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Introduction: Regardless of the degree of stenosis, vulnerable plaque is an

important cause of ischemic stroke and thrombotic complications. The

changes of the immune microenvironment within plaques seem to be an

important factor affecting the characteristics of the plaque. However, the

differences of immune microenvironment between stable and vulnerable

plaques were remained unknown.

Methods: In this study, RNA-sequencing was performed on superficial

temporal arteries from 5 traumatic patients and plaques from 3

atherosclerotic patients to preliminary identify the key immune response

processes in plaques. Mass cytometry (CyTOF) technology was used to

explore differences in immune composition between 9 vulnerable plaques

and 12 stable plaques. Finally, immunofluorescence technique was used to

validate our findings in the previous analysis.

Results: Our results showed that more CD86+CD68+ M1 pro-inflammatory

macrophages were found in vulnerable plaques, while CD4+T memory cells

were mainly found in stable plaques. In addition, a CD11c+ subset of CD4+T

cells with higher IFN-r secretion was found within the vulnerable plaque. In two

subsets of B cells, CD19+CD20-B cells in vulnerable plaques secreted more

TNF-a and IL-6, while CD19-CD20+B cells expressed more PD-1 molecules.

Conclusion: In conclusion, our study suggested that M1-like macrophages are

the major cell subset affecting plaque stability, while functional B cells may also

contribute to plaque stability.

KEYWORDS

Vulnerable plaques, single-cell, immune environments, CyTOF/mass cytometry, RNA-
seq analysis
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Introduction

The latest Global Burden of Disease report showed that ischemic

heart disease and stroke had become the leading causes of mortality.

The common pathological basis was atherosclerosis, a disease of

vascular stenosis, in which subendothelial resident LDL undergoes a

series of oxidations to produce ox-LDL with immune effects (1–3).

On the one hand, ox-LDL can be endocytosed bymacrophages from

the innate immune system through scavenger receptors. On the

other hand, these antigens can be taken up by antigen-presenting

cells. Then, it is processed and presented to lymphocytes, activating

the adaptive immune response (4, 5). Multiple types of cells and the

complex immunemicroenvironment in plaques lead to the puzzle of

plaque formation and development, which are even now not

fully understood.

The bifurcation of the carotid artery is the most common site of

atherosclerosis. About 10% to 15% of patients with carotid artery

stenosis will experience an ischemic stroke, mainly related to local

thrombosis caused by plaque rupture (6–9). Usually, atherosclerotic

plaques progress slowly and silently, but some plaques can rupture

suddenly, leading to acute vascular events. Therefore, the concept of

vulnerable plaque was introduced to identify these high-risk plaques

(9). Pathological studies suggested that vulnerable plaques were

often manifested as a thin fibrous cap and large eccentric

necrotic core occupying approximately one-quarter of the

plaque area (10, 11). The difference in the clinical process and

pathological feature implies that the two types of plaques may have

different changes in the immune microenvironment. In recent

years, anti-inflammatory programs have successfully treated

atherosclerosis (12, 13). Therefore, researchers have paid

more attention to immunotherapy. Exploring the differences in

immune microenvironment composition in different plaque types

and finding key intervention targets will help guide the

precision immunotherapy.

In this study, we used Mass Cytometry (Mass Cytometry,

CyTOF), a precise, high-dimensional approach, to identify the

differences in immune microenvironment between stable and

vulnerable plaques. The results showed that more M1 pro-

inflammatory macrophages were found in vulnerable plaques,

while CD4+T memory cells were mainly found in stable plaques.

In contrast, B-cell subsets and T-cells within vulnerable plaques

showed higher activity. These clusters may be important for plaque

vulnerability. Our study revealed the surface characteristics of these

clusters in detail, which may help identify vulnerable plaque cells

and understand the relevant mechanisms of rupture.

Materials and methods

Human specimens and ethics statements

From August 2021 to November 2021, 21 atherosclerotic

patients undergoing carotid atherectomy at Beijing Tiantan
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Hospital were enrolled in this study after informed consent

provided. The detailed clinical data of the enrolled patients

are shown in Table 1. Plaques were obtained from each

patient. According to the imaging results (CTA/MRA/CU),

plaque vulnerability was determined based on imaging

biomarkers (Intraplaque haemorrhage, Lipid-rich necrotic

core, Neovascularisation, Carotid plaque thickness, Surface

morphology and Carotid plaque volume) (14). Normal

superficial temporal arteries were obtained from other 5

patients undergoing craniocerebral trauma surgery for RNA-

seq analysis (See Figure 2 for details). This research was

approved by the Institutional Review Board (IRB) and Ethics

Committee of Beijing Tiantan Hospital. Written informed

consent was obtained from all patients.
RNA extraction and library construction

Peripheral blood and plaque tissues from 3 patients were

used for RNA-seq analysis. In addition, superficial temporal

artery samples from 5 patients undergoing craniocerebral

trauma surgery were used as blank controls. The plaque tissues

and artery samples were washed with DPBS (Sigma-Aldrich,

United States) within 1 hour after surgical resection. Then,

TRIzol method was also adopted. Sequencing libraries were

generated using rRNA-depleted RNA with an NEBNext Ultra

Directional RNA Library Prep Kit for Illumina (NEB, MA)

