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Abstract
Background: atherosclerosis is a multifaceted disease characterized by the formation and accumulation
of plaques that �x to the arteries and causes some cardiovascular disease and vascular embolism. A
range of diagnostic techniques, including selective coronary angiography, stress tests, CT, and nuclear
scans allow assessment of cardiovascular disease risk and treatment targets. However, there is not a very
simple blood biochemical index or biological target for the diagnosis of atherosclerosis at present. So it
would be interesting to �nd a blood biochemical marker for atherosclerosis.

Methods: Three datasets from Gene Expression Omnibus (GEO) database were analyzed to obtain
differentially expressed genes (DEG) and the results were integrated using Robustrankaggreg algorithm.
The genes considered more important by Robustrankaggreg algorithm were put into their own data set
and the data set system with cell classi�cation information for veri�cation.

Results: 21 possible genes were screened out. Interestingly, we found a good correlation between
RPS4Y1, EIF1AY and XIST. In addition, we know the general expression of these genes in different cell
types and whole blood cells

Conclusions: In this study, we identi�ed BTNL8 and BLNK as having good clinical signi�cance. These
results will contribute to the study of the underlying genes involved in the progression of atherosclerosis
and provide insights for the discovery of new diagnostic and evaluation methods.

Background
Atherosclerosis (AS) is the main cause of coronary heart disease, peripheral vascular disease and
cerebral infarction[1]. The development of atherosclerotic lesions may be caused by low-density
lipoprotein, a lipoprotein that carries cholesterol through the bloodstream. Other risk factors of
atherosclerosis and its thrombotic complications include smoking, diabetes and high blood pressure[2]. A
growing evidence also points out that a role of the immune system, as emerging risk factors include
in�ammation and clonal hematopoiesis. A range of diagnostic techniques, including invasive (such as
selective coronary angiography) and non-invasive (such as nuclear scans, CT, stress tests, and blood
biomarkers), allow assessment of cardiovascular disease risk and treatment targets. However, there is not
a very simple blood biochemical index or biological target for the diagnosis of atherosclerosis at present,
but more ultrasonographic screening or angiography are used[3]. So it would be valuable to �nd a blood
biochemical marker for atherosclerosis.

With the development of omics, and due to the availability of clinical blood samples, many studies have
focused on blood transcriptome of patients with atherosclerosis. Transcriptome analysis of circulating
mononuclear cells from carefully matched atherosclerotic and control patients will potentially provide
insights into the pathophysiology of atherosclerosis and supply biomarkers for diagnostic purposes[4–7].
One study focused on differences in various cells in the blood of patients with AS to explore the
biological functions of macrophages and CD34 cells[8], Other studies have looked at the transcriptome of
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peripheral blood and the transcriptional expression of circulating cells in patients with acute myocardial
infarction or artery plaque[9], They suggest that genes that mediate immune response, in�ammation,
apoptosis, stress response, phosphorylation, hemostasis, platelet activation and platelet aggregation may
play an important role[10], it also provides some ideas for the subsequent experimental research.

In this study, after the detection of different expression genes in multiple data sets, the Robust rank
aggregation algorithm was used for integration evaluation, and 21 possible genes were screened out as
potential biomarkers for biological diagnostic screening. We looked at the expression of these genes in
different circulating cells. Interestingly, we found a good correlation between RPS4Y1, EIF1AY and XIST.

Method
Retrieve

Keywords “atherosclerosis” and “blood” were searched in the GEO database and the specie was limited in
“Homo sapiens”. 59 data sets were retrieved, and then we manually excluded the mRNA chip data sets
unrelated to the blood of atherosclerosis patients and not clearly grouped, and �nally three data sets were
screened out (Table.1).

Quality control

We assessed the basic data using R language assessment and quality control, all the expression of
matrix through log2 processing, and use ggpolt2 package for drawing, has carried on the related PCA
(Principal Component Analysis)[11]. PCA is a common way of data Analysis and often used for
dimensionality reduction of high-dimensional data to extract the main characteristics of the Component.
Firstly, the data are preprocessed, and then the co-prevention matrix of matrix X is calculated. Then, the
eigenvalues and eigenvectors of the co-prevention difference matrix are calculated. On the hand, the
expression density, box diagram of each expression quantity were drawn to sure each data has good
comparability (Fig.s1, Fig.s2 and Fig.s3).

