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Abstract: Type 2 diabetes mellitus (T2DM) is known as a
risk factor for coronary in-stent restenosis (ISR) in patients
with coronary artery disease (CAD). Evidence suggests that
B cells play a functional role in the progression of athero-
sclerotic lesions. However, the B cell receptor (BCR) reper-
toire in patients with ISR remains unclear. This study aims
to profile the BCR repertoire in patients with coronary ISR/
T2DM. A total of 21 CAD patients with or without ISR/T2DM
were enrolled. PBMCs were isolated and examined for
BCR repertoire profiles using DNA-seq. Our results showed
that the diversity of amino acid sequences in ISR DM
patients was higher than that in ISR —-DM patients. The
frequencies of 21V/] paired genes differed between ISR
DM and -ISR DM patients, while frequencies of 5V/J
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paired genes differed between ISR DM and ISR —~DM. The
—ISR —-DM group presented the highest clonotype overlap
rate, while ISR DM patients presented the lowest overlap
rate. Our study presented the BCR repertoires in patients
with ISR/T2DM. The data suggested different BCR signa-
tures between patients with ISR and T2DM. Further ana-
lysis of BCR profiles would enhance understanding of ISR.

Keywords: B cell receptor repertoire, repertoire sequen-
cing, in-stent restenosis, type 2 diabetes mellitus

1 Introduction

Coronary artery disease (CAD) is caused by atherosclerosis,
defined as proliferation, hypertrophy, and calcareous
deposition in the arterial wall, resulting in reduced vas-
cular elasticity, thrombosis, occlusion, stenosis, and other
changes [1]. Coronary stent implantation has enabled
management of the early complications associated with
plain balloon angioplasty. A stent implantation is cur-
rently the main percutaneous coronary intervention (PCI)
and has great advantages over balloon angioplasty [2].
Stent implantation can decrease the frequency of reste-
nosis by preventing elastic recoil and constrictive remo-
deling. In particular, drug-eluting stent (DES) implanta-
tion has led to a 5-10% reduction in the occurrence of
in-stent restenosis (ISR) [3]. The DES was coated with anti-
biotics and immune agents that inhibit intimal hyperplasia
on its outer layer, allowing the drug to slowly penetrate
into the blood vessels and avoid blood vessel obstruction
by scar tissue formed after implantation. ISR is currently
the major cause for recurrence of exertional angina pectoris
or acute coronary syndromes after coronary angioplasty.
Despite the lower occurrence of ISR through advances in
stent design and polymers, it is challenging to treat stenosis
once it has occurred in these stents.

Studies have enhanced our understanding and aware-
ness of various factors that can increase the risk of clinical
and angiographic restenosis [4,5]. Among these risk factors,
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the most important is diabetes mellitus (DM) [1,6]. The
underlying mechanism for the higher incidence of ISR in
DM patients is likely to be complex because the B cells and
T cells involved in balancing the immune state contribute to
ISR. Recent studies demonstrated that B cells have a pro-
inflammatory role in inflammatory diseases like CAD [7-9].
B2 cells produce tumor necrosis factor (TNF)-a and IL-10,
which act as proatherogenic cytokines [10,11]. The cytokines
produced by B cells enhanced immunomodulation during
chronic inflammation [12]. Furthermore, the inflammation
contributed to plaque formation and modulated the clinical
outcomes for thrombotic complications of atherosclerosis
(9). Depletion of mature B2 cells by anti-BAFF antibodies
resulted in proatherogenic chemokine production by macro-
phages [13]. B cell depletion reduced the development of
atherosclerosis and was also a promising therapy for DM
[10,14]. However, B cell-deficient mice failed to resolve
experimental autoimmune encephalomyelitis depending
on strict B cell-derived IL-10 production [15]. These find-
ings indicated that DM exaggerated B cell function in
atherosclerosis.

B cell produces specific antibodies in response to anti-
gens and plays a vital role in protecting the body. B cell
receptor (BCR) is composed of immunoglobulin heavy
chains (IgH) and immunoglobulin light chains (IgL). IgH
are encoded by recombined VD] genes developed from
Variable (V), Diversity (D), and Joining (J) genes (IGHV,
IGH]J, IGHD), while IgL are encoded by V] rearrangements
of V genes and J genes. The diversity of BCR was decided
by the complementarity-determining region 3 (CDR3), the
region that binds antigens [16]. In the present study, we
investigated the clonal diversity of the BCR repertoire in
coronary ISR patients with DM to provide a reference for
BCR sequences in future investigations.