following the manufacturer’s recommendations. We then

performed the paired-end sequencing on illumina NovaSeq

6000(illumina, USA)as recommended by the supplier. After

cluster generation, the libraries were sequenced on the

Illumina HiSeq platform, and 150-bp paired-end reads

were generated.
Quality control and data analysis

In order to obtain clean data, raw data in fastq format were

first processed through in-house Perl scripts. Reference genome

and gene model annotation files were downloaded directly from

the genome website. The index of the reference genome was built

using bowtie2 v2.2.8, and paired-end clean reads were aligned to

the reference genome using Hisat2 v2.0.5. Hg19 RefSeq (RNA

sequences, GRCh38) was downloaded from the UCSC Genome

Browser (http://genome.ucsc.edu). The clean reads were aligned

with both genome hg19 and transcript reference using STAR

v2.2.1, and gene expression was calculated by RSEM v1.3.0 using

FPKM (fragments per kilobase of exon per million fragments

mapped). We then compared RNA-seq in peripheral blood

between healthy individuals and atherosclerotic patients.

P<0.05 indicated statistically significant difference in

expression. R was used for analysis of the gene expression data.
frontiersin.org
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Plaque tissue and superficial temporal
arteries single-cell dissociation

Atherosclerotic plaque tissues were washed with Dulbecco’s

phosphate-buffered saline (DPBS, Sigma-Aldrich, United States)

within 1h after surgery. Each specimen was digested at 37°C for

1h using miscible liquids that contain collagenase type IV

(GIBCO, Gaithersburg, United States), DNase (Sigma, DN25),

hyaluronidase (Sigma, H3506), collagenase type XI (Sigma,

C7657) and collagenase type II (Sigma, C6885). The mixture

was filtered through a 70mm cell strainers with DPBS and

washed with red blood cell (RBC) lysis buffer (BD Biosciences,

United States). The dissociated cell suspension was then washed

once with DPBS and resuspended in 1 mL of staining buffer

(DPBS containing 5% fetal bovine serum, ScienCell,

United States).
Mass cytometry

A panel of 39 antibodies designed to distinguish a broad

range of immune cells was used. Antibodies were either

purchased in a preconjugated form from Fluidigm (South San

Francisco, United States) or purchased from Biolegend (San

Diego, United States) in a purified form and conjugated inhouse

using the Maxpar X8 Multimetal Labeling Kit (Fluidigm, United

States) according to the manufacturer’s instructions. The

ant ibodies and reporter i sotopes are inc luded in

Supplementary Table 1. The samples were then washed and

stained with cisplatin-195Pt (Fluidigm, 201064) as a viability

dye. Cell samples were then washed and stained with cell surface

antibodies for 30 min on ice. Subsequently, the samples were

permeabilized at 4°C overnight and stained with intracellular

antibodies for 30 min on ice. The antibody-labeled samples were

washed and incubated in 0.125 nM intercalator-Ir (Fluidigm,

United States) diluted in phosphate-buffered saline (PBS, Sigma-
Frontiers in Immunology 03
Aldrich, United States) containing 2% formaldehyde and stored

at 4°C until mass cytometry examination. Before acquisition, the

samples were washed with deionized water and then

resuspended at a concentration of 1 x 106 cells/mL in

deionized water containing a 1:20 dilution of EQ Four

Element Beads (Fluidigm, United States). The samples were

then examined by CyTOF2 mass cytometry (Fluidigm,

United States).
CyTOF data analysis

CyTOF data were acquired in the form of.fcs files from the

CyTOF2 system. The addition of EQ Four Element Beads

allowed us to use the MATLAB-based normalization

technique. The obtained data were uploaded to Cytobank.

Firstly, beads are filtered and active cells were selected from

the specific gate. Then, CD45+ cells were gated (see

Supplementary Figure 1 for details). Further analysis using the

automated dimensionality reduction algorithm FlowSom by R

language. The results were shown by viSNE, a visual

dimensionality reduction algorithm.
Histology and immunofluorescence
staining

Plaques from 9 patients (4 vulnerable plaques and 5 stable

plaques) were fixed overnight in 4% formalin (4°C) and

embedded in paraffin blocks for paraffin sections. Three

paraffin sections (4 um) were cut from each specimen.

Hematoxylin and eosin (H&E) staining was performed. For

immunofluorescence, paraffin sections were washed twice

15 min in PBS (Sigma-Aldrich, United States), permeabilized

in 0.2%-0.5% Triton X-100 (Solarbio, China) and blocked in 5%

normal donkey serum (Jackson Lab, United States) for 1 h and
TABLE 1 Clinical characteristics of the patients.

Stable Plaque Vulnerable Plaque p-value

Gender (male/female) 9/3 8/1 0.810

Age (Mean ± SD) 64.76 ± 4.94 65.15 ± 4.76 0.492

Hypertension 8 6 1.000

Diabetes 5 2 0.640

Hyperlipidemia 1 0 1.000

Smoking 10 6 0.712

Drinking 8 5 0.293

Degree of stenosis
Severe stenosis (70~100%)
Moderate stenosis (50~69%)

8
4

6
3

0.681
fron
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stained with primary antibody overnight. Primary antibody was

detected using fluorescent-conjected second antibodies (ZSGB-

BIO, China). Primary antibodies were: anti-CD68 (Abcam,

United States), anti-CD86 (Abcam, United States), and anti-

HLA_DR (Abcam, United States). Sections were mounted with

fluorescence mounting medium (Glostrup, Denmark).

