflammation 
and lead to atherosclerotic plaque progression.

Mature B cells express BCRs on the surface which 
specifically target exogenous antigens. The diversity of 
the BCR makes it possible for B cells to recognize thou-
sands of millions self or non-self-invaders and protect 
against microbial infections. During the development 

of atherosclerosis, different B cell subsets such as B1 
and B2 cell, play different roles. Natural IgM antibod-
ies, mainly deriving from B1 cells, have been proven to 
mediate atheroprotective effects. The oxidized low den-
sity lipoprotein (oxLDL)–specific natural IgM antibodies 
produced by B1 cell, which can be enhanced by interleu-
kin (IL)-5 stimulation, that block oxLDL uptake and foam 
cell formation(Fiskesund et al. 2010; Grönwall et al. 2012; 
Tsiantoulas et al. 2014; Tsimikas et al. 2012), but the role 
of other immunoglobulins, like IgG, in atherosclerosis is 
still unclear. B2 cells have been shown to promote inflam-
mation and plaque complication via the B cell-activating 
factor (BAFF) (Kyaw et al. 2012, 2013), while the use 
of an anti-BAFFR antibody in  ApoE−/− mice selectively 
deleted B2 cells and decreased plaque formation. A similar 
result was achieved using adoptive  CD19+ B cell transfer 
or CD20 antibody treatment of  ApoE−/− and  Ldlr−/− mice 
(Ait-Oufella et al. 2010; Caligiuri et al. 2002; Kyaw et al. 
2010).

Though the number of B cells in atherosclerotic plaques 
is small, a richness of B cells gather in the adventitia of 
atherosclerotic blood vessels to form local tertiary lymphoid 
tissue and regulate inflammatory reaction by antibodies and 
cytokines. The diversity of BCR repertoire has been found to 
be associated with many inflammatory diseases, such as mul-
tiple sclerosis (MS), systemic lupus erythematosus (SLE) 
and inflammatory bowel disease (IBD). Studies showed that 
variations in IGHV3 and IGHV 4, increased the risk of sys-
temic lupus erythematosus (SLE), and SLE patients with 
such variations were more susceptible to nephritis, as well as 
higher titers of anti-DNA antibodies (Bashford-Rogers et al. 
2018; Tipton et al. 2015). Previous study showed that B cell 
clonal expansion was observed in patients with MS, as well 
as the increased usage of the IGHV1 and IGHV4 genes (Bel-
trán et al. 2014). However, there are very limited studies on 
the relationship between BCR diversity and cardiovascular 
disease. A latest study by Zhang et al. found a skewed BCR 
repertoire in atherosclerosis plaques and revealed an asso-
ciation between BCR diversity and atherosclerosis (Zhang 
et al. 2021). In the present study, we found that ACS patients 
were more frequent in usage of IGVH3 gene, and the CDR3 
aa diversity was significantly different in peripheral blood. 
We identified 9 distinct CDR3 aa clonotypes that were dif-
ferentially distributed between NCA and ACS, which may 
have potential for clinical use as novel biomarkers.

There are some limitations in this study. First, the small 
sample size for IR-SEQ might compromise the conclusions. 
Second, the frequencies of CDR3 aa have not been further 
confirmed by clinical samples in a large scale. Third, the 
relationship between distinct CDR3 aa and ACS remains 
unclear, and more future work are needed to clarify it.

In summary, we report a comprehensive characterization 
of the immune profile of BCRs in ACS patients by IR-SEQ, 
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and identified candidate distinct CDR3 aa. Our future work 
will investigate the role of CDR3 aa in the ACS disease pro-
cess, characteristics of disease-associated clonotype aa, and 
antigenic triggers with the aim of developing target therapy 
for ACS patients.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13258- 021- 01110-2.
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