2 Materials and methods

2.1 Patients and study design

From January 2017 to December 2018, 21 patients with or
without ISR and DM at the Center for Cardiovascular
Diseases, Meizhou People’s Hospital, were enrolled in
the study. The DM patients had been diagnosed with
DM for more than 3 years, and all had been diagnosed
with CAD, undergone PCI, and been examined for ISR
within 1 year. Any lesions were confirmed by coronary
CT angiography. The patients were divided into four
groups: ISR with DM (ISR DM; n = 6), ISR without DM
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(ISR -DM, n = 5), DM without ISR (-ISR DM, n = 5),
without ISR and DM (-ISR -DM, n = 5).

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies, and in accordance with the tenets
of the Helsinki Declaration and has been approved by the
Ethics Committee of Meizhou People’s Hospital (Huangtang
Hospital), Meizhou Hospital Affiliated to Sun Yat-sen
University, Guangdong, China.

2.2 Clinical characteristics of the patients

Peripheral blood samples were obtained from the four
groups of CAD patients using EDTA anticoagulant tubes.
The clinical characteristics were collected through a detailed
medical history, physical examination with vital signs, and
blood analyses. Exclusion criteria were autoimmune dis-
eases or neoplasms, treatment with corticosteroids or other
immunomodulatory therapy, or vaccination within 3 months
before or after PCI. All parameters were measured in the
Clinical Laboratory at Meizhou People’s Hospital using stan-
dard protocols.

2.3 Sample collection and repertoire
sequencing

Whole blood samples (10 mL) were collected from the
patients and the peripheral blood mononuclear cells
(PBMCs) were immediately isolated with Ficoll-Paque
(GE Healthcare, Boston, USA) according to the manufac-
turer’s instructions. Genomic DNA was extracted from the
PBMCs with a PureLink Pro 96 Genomic DNA Purification
Kit (Invitrogen, California, USA) and used as a template
for multiplex PCR with a Multiplex PCR Kit (Qiagen,
Dusseldorf, Germany). The details of the PCR primers are
shown in Table 1. The Multiplex PCR protocol was as fol-
lows: pre-denaturation at 95°C for 15 min; 30 cycles at 94°C
for 30's, 60°C for 90 s, and 72°C for 30 s; final extension at
72°C for 5min. Multiplex PCR amplification was done to
construct the sequence library and the library was test to
qualified for machine sequencing. High-throughput sequ-
encing of each captured library ensured that the sequen-
cing data volumes met the requirements. The amplicons
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Table 1: The primers for multiplex PCR

Primers Sequence

IGHV1-18 AGAGTCACCATGACCACAGAC
IGHV1-2/1-46 AGAGTCACCAKKACCAGGGAC
IGHV1-24 AGAGTCACCATGACCGAGGAC
IGHV1-3/1-45 AGAGTCACCATTACYAGGGAC
IGHV1-69/1-f AGAGTCACGATWACCRCGGAC
IGHV1-8 AGAGTCACCATGACCAGGAAC
IGH2-70/26/5 ACCAGGCTCACCATYWCCAAGG
IGHV3 GGCCGATTCACCATCTCMAG
IGH4 CGAGTCACCATRTCMGTAGAC
IGHV5-51 CAGCCGACAAGTCCATCAGC
IGHV6-1 AGTCGAATAACCATCAACCCAG
IGHV7 GACGGTTTGTCTTCTCCTTG

IGHJ CTGAGGAGACGGTGACCRKKGT

PCR: polymerase chain reaction (PCR); IGHV: immunoglobulin
heavy chain variable region; IGHJ: immunoglobulin heavy joining.

were gel-extracted and purified prior to library preparation
and the samples were sequenced as 150-bp paired-end runs
on a HiSeq™ Xten machine (Illumina, California, USA).

2.4 BCR sequence analysis

The bioinformatics analysis was performed as follows: (1)
quality control of raw data: Phred quality of >30 in at
least 80% and error rate of <0.1%; (2) data filtering:
Trimmatic was used to filter out adaptor and barcode
sequences, and Flash was used for overlapping of the
reads [17]; (3) alignment blast: without mismatches and
indel paired-end and single end-reads, the merged paired
reads were confirmed identical by MiXCR [18] and aligned
to the V, D, and ] gene reference sequences in the IMGT
database (http://www.imgt.org/) as previously described
[19]; (4) characteristic gene-specific sequences (such as
CDR3) were extracted from the aligned clone sequences.
High-quality V, D, and ] gene clone sequences were
spliced into BCR clones for further analysis.

