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Infiltrates in Stanford Type A Aortic Dissection

ABSTRACT

Background: Type A aortic dissection is a fatal disease. However, the role of endoplasmic 
reticulum stress-related genes (ERSRGs) in type A aortic dissection has not yet been fully 
clarified.

Methods: Differentially expressed genes in the aorta of type A aortic dissection patients 
were analyzed based on the GSE52093 database. The ERSRGs were downloaded from 
the GeneCards website. Functional enrichment analysis and protein–protein interaction 
analysis were performed on the acquired differentially expressed ERSRGs. The mRNA 
expression of the 5 top key differentially expressed ERSRGs was further explored in 
GSE153434 and clinical samples. Immune infiltration correlation analysis was performed 
on the validated key genes. Finally, we constructed regulatory networks of transcription 
factors, miRNAs, and chemicals.

Results: Twelve differentially expressed ERSRGs were identified, of which 8 genes were 
downregulated and 4 genes were upregulated. GeneMANIA was adopted to analyze 
these genes and their interacting proteins, and the results showed that the main func-
tion was calcium ion transport. Four key genes, ACTC1, CASQ2, SPP1, and REEP1, were 
validated in GSE153434 and clinical samples. The area under the ROC curve values for 
ACTC1, CASQ2, SPP1, and REEP1 were 0.92, 0.96, 0.89, and 1.00, respectively. ACTC1 and 
REEP1 correlated with multiple immune cells. Many transcription factors, microRNAs, and 
chemicals were identified with the potential to regulate these 4 key genes.

Conclusion: In this study, we identified 12 differentially expressed ERSRGs by analyzing 
the Gene Expression Omnibus database. Four key genes may influence the development 
of type A aortic dissection by regulating endoplasmic reticulum stress. These results 
expand our understanding of type A aortic dissection, and the 4 key genes are expected 
to be diagnostic markers and potential therapeutic targets.
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INTRODUCTION

Aortic dissection (AD) is a fatal disease caused by the rupture of the aortic intima, 
which allows high-speed blood from the aortic lumen to enter the aortic wall 
through the rupture of the intima, resulting in tearing of the middle layer of the 
aortic wall.1 The annual incidence rate of AD is 3.5-6 cases/100 000 people, but 
the mortality rate of AD is very high, often leading to sudden death.2 According 
to the Stanford classification method, AD can be divided into type A aortic dis-
section (TAAD) and type B aortic dissection (TBAD).3 Currently, the main treat-
ment for TAAD is emergency surgery with artificial vessel replacement, whereas 
the main treatment for TBAD is interventional thoracic endovascular aortic repair 
(TEVAR).4 Mortality is higher in the cases of TAAD, especially in areas with poorer 
health care.5,6 Therefore, there is a need for new drug development, which requires 
a deeper understanding of the molecular mechanisms underlying the pathogen-
esis of TAAD.

The endoplasmic reticulum (ER) controls the quality of the proteins it produces 
and oversees maintaining protein homeostasis, which is critical for cell sur-
vival. Protein imbalances can lead to a variety of diseases, including metabolic, 
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oncological, neurodegenerative, and cardiovascular dis-
eases.7,8 Under special circumstances, the normal oxidative 
environment within the intracellular ER is altered by specific 
strikes such as hypoxia and drug toxicity, calcium metabo-
lism is disturbed, ER function is dysfunctional, and misfolded 
or unfolded proteins accumulate within the ER, known as 
endoplasmic reticulum stress (ERS).9,10 Previous studies have 
shown that ERS plays a certain role in tumors, vascular calci-
fication disease, liver steatosis, diabetes, and ischemic heart 
failure. However, the role of endoplasmic reticulum stress-
related genes (ERSRGs) in TAAD disease has not yet been 
fully clarified.11-16

In this study, we analyzed differentially expressed ERSRGs 
in TAAD based on the GEO database. Four key ERSRGs were 
identified and validated by quantitative reverse transcrip-
tion PCR (qRT-PCR). The results of this study expand our 
understanding of TAAD and provide new potential diagnos-
tic markers and potential therapeutic targets.