Fluorescent images were acquired on a Zeiss LSM880 NLO

microscope and Zeiss Axio Scope Al was used to obtain H&E

images. Three fields were randomly selected from each staining

and the number of fusion particles of CD68, CD86 and HLA_DR

in each field was counted. The Wilcoxon rank test was used and

P<0.05 indicated statistically significant difference.
Results

RNA-seq data from plaques and normal
superficial temporal artery was analyzed
to preliminarily explore the immune
microenvironment in plaques

In order to explore the composition of immune

microenvironment in plaques, RNA sequencing data from

plaques of 3 atherosclerotic patients and data from superficial

temporal artery of 5 patients undergoing craniocerebral trauma

surgery were analyzed. A total of 16036 differentially expressed

genes (defined as |log2FoldChange|>1 and FDR <0.05) were

identified. Among them, 3656 genes were upregulated in the

atherosclerosis plaques (Figure 1A). To elucidate the functional

implications of the differentially expressed genes, we performed

pathway enrichment analyses of the upregulated and

downregulated genes. For genes upregulated in plaques, NF-

kappaB signaling and B cell activation were found to be

significantly by Gene Ontology analysis and T cell receptor

signaling pathway and B cell receptor signaling pathway were

found to be significantly by Kyoto Encyclopedia of Genes and

Genomes analysis. These results suggested immune responses

involved T lymphocyte and B lymphocyte were existed in

plaques (Figure 1C). Some of the up-regulated genes in

plaques were also enriched in the biological processes

associated with TNF signaling pathway. This suggested the

TNF-a mediated immune responses within the plaques

(Figure 1D) (Complete GO and KEEG enrichment data were

shown in Supplementary Tables 2 and 3).

Finally, based on these RNA-Seq data, we used xCell (R

package, Aran Dvir, 2017) to infer the type and proportion of

cells contained in atherosclerotic plaques. The results showed

that endothelial cells, smooth muscle cells and fibrous cells were

composed of superficial temporal artery (Figure 1E). In addition

to these cells, atherosclerotic plaques also contain a large number

of macrophages, dendritic cells, T and B lymphocytes
Frontiers in Immunology 04
(Figure 1E). The results of immune infiltration analysis

provided guidance for the subsequent selection of CyTOF

antibody profiles.
Composition of immune cells in
atherosclerotic plaque

According to the imaging (CTA/MRA/UTA) results, we

divided the enrolled specimens into 12 stable plaques and 9

vulnerable plaques (Typical H&E images of stable and

vulnerable plaques were shown in Supplementary Figure 2).

Specific metal antibodies were selected on the basis of RNA-seq

analysis (Detailed information of antibodies panel was shown in

Supplementary Table 1). Flowsom, an unsupervised clustering

method, was used to analyze the cellular composition of

atherosclerotic plaques from 21 patients (Figure 2). Finally, 15

clusters were found. Each cell type was identified by specific

markers on the its surface (Figure 3A). We found that

macrophages and lymphocytes were the main components of

plaques (Figure 3B). Macrophages were composed of 6 clusters,

accounting for 63.9%. Lymphocytes consisted of T lymphocytes

and B lymphocytes. While 7 clusters made up T lymphocytes,

accounting for 31.9%. B lymphocytes were composed of two

clusters, accounting for 4.2% (Figure 3B). T-SNE was employed

to convert high-dimensional CyTOF data and was used to map

the immune compartments of all samples.
T cells were dominant in stable plaques,
and macrophages were dominant in
vulnerable plaques

The composition of the two plaques was compared to

explore differences in immune composition between stable and

vulnerable plaques. Overall, each cell subset was distributed in

both types of plaques. T cells were predominant in stable

plaques, accounting for 57.2%. Macrophages accounted for

39.1%. However, macrophages were the most abundant cell

group in vulnerable plaques, accounting for 56.4%. T cells only

accounted for 36.7% (Figure 4C). These seemed to suggest

differences in immune environments between the two plaques.
CD4+T memory cells were more
abundant in stable plaques, while CD11c
+CD4+T cells in vulnerable plaques
secreted higher IFN-r

The type of T cells in plaques was diverse. CD4+T cells dominate

the plaques. There were 5 clusters of CD4+T lymphocytes, including
frontiersin.org
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D

A B

E

C

FIGURE 1

RNA-seq analysis. A: The RNA-seq data of normal superficial temporal arteries and plaques were compared. The differential genes were shown
by volcanic map (A) and heatmap (B). (C) Bubble map shown the GO enrichment results of up-regulated genes in plaques. (D) Histogram shown
KEEG pathway enrichment results of up-regulated and down-regulated genes in plaques. (E) Immune infiltration analysis revealed the
composition of superficial temporal arteries and atherosclerotic plaques.
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memory cells and effector cells. Comparing the percentage of cell

subsets in the two plaques, CD4+T cells of cluster10 were the only

group of cells more abundant in stable plaques (p<0.05) (Figures 4B,

D). CD45RO+ and CD127, surface markers of memory cells, co-exist

on the surface of cells from this cluster (15, 16). There was no

difference in the content of other subsets between the two types of

plaque. However, Cluster2 (CD11c+CD4+T cells) in vulnerable

plaques secreted a higher level of IFN-r than in stable plaques (p<

0.05) (Figure 4E-1). It was suggested that this group of cells in

vulnerable plaques might also play a unique function.
CD19+CD20-B cells in vulnerable
plaques secreted more TNF-a and IL-6,
while CD19-CD20+B cells expressed
more PD-1 molecules

Two types of B cells existed in samples. These B cells have

different surface molecular patterns. Cluster9 expressed CD19+,

whereas Cluster8 expressed CD20 but not CD19 (Figure 3D).