2.5 Statistical analysis and graphing

Statistical analyses were performed using SPSS 19 with
GraphPad Prism software for graphing. All data were pre-
sented as mean + SD, and comparisons between groups
were performed by one-way ANOVA. Categorical vari-
ables were expressed as frequency and compared using
Chi-square (x°) test or Fisher’s exact test. The diversity of
the BCR repertoire was calculated by the Simpson index,
Chao 1 index, and Shannon-Wiener index. Values of
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P < 0.05 were considered statistically significant. The
BCR overlap was calculated as previously described [20],
based on the number of common amino acid clonotypes in
two samples as follows: (number of common amino acid
clonotypes in two samples x 2)/(total number of amino
acid clonotypes in sample 1 + total number of amino
acid clonotypes in sample 2) x 100. The average of all
samples in each group was reported.

3 Results

3.1 Clinical characteristics of patients with
ISR and DM

Patients who had undergone PCI with or without ISR and
DM were enrolled in the study. Peripheral blood samples
were collected from the patients and sent to the Clinical
Laboratory for analysis. The clinical and laboratory char-
acteristics of the patients are summarized in Table 2.
In addition, we collected risk factor, medication, biochem-
ical, and hematological variables data and performed
comparisons among the groups. Significant differences in
lipid metabolism and hematological variables like white
blood cells and neutrophils were observed (Table 2), indi-
cating that ISR and DM can trigger immune state changes.

3.2 Different clonal diversity of the BCR
repertoire in patients associated with
ISR and DM

The study cohort comprised 21 patients with or without
ISR and DM. All of the DNA libraries were sequenced and
complete BCR repertoire data were successfully obtained
using an Illumina HiSeq Xten machine. On average, 5,177,449
(range: 3,839,975-8,001,683) raw Illumina sequencing reads
were obtained for each sample. After performing the
quality control requirements and data filtering described
in the Methods section, an average of 1,799,447 (range:
2,660,587-1,303,608) unique sequence numbers were fil-
tered out for the alignment blast. Detailed descriptions of
the sequence numbers are provided in Table Al.

BCR repertoire diversity is a key feature of the humoral
immune system and creates the potential for recognition of
the wide variety of antigens. To evaluate the BCR reper-
toire diversity, we first analyzed the Simpson index,
Shannon-Wiener index, and Chao 1 index values for
amino acid sequences and found that the diversity of
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Table 2: Characteristics of study population at baseline

BCR diversity in ISR patients with DM

— 887

ISR DM —ISR DM ISR -DM —-ISR -DM P-value*
Age + SD 60.2 +7.28 63.8 £ 9.0 63 +5.41 61.4 + 6.82 n.s.
Male/female 3M/3F 3M/2F 2M/3F 3M/2F n.s.
Risk factor
Smoking status, n (%) 2 (33%) 1(20%) 2 (40%) 4 (80%) n.s.
Hypertension, n (%) 3 (50%) 3 (60%) 1(20%) 0 n.s.
Diabetes mellitus, n (%) 5 (83%) 5( 100%) 0 0 NA
Medication
B-blockers, n (%) 2 (33%) 3 (60%) 3 (60%) 4 (80%) n.s.
Aspirin, n (%) 3 (50%) 2 (40%) 4 (80%) 4 (80%) n.s.
ACE inhibitors, n (%) 2 (33%) 2 (40%) 1(20%) 4 (80%) n.s.
Clopidogrel, n (%) 3 (50%) 3 (60%) 1(20%) 4 (80%) n.s.
Statins, n (%) 6 (100%) 6 (100%) 6 (100%) 6 (100%) n.s.
Biochemistry variables
Total Cholesterol (mmol/L) 4.00 +1.34 5.00 + 0.47 4.54 + 0.69 3.91+ 0.57 <0.01
LDL (mmol/L) 2.16 + 1.12 2.71+ 0.76 2.21 + 0.69 2.14 + 0.49 n.s.
HDL (mmol/L) 1.30 + 0.38 0.93 + 0.10 1.68 + 0.29 1.13 +£ 0.29 <0.01
Triglycerides (mmol/L) 1.32 + 0.41 3.74 + 2.42 1.17 + 0.32 1.73 £ 0.73 <0.05
Apolipoprotein A1 (g/L) 1.08 + 0.21 0.87 + 0.16 1.33 £ 0.12 0.95 + 0.11 <0.01
Apolipoprotein B (g/L) 0.64 + 0.24 0.83 £ 0.22 0.65 + 0.13 0.70 + 0.15 n.s.
Homocysteine (umol/L) 15.2 + 2.20 16.14 + 6.23 13.5 + 2.02 17.6 + 4.0 n.s.
Baseline glucose (mmol/L) 7.37 £ 1.51 7.64 + 3.69 5.16 + 0.71 4.75 + 0.04 n.s.
HbAc1 (%) 9.1+ 1.99 7.32 +1.33 6.5+ 0.47 5.92 + 0.46 n.s.
Hematological variables
WBCs (103/pL) 7.86 + 0.41 8.38 +£1.28 8.96 + 1.10 6.9 + 0.59 <0.05
Neutrophil (103/uL) 69.86 + 6.36 69.2 +7.10 70.36 + 6.83 62.6 + 8.57 n.s.
Neutrophil (%) 5.5+ 0.63 5.86 + 1.39 6.28 + 0.75 4.34 + 0.79 <0.05
Lymphocyte (103/pL) 20.16 + 4.71 24.00 + 7.34 21.3 £ 5.95 27.8 +10.41 n.s.
Lymphocyte (%) 1.66 + 0.40 1.84 + 0.29 1.94 + 0.65 1.92 + 0.64 n.s.
Monocyte (103/pL) 6.60 + 0.93 6.00 + 0.57 7.4 +1.59 6.00 + 1.63 n.s.
Monocyte (%) 0.50 + 0.08 0.50 + 0.11 0.64 + 0.14 0.44 + 0.13 n.s.