METHODS

Artificial Intelligence Statement
We confirmed that we did not use artificial intelligence or 
any assisted technologies such as large language models in 
this paper.

Data Source
The Gene Expression Omnibus (GEO) database (https ://www.
ncb i.nlm .nih. gov/g eo/) is a public functional genomics data-
base. We utilized the keywords “aortic dissection” to search 
in the GEO database. The inclusion criteria for datasets were 
as follows: (1) The datasets must include TAAD and normal 
control aortic specimens and (2) the number of aortic dis-
section samples and normal control samples in the dataset 
must be greater than 5 cases. In the end, 2 aortic coarctation 
mRNA expression profiles, GSE52093 and GSE153434, were 
included in this study. The GSE52093 dataset (GPL10558 
platform) contained 7 aortic specimens of TAAD and 5 nor-
mal control aortic specimens,17 and GSE153434 (GPL20795 
platform) contained 10 aortic specimens of TAAD and 10 
normal control aortic specimens.18

Analysis of Differentially Expressed Genes
We downloaded the dataset from the GEO database 
through the R software GEO query package using the limma 
package to standardize the data. The results of the analysis 
of differentially expressed genes (DEGs) were visualized by 
volcano plots using the ggplot2 R package,19 with the setting 

of |log fold change (FC)| >1 and an adjusted P value <.05. The 
significantly expressed genes were then visualized by heat-
map using the ComplexHeatmap package.20

Identification of Differentially Expressed Endoplasmic 
Reticulum Stress-Related Genes
Following the methods reported in the previous literature,21 
we downloaded the ERSRGs from the GeneCards website, 
obtaining 1350 genes. These genes were intersected with 
differential genes obtained by GSE52093 to obtain differ-
entially expressed ERSRGs in TAAD. Then, we plotted Venn 
plots.

Functional Enrichment Analysis and Protein–Protein 
Interaction
To explore the functions and metabolic pathways of dif-
ferentially expressed ERSRGs, we conducted functional 
enrichment analysis using Metascape (version3.5) (https ://
metascape.or g/gp/ index .html #/main/step1). We input dif-
ferentially expressed ERSRGs into the GeneMANIA data-
base (http: //genemani a.org /), which automatically performs 
protein–protein interaction (PPI) analysis.22

Immune Infiltration Analysis
Based on the GSE153434 dataset, immune infiltration in aor-
tic wall tissue of TAAD patients was calculated by applying 
the R software CIBERSORT [v1.03] R package. Twenty-two 
markers of immune cells were provided by the CIBERSORTx 
website(https ://ci berso rtx.s tanfo rd.ed u/).23

Construction of the Regulatory Network
Transcription factors (TFs) and microRNAs (miRNAs) have 
inhibitory and regulatory effects on target genes. Based on 
the NetworkAnalyst online database (http s://w ww.network 
analy st.ca /Netw orkAn alyst /), we constructed gene–
miRNA and gene–TF regulatory networks for differen-
tially expressed ERSRGs.24 Simultaneously, we searched this 
database and set the search source as the Comparative 
Toxicogenomics Database (CTD) to construct the gene–
chemical network.

Clinical Specimen Collection and Quantitative Reverse 
Transcription Polymerase Chain Reaction Validation
The inclusion criteria for TAAD cases were as follows: clearly 
diagnosed TAAD by aortic CTA angiography and underwent 
aortic vascular replacement surgery, aged over 18 years old. 
The exclusion criteria were as follows: Combined connective 
tissue disease, severe infection, or malignant tumor. Inclusion 
criteria for coronary artery bypass grafting cases: those who 
underwent coronary artery bypass grafting surgery due to 
coronary heart disease. Exclusion criteria: combined connec-
tive tissue disease, severe infection, or malignant tumor. This 
study included a total of 24 clinical specimens of the ascend-
ing aorta to further validate the differentially expressed 
ERSRGs: 12 TAAD patients who underwent aortic vascu-
lar replacement (AD group) and 12 coronary artery bypass 
grafting patients (aortic wall tissue at the site of ascending 
aortic perforation for graft vessel) as a non-AD control group 
(NAD group). The study was performed in accordance with 
the Declaration of Helsinki. All study protocols and experi-
ments were approved by the Ethics Committee of The First 