Cluster9 also expressed surface markers HLA_DR and CCR7,

which were involved in cell activation and migration, suggesting

that this cluster may be a group of activated B subsets cells (17,

18). There was no difference in the number of these clusters

between the two types of plaque. Functional analysis showed that

cluster8 expressed a higher level of PD-1 molecule in vulnerable
Frontiers in Immunology 06
plaques (p<0.05) (Figure 4E-2). Cluster9 showed a higher level of

TNF-a and IL-6 (p<0.05) (Figure 4E-3 and 4E-4).
Vulnerable plaques contain
more CD86+CD68+ M1 pro-
inflammatory macrophages

Macrophages were the most abundant cluster in plaques and

contained multiple cell subsets (Figure 4C). However, compared

with stable plaques, cluster14 was the only cluster that was more

abundant in vulnerable plaques (Figures 4B, D). These clusters

expressed CD68 and HLA_DR, typical macrophage surface

markers (19). In addition, CD86, corresponding to M1-like

macrophages, existed on the surface of cluster14 (20, 21).

Polychromatic immunofluorescence showed that there were

more M1 macrophages in vulnerable plaques (Figures 5A, B).

Functional analysis showed that this cluster also expressed IL-6

and IFN-r (pro-inflammatory cytokines), and functional

analysis did not reveal a significant difference (Figure 4E-4).
Discussion

Stroke has become a severe disease endangering human

health, and its high mortality and disability rate have increased

the global burden of disease (22, 23). Many of these diseases are
FIGURE 2

Workflow: According to preoperative imaging data, 21 enrolled atherosclerotic patients were divided into the vulnerable plaque group (n=9) and
the stable plaque group (n=12). All plaques were examined by Mass Cytometry after special treatment. Among them, 9 remaining plaque
samples were paraffin-embedded and were stained with immunofluorescent antibodies. Atherosclerotic plaques from 3 additional patients were
performed for RNA-seq analysis. In addition, superficial temporal artery from 5 patients undergoing craniocerebral trauma surgery were also
used for RNA-seq analysis as control groups (This Figure was created by Biorender).
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caused by plaque shedding in the carotid artery that blocked the

distal blood vessels. Deciduous plaques (often referred to as

vulnerable plaques) are more likely to cause distal vascular

obstruction than stable plaques (14, 24). Therefore, it is

particularly important to explore the differences in immune

microenvironment composition between stable plaques and
Frontiers in Immunology 07
vulnerable plaques. In this study, we used CyTOF technology

to analyze the cell composition between two types of plaques. It

was found that CD4+T memory cells were mainly present in

stable plaques, while M1 macrophages were mainly existed in

vulnerable plaques. Polychromatic immunofluorescence and

RNA-seq analysis further confirmed this finding that was
D

A B

C

FIGURE 3

Cellular components within atherosclerotic plaques. (A) The analysis identified 15 populations, including T lymphocyte cells and macrophages.
High-dimensional characterization of the mononuclear cell was shown by t-SNE. (B) The accumulation histogram presented the proportion of
cell subsets within the plaques. (C) Heatmap showing the relative expression level of the chosen markers within the 15 cell subsets identified by
the t-SNE clustering shown in (A). (D) Markers of the particular cell were displayed by spectral colors on t-SNE maps.
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more M1 macrophages in vulnerable plaques. In subgroup

analysis, different polarization directions of macrophages

seemed to play an important role in the stability of plaques. In

addition, CyTOF analysis also found that plaque-derived CD4
Frontiers in Immunology 08
+T cells and B cells showed more active function, although there

was no statistical difference in their content.

As an important cell type in plaques, T lymphocytes are

widely involved in the development of atherosclerotic lesions
D

A

B

E1 E2

E3 E4

C

FIGURE 4

Comparison of cellular components in stable plaques and vulnerable plaques. (A) T-SNE plots of clusters were displayed for representative
stable and vulnerable plaques. (B) The accumulation histogram showed the proportion of each cell subset in two types of plaques. (C)
SPADEVizR method was used to analyze and present cell composition differences between vulnerable and stable plaques. (D) Bar graphs
showing the changes in abundance of the cell populations identified in the t-SNE clustering, between vulnerable and stable plaques (Asterisks
represented subsets of cells that were statistically different). (E) (1-4): The levels of functional molecules expressed by the same cell subsets
within the vulnerable plaques and stable plaques (Asterisks represented subsets of cells that were statistically different).
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(25, 26). Comparative analysis showed that cluster2, a CD4+T

cell subset, was highly secreted IFN-r in vulnerable plaques. IFN-

r is the main effector molecule of Th1 cells (26–28), suggesting

that cluster 2 cells in vulnerable plaques were more inclined to

the pro-inflammatory Th1 activation state. IFN-r, as an

important proatherogenic cytokine, plays an important role in

the development of atherosclerosis (29, 30). IFN-r could

promote the formation of foam cells and lead to plaque

instability by affecting endothelial cell function (31–33). This

implied that CD11c+ CD4+T cells with high secreted IFN-r in

vulnerable plaques might be the primary cell subsets causing

vulnerable transformation of plaques.