#Comparisons between groups were performed using a one-way ANOVA for continuous variables and with a Chi-square test for categorical

variables.

WBCs: while blood cells; HbAc1: glycosylated hemoglobin; SD: standard deviation; n.s.: nonsignificant, NA: not applicable.

amino acid sequences in ISR DM patients was higher than
in ISR-DM patients. This meant that DM affected the BCR
repertoire diversity in ISR patients (Figure 1). However, in
non-DM patients, a decrease in diversity was observed in
ISR patients. These results indicated that ISR and DM can
both change the diversity of amino acid sequences in
patients.

To learn more about the diversity, we created five
sections based on the frequency of the BCR nucleotide
sequences. The results showed that the number of pro-
ductive unique BCR nucleotide sequences was highest in
the 1-0.1% section in —ISR DM patients, but had the
lowest frequency in —ISR —DM patients compared with
the other groups (Figure 2a and b). Regarding productive
unique BCR nucleotide sequences, ~ISR DM patients had
a lower percentage compared with ISR DM or ISR -DM
patients (Figure 2c). Similar results were found in -ISR

DM patients for significantly higher percentages of high-
frequency nucleotide sequences, regardless of being in the
top 200, top 500, or top 1,000 BCR sequences (Figure 2d
and Figure A1l). These findings suggest that in DM patients,
ISR can decrease the low frequency of BCR nucleotide
sequence diversity, but increase the number of productive
unique BCR nucleotide sequences. These data provide
further evidence that ISR and DM can both affect the diver-
sity of amino acid sequences in patients.

3.3 Differential V and ) gene usage within
groups compared with between groups

IgH genes are assembled from a large pool of variable (V),
delte (D), and joining (J) gene segments, and different V
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Figure 1: Diversity index of amino acid sequences. (a—c) Calculated diversity index values for amino acid sequences in the four groups.
(a) Simpson index values. (b) Shannon-Wiener index values. (c) Chao 1 index values. Each dot represents information for one patient.
*P < 0.05, significant difference by one-way ANOVA.

(D)] recombinations result in diversity of the BCR reper- groups compared with between groups (Figures A2 and
toire. In the present study, we did not find any significant A3), with only some subdivisions of V gene segments
differences in V gene or ] gene segment usages within showing differential usages (Figure 3). In DM patients,
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Figure 2: Clonal distribution of BCR repertoires. (a—d) Evaluation of the diversity of BCR repertoires among patients. (a and b) Mean
numbers of productive unique BCR nucleotide sequences for five sections (a) and 1-0.1% section in detail (b). The percentages of
productive unique BCR nucleotide sequences in the groups are shown. (c¢) Mean frequencies of productive unique BCR nucleotide
sequences among the four groups. (d) Frequencies of the top 200 BCR repertoire nucleotide sequences in the five groups. Data represent
the mean distribution + SD in each group. Each dot represents information for one patient. *P < 0.05, significant difference between groups
by a t-test. nt: nucleotide.
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Figure 3: Significant difference of V/J gene usage (a—f). The mean frequency of V subgroup gene usage was shown in each group and the
significant difference of V subgroup gene usage for (a) ISR DM compared to —-ISR DM, (b) ISR -DM compared to —ISR —-DM, and (c) ISR DM
compared to —ISR —DM. Data are represented as mean + SD of the group. Comparison of V/J paired gene usage between groups. The fold
change of significant difference usage in V/) paired gene compared between groups for (d) ISR DM compared to —-ISR DM, (e) ISR -DM
compared to —ISR -DM, and (f) ISR DM compared to ISR -DM was shown. All P-values were less than 0.05 by t-test. Fold change = the mean
frequency in one group divided by the mean frequency in other group.* indicate that the difference is significant (*P < 0.05).