HIGHLIGHTS
• The role of endoplasmic reticulum stress-associated 

genes (ERSRGs) in TAAD has not yet been fully clarified.
• Twelve differentially expressed ERSRGs in TAAD were 

identified by analyzing the GEO database.
• Four key genes (ACTC1, CASQ2, SPP1, and REEP1) were 

validated in GSE153434 and clinical samples, which are 
expected to be diagnostic markers and potential thera-
peutic targets of TAAD.
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Affiliated Hospital of Wannan Medical College, and prior 
informed consent was signed by the participants.

Total RNA was extracted from aortic wall tissue using 
TRIzol reagent (Invitrogen Company), and mRNA reverse 
transcription was performed using Vazyme’s HiScript II Q 
RTsuperpMix for qPCR (+gDNA wiper) kit (R223-01). qRT-PCR 
was performed using the AceQ qPCR SYBR Green Master 
Mix kit (Q111-02103), with the primer sequences shown in 
Table 1. Relative quantification was calculated using the 
2–ΔΔCT method.

Statistical Analysis
Continuous variables are presented as the mean and stan-
dard deviation. The statistical analysis of bioinformatics 
data in this study was conducted using R software (https://
ww w.r-p rojec t.org /, version 4.2.1).25 Statistical analysis was 
conducted on differences in gene expression levels using 
Prism 9 software and Student’s t-test. The diagnostic signif-
icance of differentially expressed ERSRGs in TAAD patients 
was evaluated using receiver operating characteristic curves 
(ROC) and the area under the ROC curve (AUC). All tests 
were considered statistically significant with P < .05.

RESULTS

Analysis of Differentially Expressed Genes
The analysis was based on the GSE52093 dataset. The nor-
malized sample date is shown in Figure 1A, while the PCA 
plot is shown in Figure 1B. After the analysis of DEGs (|log fold 
change (FC)|>1, adjusted P value <.05), we plotted volcano 
maps (Figure 1C) and heatmaps (Figure 1D), and obtained a 
total of 160 DEGs, including 94 upregulated genes and 66 
downregulated genes (Supplementary File S1).

Identification of Differentially Expressed Endoplasmic 
Reticulum Stress-Related Genes
Twelve differentially expressed ERSRGs were obtained by 
taking the intersection of GSE52093 with the ERSRGs down-
loaded from the GeneCards website: ACTC1, CASQ2, REEP1, 

Table 1. Primer Sequences for Quantitative Reverse 
Transcription Polymerase Chain Reaction

Primers Sequence, 5′–3

β-Actin F:AGC GAGCA TCCCC CAAAG TT;
R:GGGCACGAAGGCTCATCATT

ACTC1 F: TCCCATCGAGCATGGTATCAT;
R: GGTACGGCCAGAAGCATACA

CASQ2 F: GGCAGAAGAGGGGCTTAATTT;

R: GAAGACACCGGCTCATGGTAG

SPP1 F: CTCCATTGACTCGAACGACTC;

R: CAGGT CTGCG AAACT TCTTA GAT

REEP1 F: GGACAGGGTGCCTTATCGG

R: ACTCCTGGACATCTTAGGCTG

Figure  1. Differentially expressed gene (DEG) analysis based on GSE52093. A. Box plot of normalized samples. B. Principal 
component analysis. C. The volcano plot for the DEGs. Upregulated genes were represented by red points, whereas downregulated 
genes were represented by blue points. Genes with no significant difference (NS) were indicated by black dots. (D) The DEG 
heatmap.

https://www.r-project.org/,
https://www.r-project.org/,
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AKAP6, RYR2, JAK2, CAMK2G, WFS1, SERPINH1, CHEK1, 
CDKN3, SPP1, and CDKN3 (Figure 2, Table 2).

Functional Enrichment Analysis
Based on the Metascape database, we conducted a func-
tional enrichment analysis of the 12 ERSRGs obtained. The 5 
most significantly enriched GO terms and KEGG pathways 
were identified: (1) cellular response to caffeine; (2) negative 
regulation of molecular function; (3) Signaling by receptor 
tyrosine kinases; (4) supramolecular fiber organization; and 
(5) regulation of growth (Figure 3).