Although B cells are less abundant in plaque tissue, they are

also considered important in the immune microenvironment of

plaques (34, 35). We found two clusters of B lymphocytes in

plaques, and there was no difference in the amount of B

lymphocytes between the two types. Our study suggested that

the two subsets of B cells in vulnerable plaques may play a role in

plaque vulnerability in different ways. CD19+CD20- B cells from

vulnerable plaques expressed the pro-inflammatory cytokines

IL-6 and TNF-a. IL6 generally was consider to be a pro-

atherogenic cytokine that had a strong regulatory effect on the
Frontiers in Immunology 09
extracellular matrix (36, 37). IL-6 stimulates the synthesis of

matrix-degrading enzymes that erode the matrix within plaques,

leading to the rupture of plaques (38, 39). In addition, TNF-a

derived from B cells can activate macrophages within plaques to

produce more TNF-a, further leading to apoptosis and causing

rupture (40). This subset of B cells may influence plaque stability

via these proinflammatory cytokines. The other CD19-CD20+ B

cells from vulnerable plaques expressed higher level of PD-1.

Studies have found that high expression of PD-1 by innate-type

B cells after their activation by antigens and PD-1 molecule on

the surface of B cells facilitate the adaptive responses through

longer-lived plasma cells and memory cells generated (41).

Animal experiments have also found that B2 cells involved in

adaptive immune response can promote the progression of

atherosclerotic plaques (42). This suggests that CD19-CD20+B

cells in vulnerable plaques may mediate local adaptive immune

response through PD-1 molecules on their surface and trigger

plaque progression. Differences in expression levels of functional

molecules expressed by the same clusters reflected the difference

in immune microenvironment between stable and vulnerable

plaques. These differences may be an important cause of

plaque instability.

Macrophages are key players in atherosclerotic disease and

their polarization states have a role in atherogenesis (43).

Phagocytosis, clearance of ox-LDL, secretion of a variety of

cytokines and antigen presentation were the important

functions of macrophages involved in plaque lesions (44).

These macrophages can change the phenotype expression,

depending on the location and microenvironment. Previous

studies have found that the lesions of stable plaques were

mainly composed of M2-like macrophages, while M1-like

macrophages primarily existed in vulnerable plaques (45). This

is consistent with our findings. In this study, we found that a

variety of macrophage subpopulations existed in plaques, among

which cluster14 content was higher in vulnerable plaques. This

subgroup expressed the surface marker of CD86 and CD68,

which were surface markers of M1-like pro-inflammatory

macrophages. Functional analysis showed that these cells

secreted pro-inflammatory cytokines and the functional status

were consistent in different type of environments. The small

number of these cells in the stable plaques suggested that a weak

proinflammatory response was also present in the stable plaque,

The change in the number of CD86+CD68+ M1-like

macrophages may disrupt the original homeostasis and

promote plaque vulnerability.

This also reflected the dynamic association between vulnerable

and stable plaques. Further multicolor immunofluorescence

revealed the presence of more MMP2 and MMP9 within the

vulnerable plaques (see Supplementary Figure 3 for details). It is

generally believed that M1 macrophages degraded the extracellular

matrix by secreting proteolytic enzymes, thus causing the rupture of

fibrous caps (25). This may also be a reason for the

vulnerable transformation.
A

B

FIGURE 5

Polychromatic immunofluorescence. A larger amount of
activated M1 macrophages were expressed in vulnerable plaques
than in stable plaques. Typical multicolor immunofluorescence
images of stable and vulnerable plaques are shown in Figure (A).
Statistical difference in CD68+CD80+HLA_DR+ particles
between two groups were shown in Figure (B).
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Compared with vulnerable plaques, the immune environment

in stable plaques was relatively mild. The same subsets of cells

presented in stable plaques were not as active as those in vulnerable

plaques. In contrast, only CD4+T memory cells were more

abundant in stable plaques. Memory cells are generally

considered the evidence of a prior adaptive immune response.

This evidence also suggested that atherosclerotic plaque was a

chronic progressive disease. In response to reappeared antigen

stimulation, memory T cells may trigger the next inflammatory

response within the plaque, promoting further plaque progression.

There are also some limitations to our study. Firstly, only 32

antibodies were selected, and some subsets could not be

effectively distinguished. Secondly, mononuclear cells were

extracted from the specimen as a whole, which could not

reflect the immune changes in different parts of the plaque.

In future study, spatial single-cell technology could effectively

solve this problem. Finally, atherosclerotic plaques from

patients undergoing surgery may be in the terminal stage

of lesion evolution, so it is necessary to analyze the immune

components of plaques in different periods, and reflect

the dynamic changes in plaque immune environment more

comprehensively. Further and more refined exploration

is needed.
Data availability statement

The data presented in the study are deposited in the National

Genomics Data Center repository, accession number

OMIX002548.
Ethics statement

The studies involving human participants were reviewed and

approved by Institutional Review Board (IRB) and Ethics

Committee of Beijing Tiantan Hospital. The patients/

participants provided their written informed consent to

participate in this study.
Frontiers in Immunology 10
Author contributions

PG conducted the experiment and wrote this article. HL

designed the experiment and collected the data. XY provided the

surgical specimen and analysis data. YX, QH, LM helped

organize some of the data. QZ and XY performed the

atherectomy. WW provided the guidance for this experiment.