we found that four V subdivision genes exhibited differ-
ences with and without ISR, namely, IGHV1-18, IGHV1-3,
IGHV2-70, and IGHV3-21 (Figure 3a). Meanwhile, IGHV3-
30 was lower in ISR -DM patients than in -ISR DM
patients, and a similar result was found in comparison
with ISR DM patients (Figure 3b and c). Therefore, IGHV3-
30 appears to be affected by both ISR and DM, but
whether it is regulated by both ISR and DM in CAD
patients requires further data.

The BCR repertoire is assembled by various numbers
of V(D)J recombinations that affect the diversity. In total,
21V/] paired gene usages differed between ISR DM and
—-ISR DM patients, comprising six downregulated genes
and fifteen upregulated genes (Figure 3d). In non-DM
patients, twelve V/J paired gene usages differed signifi-
cantly in comparisons of patients with and without ISR
(Figure 3e). Five upregulate V/] gene usages have differed
significantly between ISR DM and ISR -DM (Figure 3f).
Compared with the ISR DM group, the —-ISR DM and

ISR —DM groups both had significantly lower gene usages
in V subdivision genes and V/J paired genes. These find-
ings reveal that ISR and DM can produce changes in V/J
paired gene usages and may have synergistic effects in
CAD patients.

3.4 Receptor sharing between ISR and DM
patients

Next, we investigated the BCR sequences for shared
sequences and determined whether sharing occurred
between samples within groups. As shown in Figure 4a,
there was no significant difference in the unique clono-
type overlap rates in individual groups, but an increasing
trend in overlaps was observed. The —ISR —DM group had
the highest clonotype overlap rate, with an average overlap
rate of 0.53% detected between any two —ISR, -DM patient
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Figure 4: Unique clonotype overlap rate in each and between groups. (a) The data show the unique clonotype overlap of clonetype in ISR DM,
ISR —DM, —ISR DM, —ISR —DM group. (b) The data showed the unique clonotype overlap between 0.1 and 0.01% in each group. (c) The data
show the unique clonotype overlap rate between groups: ISR DM vs ISR —DM, ISR DM vs —ISR DM, ISR- DM vs —ISR -DM, —ISR DM vs —-ISR
—DM. (d) The data showed the unique clonotype overlap >0.1% between groups. (e) The data showed the unique clonotype overlap base of

the sequence frequency between 0.1 and 0.01% within groups.

samples, while ISR DM patients had the lowest overlap rate.
Based on the section divisions described above, we ana-
lyzed the overlap rates based on the frequencies of the
amino acid sequences. The results suggested that ISR and
DM can change the shared amino acid sequences. We did
not observe any differences in the section groups, except for
the amino acid frequency between 0.1 and 0.01%. In the
0.1-0.01% section, ISR —~DM patients had the highest rate
among the four groups and differed significantly from the
ISR DM and -ISR -DM groups (Figure 4b). Thus, it seems
that ISR can increase the shared sequence rates, while DM
can reverse this effect.

We further analyzed the clonotype overlap rates among
the four groups. ISR DM and ISR -DM patients shared
0.50% clonotype overlaps (range: 0.001-2.31%). A similar
result was found in the other parallels (Figure 4c). An
interesting class polarization that can be observed in
Figure 4c and d drew our attention. We collected the
higher overlap rate classes and found differences for ISR
DM versus ISR —DM and ISR DM versus -ISR DM. We also
performed an analysis on the section groups described

above, but found no significant difference in high or low
frequencies of amino acid sequences (Figure 4e). Never-
theless, ISR and DM can alter the diversity by changing the
shared sequences, and further investigations regarding
BCR specificity and activation state are warranted.

4 Discussion

The development of coronary stents had led the field
of interventional cardiology toward a new horizon.
Although the introduction of balloon angioplasty and
bare metal stent (BMS) implantation has improved inter-
ventional cardiology outcomes, there are approximately
20% overall with reported rates. The widespread use of
coronary stents (BMS and DES) has enhanced our under-
standing and awareness of risk factors that may increase
the incidence of restenosis, especially in DM patients for
whom the risk of ISR can increase up to 30% [21-23]. The
advent of DES implantation has further decreased the
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incidence of ISR. Despite the lower recurrence of ISR
through advances in stent design and polymers, once
restenosis has occurred in these stents, it becomes very
challenging to treat and confers great suffering and heavy
financial burdens on patients. In CAD patients, DM can
accelerate atherosclerosis through infiltration of inflam-
matory cells (macrophages and T lymphocytes), larger
necrotic core size, and more diffuse atherosclerosis [24].