Differentially expressed genes (DEGs)

The samples were divided into case and control groups according to the information on GEO. The LIMMA
package of R language was used to analyze the differential genes[12], and the logFc values of most
genes were between − 1 and 1. We screened the upregulated genes with a logFc value greater than 0.5
and a p value less than 0.01, and the down-regulated genes with a logFc value less than − 0.5 and p-value
less than 0.01.

Robustrankaggreg

Robustrankaggreg R package was used to integrate the up-down-regulated genes[13], respectively. Genes
with a score less than 0.05 were screened out as the marker genes we considered, and a heat map of
logFC in different datasets was drawn (Fig. 1).
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Genetic alignment and correlation analysis

The expression matrices of the identi�ed genes were selected from the original data set and GSE9820[4],
and the unclustered and clustered heat maps were constructed (Fig. 2, Fig. 3, Fig. 4,. Figure 5 and Fig. 6)
The genes of interest were plotted in a scatter plot. P.value < 0.05.

Results
1. Genes detected according to the integrated DEGs

Although the logFC values of most of the differential genes identi�ed in the whole blood transcriptome
were between − 1 and 1, through the analysis and screening of the three datasets, we still obtained 21
genes with good scores, including up-regulated genes: BTNL8, GPR15, STX11, DDX3Y(DBY), TMEM158.
G0S2, PS4Y1 (RPS4Y), ZNF80, PTGS2, EIF1AY (IF1AY) and FFAR2.Among them, BTNL8, GPR15, STX11
and TMEM158 have relatively high logFC in multiple data sets, while DDX3Y(DBY), G0S2, PS4Y1(RPS4Y),
PTGS2, EIF1AY(IF1AY) and FFAR2 have relatively high logFC in a single data set. The down-regulated
genes included BLNK, XIST, PSPH, LOC10272435, SCGB3A1, AKR1C3, KLRC1, EFHB,KIZ and FCRL2,
among them BLNK showed signi�cant differences in multiple data sets, while XIST showed a signi�cant
difference in GSE90074. These genes may be used for screening and evaluation of AS or vascular
plaques.

2. The correlation between RPS4Y1, XIST and EIF1AY

Because the logFC value is low, the difference between the case and control groups is not visible to the
naked eye. However, after clustering the heat maps, we found an interesting phenomenon for the �rst
time: XIST is negatively correlated with RPS4Y1 in all the three data sets, and XIST is negatively
correlated with EIF1AY. The sample expressing XIST, RPS4Y1 and EIF1AY are basically not expressed,
and vice versa. This mechanism may also be involved in atherosclerosis.

3. Validation in different cell types.

We picked up the expression of these selected genes in the data set of GSE9820[4], which is a sequencing
data of Mononuclear Cell Transcriptomes, and identi�ed �ve kinds of cells, including CD34 + stem cells,
CD4 + T-cells, resting CD14 + monocytes, stimulated monocytes and macrophages. It can be seen that the
expression level of BTNL8 is relatively low in these �ve kinds of cells, while it is still relatively high in other
data sets, so it should be highly expressed in a cell that does not belong to these �ve kinds of cells.
RPS4Y1 and EIF1AY were not tissue speci�c, but individual speci�c. GPR15 and ZNF80 were highly
expressed in T cells, G0S2, PTGS2 and FFAR2 were highly expressed in stimulated monocytes, and stem
cells mainly highly expressed BLNK, AkR1C3 and FCRL2.Good consistency between RPS4Y1 and EIF1AY
can also be seen in the cluster diagram of GSE9820.

Discussions
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This study combines three of coronary atherosclerosis in patients with blood samples mrna array dataset
to �lter possible coronary atherosclerosis possible genetic detection object in the blood. we found there
are 21 genes may have certain signi�cance and also discussed these gene expressions between different
cells in the blood. this study �rst reported RPS4Y1, EIF1AY, correlation between XIST.