DZ and JZ supervised this experiment. All authors contributed

to the article and approved the submitted version.
Acknowledgments

Thanks to Zechen Liu for his help with the language of

this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fimmu.2022.1085468/full#supplementary-material
References
1. Hansson GK, Hermansson A. The immune system in atherosclerosis. Nat
Immunol (2011) 12(3):204–12. doi: 10.1038/ni.2001

2. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease.
New Engl J Med (2005) 352(16):1685–95. doi: 10.1056/NEJMra043430

3. Christopher JLM, Cristiana A, Kaja MA, Mohammad A, Mohsen A, Foad A.
Five insights from the global burden of disease study 2019. Lancet (London
England) (2020) 396(10258):1135–59. doi: 10.1016/S0140-6736(20)31404-5

4. Ampomah PB, Cai B, Sukka SR, Gerlach BD, Yurdagul A Jr, Wang X, et al.
Macrophages use apoptotic cell-derived methionine and Dnmt3a during
efferocytosis to promote tissue resolution. Nat Metab (2022) 4(4):444–57. doi:
10.1038/s42255-022-00551-7
5. Guo Y, Qin J, Zhao Q, Yang J, Wei X, Huang Y, et al. Plaque-targeted
rapamycin spherical nucleic acids for synergistic atherosclerosis treatment.
Advanced Sci (Weinheim Baden-Wurttemberg Germany) (2022) 9(16):e2105875.
doi: 10.1002/advs.202105875

6. Song P, Fang Z, Wang H, Cai Y, Rahimi K, Zhu Y, et al. Global and regional
prevalence, burden, and risk factors for carotid atherosclerosis: A systematic
review, meta-analysis, and modelling study. Lancet Global Health (2020) 8(5):
e721–e9. doi: 10.1016/S2214-109X(20)30117-0

7. Joh JH, Cho S. Cardiovascular risk of carotid atherosclerosis: Global
consensus beyond societal guidelines. Lancet Global Health (2020) 8(5):e625–e6.
doi: 10.1016/S2214-109X(20)30132-7
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2022.1085468/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1085468/full#supplementary-material
https://doi.org/10.1038/ni.2001
https://doi.org/10.1056/NEJMra043430
https://doi.org/10.1016/S0140-6736(20)31404-5
https://doi.org/10.1038/s42255-022-00551-7
https://doi.org/ 10.1002/advs.202105875
https://doi.org/10.1016/S2214-109X(20)30117-0
https://doi.org/10.1016/S2214-109X(20)30132-7
https://doi.org/10.3389/fimmu.2022.1085468
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Ge et al. 10.3389/fimmu.2022.1085468
8. Tomaniak M, Katagiri Y, Modolo R, de Silva R, Khamis RY, Bourantas CV,
et al. Vulnerable plaques and patients: State-of-the-Art. Eur Heart J (2020) 41
(31):2997–3004. doi: 10.1093/eurheartj/ehaa227

9. Muller JE, Tofler GH, Stone PH. Circadian variation and triggers of onset of acute
cardiovascular disease. Circulation (1989) 79(4):733–43. doi: 10.1161/01.CIR.79.4.733

10. Yang WJ, Wong KS, Chen XY. Intracranial atherosclerosis: From
microscopy to high-resolution magnetic resonance imaging. J stroke (2017) 19
(3):249–60. doi: 10.5853/jos.2016.01956

11. Verjans JW, Osborn EA, Ughi GJ, Calfon Press MA, Hamidi E, Antoniadis
AP, et al. Targeted near-infrared fluorescence imaging of atherosclerosis: Clinical
and intracoronary evaluation of indocyanine green. JACC Cardiovasc Imaging
(2016) 9(9):1087–95. doi: 10.1016/j.jcmg.2016.01.034

12. Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, Ballantyne
C, et al. Antiinflammatory therapy with canakinumab for atherosclerotic disease.
New Engl J Med (2017) 377(12):1119–31. doi: 10.1056/NEJMoa1707914

13. Tardif JC, Kouz S, Waters DD, Bertrand OF, Diaz R, Maggioni AP, et al.
Efficacy and safety of low-dose colchicine after myocardial infarction. New Engl J
Med (2019) 381(26):2497–505. doi: 10.1056/NEJMoa1912388

14. Saba L, Saam T, Jäger HR, Yuan C, Hatsukami TS, Saloner D, et al. Imaging
biomarkers of vulnerable carotid plaques for stroke risk prediction and their potential clinical
implications. Lancet Neurol (2019) 18(6):559–72. doi: 10.1016/S1474-4422(19)30035-3

15. Liu Q, Sun Z, Chen L. Memory T cells: Strategies for optimizing tumor
immunotherapy. Protein Cell (2020) 11(8):549–64. doi: 10.1007/s13238-020-00707-9

16. Crawley AM, Angel JB. The influence of hiv on Cd127 expression and its
potential implications for il-7 therapy. Semin Immunol (2012) 24(3):231–40. doi:
10.1016/j.smim.2012.02.006

17. Beverley PC. Functional analysis of human T cell subsets defined by Cd45
isoform expression. Semin Immunol (1992) 4(1):35–41.