During the progression of atherosclerosis, inflamma-
tory pathways play important roles in formation of
atherosclerotic plaques. A previous study suggested
that inflammation can increase the occurrence of ISR,
and that inflammatory biomarkers (IL-6, matrix metallo-
proteinases, C-reactive protein) have prognostic value in
predicting the risk of ISR [25,26]. Among the infiltrating
inflammatory cells, T lymphocytes have been extensively
studied in atherosclerosis. Similar to Thi cells that can
secrete interferon-y, T lymphocytes can activate macro-
phages and produce some molecules involved in plaque
formation, such as Toll-like receptors (TLRs). Meanwhile,
Th2 and Treg cells can secrete anti-inflammatory cyto-
kines, such as IL-10 or transforming growth factor-j,
which delay the occurrence of inflammation [24,27,28].
In our previous work, we found some differences of T cell
receptor repertoires in CAD patients [29]. However, it
has remained unclear how B cells contribute to plaque
formation. In unpublished data, we found that B cells
were involved in regulation of the immune state in CAD
patients. Other reports revealed that B cells acted in a
pro-inflammatory manner in CAD patients [7,8]. Cyto-
kines produced by B cells can enhance immunomodula-
tion during chronic inflammation; for example, TNF-a,
IL-2, and IL-10 produced by B2 cells promoted athero-
sclerosis [7,10,11].

In DIO mice, B cells infiltrated the adipose tissue
as an early response to DIO stimulation. However, the
mechanism for the B cell function was not determined.
Depletion of mature B2 cells by anti-BAFF antibodies
resulted in proatherogenic chemokine production by macro-
phages [13]. B cell depletion was also a promising therapy
for DM [30,31]. DM is a chronic inflammatory disease, in
which elevation of pro-inflammatory molecules can induce
cell surface TLRs and retinoic acid-inducible gene I (RIG-I)-
like receptors, resulting in inflammation [32-34]. Further-
more, the signaling pathway transduction by TLRs and
RIG-I was crucial for innate immunity and involved in
both metabolic and cardiovascular diseases [35]. By
throughput sequencing, we were able to monitor the
immune state in DM patients. In a previous study, Seay
et al. found that BCRs had a distinct tissue distribution and

BCR diversity in ISR patients with DM = 891

comparable diversity in DM patients [36]. In the present
data, the B-cell clone diversity was changed by ISR and
DM. Furthermore, DM affected the immune state mediated
by B cells.

The present study had several limitations. First, our
primary aim was to comprehensive analyze the profiling
of BCR in ISR and DM patients. Because of the incidence
rate of ISR, the study number was low and do not allow
drawing solid conclusions. Second, the BCR diversity
seems related to ISR or DM, but present data were insuf-
ficient to found any distinct amino acid characteristics
associated with disease. These issues merit consideration
when designing future study to confirm and expand the
current findings.

5 Conclusion

In summary, we have performed a comprehensive char-
acterization of the immune BCR profiles in CAD patients
with ISR and DM. Based on the obtained sequence data,
we found the ISR and DM can both change the diversity
and clonal distribution of BCR repertoires in CAD patients.
The V/J genes had different usages between ISR and DM
patients. Furthermore, a polarization of shared sequences
was found between groups and ISR —-DM patients had the
highest clonotype overlap rate among the groups. We also
investigated the disease-associated clonotypes for sharing
of common or distinct amino acid characteristics, and our
determination of antigenic triggers responsible for these
observations provides the potential for development of
targeted therapies for ISR and DM patients.
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Figure Al: Data show the frequency of top 300, top 400, top 500, top 1,000 B cell receptor repertoire nucleotide sequence in five groups.
Groups were compared using Student’s t-test. ISR: in-stent restenosis; DM: diabetes mellitus.



DE GRUYTER BCR diversity in ISR patients with DM = 895

IGHJ1 IGHJ2

H
1
(<]
1

w
1

4 v

Frequence(%)
.
[ ]
'Y
=
>
<
h- <
Frequence(%)
)

1. ) 2- ° ]
ol — . 0ol— . . .
N N 9 s Q‘<>“‘ q.o“‘ Qp“‘ qy‘”
& & & & & & & &
IGHJ3 IGHJ4
15- 50-

H
(3]
1

Frequence(%)
@ 3
s
(!