Many of these genes are associated with in�ammation and immunity. BTNL8 which have the best score
may stimulate primary immune response, acts on T-cell stimulated sub-optimally through the TCR/CD3
complex stimulating their proliferation and cytokine production[14]. G0S2, G0/G1 switch protein 2,
promotes apoptosis by binding to BCL2, resulting in preventing the formation of protective Bcl2-Bax
heterodimers[15]. GPR15L is chemotactic factor that mediates lymphocytes recruitment to epithelia
through binding and activation of the G-protein coupled receptor GPR15 seems to be epithelia related[16].
BLNK, B-cell linker protein, functions as a central linker protein, downstream of the B-cell receptor (BCR),
bridging the SYK kinase to a multitude of signaling pathways and regulating biological outcomes of B-
cell function and development[17]. What is more, BLNK plays a role in the activation of ERK/EPHB2, MAP
kinase p38 and JNK. Modulates AP1, BCR-mediated PLCG1, Ca2 + mobilization, PLCG2, NF-kappa-B and
NFAT. It plays a critical role in orchestrating the pro-B cell to pre-B cell transition[18]. May play an
important role in BCR-induced B-cell apoptosis. These differentially expressed genes between patients
and normal controls can explain, to some extent, the genetic susceptibility of patients and the body's
response to AS.

XIST is a key initiator of X chromosome inactivation in Eutherian mammal, which may also part in the
in�ammatory response[19]. EIF1AY, Eukaryotic translation initiation factor 1A,seems to be required for
maximal rate of protein biosynthesis. enhances ribosome dissociation into subunits and stabilizes the
binding of the initiator Met-tRNA(I) to 40 S ribosomal subunits. ribosomal subunits[20]. RPS4Y1, the
ribosomal protein S4 40S ribosomal protein S4, Y isoform 1, is was extensively involved in RNA
binding multicellular organism development nuclear-transcribed mRNA catabolic process, nonsense-
mediated decay SRP-dependent cotranslational, protein targeting to membrane translation
translational initiation and viral transcription. These genes are involved in the more basic biological

functions of replication, revelation, transcription, and they are identi�ed by the DEG algorithm[21]. The
basic blood metabolism of AS patients has certain differences, and this may be correlated with risk factor
clonal hematopoiesis.

Conclusion
These mRNA molecules are still lack of clinical cohort veri�cation, and their use as a marker of screening
is still to be debated. However, the differences between normal population and AS patients to some extent
can explain their correlation with AS, indicating that repeated activation of in�ammation is involved in the
formation and development of AS. The speci�c roles of XIST, RPS4Y1 and EIF1AY in transcription and
translation and how they are related need to be veri�ed by molecular biology, which will be of great help
for us to further understand the central principle. In general, we have only scratched the surface, which
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provides some targets for subsequent cohort studies, and the associations we have found may also be
useful for more basic studies of biological function.
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Figures

Figure 1

LogFC of Genes were identi�ed in three datasets
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Figure 2

Gene expression in three datasets. Unclustered heat map of gene expression in GSE27034(A) Unclustered
heat map of gene expression expression in GSE90074(B) Unclustered heat map of gene expression
expression in GSE12288(C)

Figure 3

Gene expression in GSE90074 and scatter diagrams Clustered heat map of gene expression in
GSE90074(A) Scatter diagram of XIST and EIF1AY (B) Scatter diagram of XIST and RPS4Y1 (C)
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Figure 4

Gene expression in GSE12288 and scatter diagrams Clustered heat map of gene expression in
GSE12288(A) Scatter diagram of XIST and RPS4Y1 (B)Scatter diagram of XIST and EIF1AY (C)
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Figure 5

Gene expression in GSE27034 and scatter diagrams Clustered heat map of gene expression in
GSE27037(A) Scatter diagram of XIST and EIF1AY (B) Scatter diagram of XIST and RPS4Y1 (C)

Figure 6

Gene expression in GSE9820 Unclustered heat map of gene expression in GSE90082(A) Clustered heat
map of gene expression in GSE90082(B)
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