18. Cossarizza A, Chang HD, Radbruch A, Abrignani S, Addo R, Akdis M, et al.
Guidelines for the use offlow cytometry and cell sorting in immunological studies (Third
edition). Eur J Immunol (2021) 51(12):2708–3145. doi: 10.1002/eji.202170126

19. Chávez-Galán L, Olleros ML, Vesin D, Garcia I. Much more than M1 and
M2 macrophages, there are also Cd169(+) and tcr(+) macrophages. Front Immunol
(2015) 6:263. doi: 10.3389/fimmu.2015.00263

20. Gordon S, Plüddemann A. The mononuclear phagocytic system. generation
of diversity. Front Immunol (2019) 10:1893. doi: 10.3389/fimmu.2019.01893

21. Akinrinmade OA, Chetty S, Daramola AK, IslamMU, Thepen T, Barth S. Cd64:
An attractive immunotherapeutic target for M1-type macrophage mediated chronic
inflammatory diseases. Biomedicines (2017) 5(3):56. doi: 10.3390/ biomedicines5030056

22. Falk E. Pathogenesis of atherosclerosis. J Am Coll Cardiol (2006) 47(8
Suppl):C7–12. doi: 10.1016/j.jacc.2005.09.068

23. Hafiane A. Vulnerable plaque, characteristics, detection, and potential
therapies. J Cardiovasc Dev Dis (2019) 6(3):26. doi: 10.3390/jcdd6030026

24. NaghaviM,LibbyP, FalkE,Casscells SW,Litovsky S,Rumberger J, et al. Fromvulnerable
plaque to vulnerable patient: A call for new definitions and risk assessment strategies: Part I.
Circulation (2003) 108(14):1664–72. doi: 10.1161/01.CIR.0000087480.94275.97

25. Tabas I, Lichtman AH. Monocyte-macrophages and T cells in
atherosclerosis. Immunity (2017) 47(4):621–34. doi: 10.1016/j.immuni.2017.09.008

26. Winkels H, Wolf D. Heterogeneity of T cells in atherosclerosis defined by
single-cell rna-sequencing and cytometry by time of flight. Arteriosclerosis
thrombosis Vasc Biol (2021) 41(2):549–63. doi: 10.1161/ATVBAHA.120.312137

27. Li H, Nam Y, Huo R, Fu W, Jiang B, Zhou Q, et al. De novo germline and
somatic variants convergently promote endothelial-to-Mesenchymal transition in
simplex brain arteriovenous malformation. Circ Res (2021) 129(9):825–39. doi:
10.1161/CIRCRESAHA.121.319004

28. Foulds KE, Wu CY, Seder RA. Th1 memory: Implications for vaccine
development. Immunol Rev (2006) 211:58–66. doi: 10.1111/j.0105-2896.2006.00400.x

29. Yu XH, Zhang J, Zheng XL, Yang YH, Tang CK. Interferon-G in foam cell
formation and progression of atherosclerosis. Clinica chimica acta; Int J Clin Chem
(2015) 441:33–43. doi: 10.1016/j.cca.2014.12.007
Frontiers in Immunology 11
30. Goossens P, Gijbels MJ, Zernecke A, Eijgelaar W, Vergouwe MN, van der
Made I, et al. Myeloid type I interferon signaling promotes atherosclerosis by
stimulating macrophage recruitment to lesions. Cell Metab (2010) 12(2):142–53.
doi: 10.1016/j.cmet.2010.06.008

31. Weng X, Cheng X, Wu X, Xu H, Fang M, Xu Y. Sin3b mediates collagen type
I gene repression by interferon gamma in vascular smooth muscle cells. Biochem
Biophys Res Commun (2014) 447(2):263–70. doi: 10.1016/j.bbrc.2014.03.140

32. Yeh JL, Hsu JH, Liang JC, Chen IJ, Liou SF. Lercanidipine and
labedipinedilol–a attenuate Lipopolysaccharide/Interferon-G-Induced
inflammation in rat vascular smooth muscle cells through inhibition of Hmgb1
release and mmp-2, 9 activities. Atherosclerosis (2013) 226(2):364–72. doi: 10.1016/
j.atherosclerosis.2012.12.005

33. Nakagawa T, Nozaki S, Nishida M, Yakub JM, Tomiyama Y, Nakata A, et al.
Oxidized ldl increases and interferon-gamma decreases expression of Cd36 in
human monocyte-derived macrophages. Arteriosclerosis thrombosis Vasc Biol
(1998) 18(8):1350–7. doi: 10.1161/01.ATV.18.8.1350

34. Ma X, Deng J, Han L, Song Y, Miao Y, Du X, et al. Single-cell rna
sequencing reveals b cell-T cell interactions in vascular adventitia of
hyperhomocysteinemiaaccelerated atherosclerosis. Protein Cell (2022) 13(7):540–
547. doi: 10.1007/s13238-021-00904-0

35. Zhang S, Zhang S, Lin Z, Zhang X, Dou X, Zhou X, et al. Deep sequencing
reveals the skewed b-cell receptor repertoire in plaques and the association between
pathogens and atherosclerosis. Cell Immunol (2021) 360:104256. doi: 10.1016/
j.cellimm.2020.104256

36. Fernández-Ruiz I. Promising anti-Il-6 therapy for atherosclerosis. Nat Rev
Cardiol (2021) 18(8):544. doi: 10.1038/s41569-021-00575-8

37. Bernberg E, Ulleryd MA, Johansson ME, Bergström GM. Social disruption
stress increases il-6 levels and accelerates atherosclerosis in apoe-/- mice.
Atherosclerosis (2012) 221(2):359–65. doi: 10.1016/j.atherosclerosis.2011.11.041

38. Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circulation (1995)
92(3):657–71. doi: 10.1161/01.CIR.92.3.657