=
Frequence(%)

g 8

9,

] e |—o-o:—+
<
<|-:|<
e —t>
e

0 < T 30 T T T
R p R
& & & & & & & &
IGHJS IGHJ6
22+ 501
20 el B

-

»
1
°

Frequence(%)
%
|-| |
o
o

<
<
I > I
| 4
Frequence(%)
3 g
°
[ ]
ot
HH
+

-
H

& & s s

Figure A2: ] gene usage of clonotypes in the four groups patients. Data show the percentage frequency of | gene by clonotypes in patients.
Data show mean + SD frequency of each individual. Each dot represents each individual patient’s information. Groups were compared using
Student’s t-test. ISR: in-stent restenosis; DM: diabetes mellitus. IGH): immunoglobulin heavy joining.



896 —— Ruigiang Weng et al. DE GRUYTER

IGHV1 IGHV2 IGHV3
30- 5- 70-
25 -1 4 A v ¢ -
eole 60+
' IESRES
20+ - “iv
2 L iy
. o 9 50
154 v
14
A
10 T T T T 0 T T T T 40 T T T T
3 3 & S S » S » N\ 3 S S
3 < N ) 3 3 9 ) Q Q < S
& & & K & & & & & & & &
IGHV4 IGHV5 IGHV6
25- 10- 2.0+
A v
204 v 84 \ 1.54 u A
154 Q M 61 _e :l: . II.
uda 1.0
10+ ° Al 44 olee vlv
" . . * R v 0.5 A
ol — . r . 0 . . . ’ 00l . : r
S O S O S D S » » o
Q Q Q < % Q Q < O QO
& & & & & & & & & & &
IGHV7
4-
° A
34 v
[ ]
24 n
[ ]
1.
ol — - , i
S S N
Q < Q Q9
& & & &

Figure A3: V gene usage of clonotypes in the four groups patients. Data show the percentage frequency of V gene by clonotypes in patients.
Data show mean + SD frequency of each individual. Each dot represents each individual patient’s information. Data were analyzed by using
one-way ANOVA. ISR: in-stent restenosis; DM: diabetes mellitus.



897

BCR diversity in ISR patients with DM

DE GRUYTER

(panuiuo))

€a

(%99°1€) (%19°9) (%56°0) (%4717°€6) (%€0°€) (%10°96) (%50°66) (%00°001)

T6Y7€691 70666¢ 12015 %26.66% [4374°)) 9695€1S 878615 0°5068%7€S za
(%80°9¢€) (%67°9) (%56°0) (%S2°€6) (%01°€) (%56°56) (%50°66) (%00°001)

10815%7C £0865€ S9/%9 1€9T/€9 TI%01C £201759 YEVTELO 0'66196/9 d Wa- 3si-
(%07°82) (%£0°9) (%66°0) (%Y6°€6) (%8T°€) (%€2°96) (%10°66) (%00°001)

809£0¢€1 67TET 86.5Y L6Y72EY £47S1ST €0TSThY 9%/9/5% 0°7%5279Y )
(%28°627) (%£5°9) (%60°1T) (%¥7€°€6) (%C6°0) (%66°56) (%16°86) (%00°001)

67906/1 VoAt T€T59 €£2/17095 IWESLT 1219945 19%76£65 06697009 s}

(%65°67) (%E1°9) (%58°0) (%C0'76) (%cY) (%EL176) (%S1°66) (%00°001)

/6ST8ET TSL6€T 0026€ 86976¢Y €5990C 1615ty 0S72E9Y 0°0S1TL9% €

(%Y1°1E) (%55°9) (%C6'0) (%€5°€6) (%90°%) (%€0°56) (%80°66) (%00°001)

1678791 S0706¢ 696.% 05%7068Y £6071C 791896 G68081¢ 0'77882CS 4]

(%Y77°TE) (%C1°9) (%%8°0) (%%70°76) (%S€17) (%8°176) (%91°66) (%00°001)

686541 9510%¢ 06£6€ L6E01YY 196£0¢ 76505177 £95759% 0'E76£69Y ) Wa- ¥sli
(%55°9€) (%€0°9) (%88°0) (%60°76) (%15°%) (%19°76) (%C1°66) (%00°001)

€791591 1relee 7/66€ [4:T4%T4/ 60/£0C w8/%.¢y £678.17Y 0°/9%815Y sd
(%6T°€Y) (%8) (%62°0) (%6€°76) (%6€17) (%T8'76) (%12°66) (%00°001)

170%561 8%//1¢ 6195€ ££0092Y 0€1861 1696y 182/1%Y 0°00%€15Y 79
(%98°0¢€) (%1€°9) (%%6°0) (%S2°€6) (%20 (%€€°96) (%90°66) (%00°001)

€6ST/91 G%5/8¢ %2015 0%718£0S 6Lt €9//125 68959€S 0°65291%7S €q
(%68°%7€) (%2L'9) (%06°0) (%8€°€6) (%2CSs°0) (%85°96) (%01°66) (%00°001)

7518%70C 19/5€€ 08625 16518%5 YA Z VA4 TI%76995 85€/18S 0°8€£0/8S r4:|

(%85°6€) (%80°9) (%£8°0) (%50°%76) (%£6°€) (%91°56) (%E1°66) (%00°001)

046S€/1 €/62TC G918€ 750521y 0T6€/T L0191y £208Y%€Y 0°76198¢Y 1d Wa ¥si-
(%€0°L€) (%81°9) (%66°0) (%€8°€6) (%80°€) (%€£6°56) (%10°66) (%00°001)

1€95EYT S1900C eyse 19972€9¢€ €/Y611 68581./€ 7908¢€8¢ 0'%78%9/8¢€ 9V

(%ST°€€) (%55°S) (%S0°T) (%0%7°€6) (%29°0) (%82°96) (%56°86) (%00°001)

185099¢ 6S6EYY 69118 GSSELY/ €T/€1C 108€0Z/ 716/16/ 0°€891008 Sy

(%15°CE) (%01°9) (%68°0) (%10°176) (%65°€) (%25°96) (%I1°66) (%00°001)

91179/1 7859.¢ 6££8Y %/85605 899161 88///1 9SYTLES 0°$6.0T%S LS

(%EW°2€) (%9%°9) (%68°0) (%49°€6) (%£0°%) (%%0°56) (%I1°66) (%00°001)

0877681 7879/t 1/8%Y €109€/Y 69650C 97£908Y S6TTI0S 0°9912505 v

(%LT°5%7) (%9T°9) (%66°0) (%92°€6) (%0Z7) (%IE176) (%10°66) (%00°001)

S058¢/1 108102 S68.€ €/7009¢ 819081 T9Y179¢ 080708¢ 0°5/66€£8¢€ v
(%99°9€) (%CE'9) (%96°0) (%CL°€6) (%L£0°17) (%£6°%6) (%%70°66) (%00°001)

8170T/1 £10S6%¢ £615Y 1£086€Y 78061 9699517Y 8€S/H9Y 0'TELT69Y v Wa ¥sl

Aienb~mo) Amenb~ysiy
wnu~bas “AqT19NY bas “Yyum-bas eae["bas 340D bas wnu~bas wnu~bas aweu
“anbiun TIng"pasSisw “pasSiswun “pasian “pasian “pasion “pasian Tlejol “o)dwesy

SISOUd1Sal JUdls-ul Aleuolod yum sjuapied up peas pajuanbas Ty ajqel



DE GRUYTER

Ruigiang Weng et al.

898

*SNJIjjaW S319QRIP N@ SISOUIISAI JUBIS-UI 1YS|

(%01'%€) (%88°%) (%56°0) (%L1°176) (%05°%7) (%55°'%6) (%50°66) (%00°001)

6806691 STLERT €6CLY 878T69Y LY70%TC 968T1.Y £769£6% 0°9€£7E86Y sd
(%£0°8€) (%£5°9) (%¥70°'1) (%6£°€6) (%97°€) (%0£°96) (%96°86) (%00°001)

9€€9961 699/8¢C 9T4ES 790%7¢8Y 109891 0€TET6Y 1EL1T1S 0°/92991S 7a
(%€8°2€) (%8€°9) (%¥6°0) (%89°€6) (%eTe) (%%8°56) (%90°66) (%00°001)

croscre 700z0¢€ €06¢S 11/19tS 000181 6//78€S 6/1€9495 0°789919¢

Aenb~mo) Amnenb™ysSiy

wnu~bas “AqT1a)y bas “Yyum-bas eae["bas 340D bas wnu~bas wnu~bas aweu
“anbiun TIng pasSioW “pasSiawun “posSianw “posSianw “posSianw “posSianw Tejol “9)dwegy

panupuo) <1y 3)qeL



	1 Introduction
	2 Materials and methods
	2.1 Patients and study design
	2.2 Clinical characteristics of the patients
	2.3 Sample collection and repertoire sequencing
	2.4 BCR sequence analysis
	2.5 Statistical analysis and graphing

	3 Results
	3.1 Clinical characteristics of patients with ISR and DM
	3.2 Different clonal diversity of the BCR repertoire in patients associated with ISR and DM
	3.3 Differential V and J gene usage within groups compared with between groups
	3.4 Receptor sharing between ISR and DM patients

	4 Discussion
	5 Conclusion
	Acknowledgments
	References
	Appendix


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