39. Tyrrell DJ, Goldstein DR. Ageing and atherosclerosis: Vascular intrinsic and
extrinsic factors and potential role of il-6. Nat Rev Cardiol (2021) 18(1):58–68. doi:
10.1038/s41569-020-0431-7

40. Tay C, Liu YH, Hosseini H, Kanellakis P, Cao A, Peter K, et al. B-Cell-
Specific depletion of tumour necrosis factor alpha inhibits atherosclerosis
development and plaque vulnerability to rupture by reducing cell death and
inflammation. Cardiovasc Res (2016) 111(4):385–97. doi: 10.1093/cvr/cvw186

41. Okazaki T, Chikuma S, Iwai Y, Fagarasan S, Honjo T. A rheostat for
immune responses: The unique properties of pd-1 and their advantages for clinical
application. Nat Immunol (2013) 14(12):1212–8. doi: 10.1038/ni.2762

42. Kyaw T, Tay C, Khan A, Dumouchel V, Cao A, To K, et al. Conventional B2 b
cell depletion ameliorates whereas its adoptive transfer aggravates atherosclerosis. J
Immunol (Baltimore Md 1950) (2010) 185(7):4410–9. doi: 10.4049/jimmunol.1000033

43. Libby P, Buring JE, Badimon L, Hansson GK, Deanfield J, Bittencourt MS, et al.
Atherosclerosis. Nat Rev Dis Primers (2019) 5(1):56. doi: 10.1038/s41572-019-0106-z

44. Moore KJ, Sheedy FJ, Fisher EA. Macrophages in atherosclerosis: A dynamic
balance. Nat Rev Immunol (2013) 13(10):709–21. doi: 10.1038/nri3520

45. Mehu M, Narasimhulu CA, Singla DK. Inflammatory cells in atherosclerosis.
Antioxidants (Basel Switzerland) (2022) 11(2):233. doi: 10.3390/ antiox11020233

COPYRIGHT

© 2023 Ge, Li, Ya, Xu, Ma, He, Wang, Liu, Zhang, Zhang, Wang, Zhang and
Zhao. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
frontiersin.org

https://doi.org/10.1093/eurheartj/ehaa227
https://doi.org/10.1161/01.CIR.79.4.733
https://doi.org/10.5853/jos.2016.01956
https://doi.org/10.1016/j.jcmg.2016.01.034
https://doi.org/10.1056/NEJMoa1707914
https://doi.org/10.1056/NEJMoa1912388
https://doi.org/10.1016/S1474-4422(19)30035-3
https://doi.org/10.1007/s13238-020-00707-9
https://doi.org/10.1016/j.smim.2012.02.006
https://doi.org/10.1002/eji.202170126
https://doi.org/10.3389/fimmu.2015.00263
https://doi.org/10.3389/fimmu.2019.01893
https://doi.org/10.3390/ biomedicines5030056
https://doi.org/10.1016/j.jacc.2005.09.068
https://doi.org/10.3390/jcdd6030026
https://doi.org/10.1161/01.CIR.0000087480.94275.97
https://doi.org/10.1016/j.immuni.2017.09.008
https://doi.org/10.1161/ATVBAHA.120.312137
https://doi.org/10.1161/CIRCRESAHA.121.319004
https://doi.org/10.1111/j.0105-2896.2006.00400.x
https://doi.org/10.1016/j.cca.2014.12.007
https://doi.org/10.1016/j.cmet.2010.06.008
https://doi.org/10.1016/j.bbrc.2014.03.140
https://doi.org/10.1016/j.atherosclerosis.2012.12.005
https://doi.org/10.1016/j.atherosclerosis.2012.12.005
https://doi.org/10.1161/01.ATV.18.8.1350
https://doi.org/10.1007/s13238-021-00904-0
https://doi.org/10.1016/j.cellimm.2020.104256
https://doi.org/10.1016/j.cellimm.2020.104256
https://doi.org/10.1038/s41569-021-00575-8
https://doi.org/10.1016/j.atherosclerosis.2011.11.041
https://doi.org/10.1161/01.CIR.92.3.657
https://doi.org/10.1038/s41569-020-0431-7
https://doi.org/10.1093/cvr/cvw186
https://doi.org/10.1038/ni.2762
https://doi.org/10.4049/jimmunol.1000033
https://doi.org/10.1038/s41572-019-0106-z
https://doi.org/10.1038/nri3520
https://doi.org/10.3390/ antiox11020233
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fimmu.2022.1085468
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Single-cell atlas reveals different immune environments between stable and vulnerable atherosclerotic plaques
	Introduction
	Materials and methods
	Human specimens and ethics statements
	RNA extraction and library construction
	Quality control and data analysis
	Plaque tissue and superficial temporal arteries single-cell dissociation
	Mass cytometry
	CyTOF data analysis
	Histology and immunofluorescence staining

	Results
	RNA-seq data from plaques and normal superficial temporal artery was analyzed to preliminarily explore the immune microenvironment in plaques
	Composition of immune cells in atherosclerotic plaque
	T cells were dominant in stable plaques, and macrophages were dominant in vulnerable plaques
	CD4+T memory cells were more abundant in stable plaques, while CD11c+CD4+T cells in vulnerable plaques secreted higher IFN-r
	CD19+CD20-B cells in vulnerable plaques secreted more TNF-a and IL-6, while CD19-CD20+B cells expressed more PD-1 molecules
	Vulnerable plaques contain more CD86+CD68+ M1 pro-inflammatory macrophages

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