PPI Analysis
GeneMANIA was used to analyze 12 differentially expressed 
ERSRGs and their interacting proteins, and the results 

are shown in Figure 4, whose main function is calcium ion 
transport.

Validation in GSE153434
To evaluate the veracity of the differentially expressed 
ERSRGs in TAAD, we used GSE153434 to validate the expres-
sion levels of the top 5 (|log FC|) differentially expressed 
ERSRGs: ACTC1, CASQ2, CDKN3, SPP1, and REEP1. The 
expression levels of ACTC1, CASQ2, and REEP1 were signifi-
cantly decreased in the AD group compared with the NAD 
group. In addition, the expression level of SPP1 was signifi-
cantly increased in the AD group. However, the expression 
level of CDKN3 showed no significant difference between 
the 2 groups (Figure 5A). Area under the curve values for 
ACTC1, CASQ2, SPP1, and REEP1 were 0.92, 0.96, 0.89, and 
1.00, respectively (Figure 5B).

Figure  2. Venn diagram of the differentially expressed 
endoplasmic reticulum stress-related genes.

Table 2. The 12 Endoplasmic Reticulum Stress-Related Genes 
in Type A Aortic Dissection

Gene Log FC P Adj. P Changes

ACTC1 −5.1444348 1.3893E−05 .02576853 Down

CASQ2 −4.0428139 .00018377 .04632685 Down

REEP1 −3.6678588 4.4556E−06 .02508415 Down

AKAP6 −3.1371289 4.9201E−06 .02508415 Down

RYR2 −2.4615297 2.0377E−06 .01637688 Down

JAK2 −1.7785296 1.1183E−05 .02576853 Down

CAMK2G −1.7393782 .00010704 .03935819 Down

WFS1 −1.3206888 .00014406 .04165051 Down

SERPINH1 2.05872208 5.0329E−05 .03139493 Up

CHEK1 2.99801227 2.1524E−05 .02576853 Up

SPP1 3.79791129 2.7459E−05 .02739081 Up

CDKN3 3.86285789 3.0561E−05 .02861835 Up

Figure 3. Functional enrichment analysis of 12 differentially expressed ERSRGs in TAAD. (A) Bar graph of enriched terms, colored 
by P value. (B) Network of enriched terms colored by cluster ID, where nodes that share the same cluster ID are typically close to 
each other. (C) Network of enriched terms colored by P value. ERSRGs, endoplasmic reticulum stress-related genes; TAAD, type 
A aortic dissection.
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Validation in Clinical Samples
We examined the expression of ACTC1, CASQ2, SPP1, and 
REEP1 using qRT-PCR in the AD (n = 12) and NAD (n = 12) 
groups of clinical samples, and the results again demon-
strated that ACTC1, CASQ2, and REEP1 were expressed 
at low levels in TAAD, while SPP1 was highly expressed 
in TAAD, and the difference was statistically significant 
(Figure 6).

Immune Infiltrate Analysis
To assess the correlation between the 4 validated ERSRGs 
and immune infiltrating cells, we analyzed the distribu-
tion ratio of 22 types of immune cells within the TAAD aor-
tic wall tissue based on the GSE153434 dataset (Figure 7A). 
Correlation analysis among various immune cells was also 
performed (Figure 7B), which showed that T cells CD8 were 
positively correlated with Treg cells and dendritic cells rest-
ing. Treg cells were positively correlated with dendritic cells 
resting. While NK cells activated were negatively correlated 
with macrophages M2 (P < .05). The expression of ACTC1 
was negatively correlated with T cells CD8 and NK cells 
activated, and negatively correlated with NK cells resting 
(Figure 7C). The expression of REEP1 was negatively corre-
lated with NK cells resting (Figure 7F). However, the expres-
sion of CASQ2 and SPP1 had no significant correlation with 
immune cell infiltration (Figure 7D,E).

Construction of Regulatory Networks
Then, we built the gene–miRNA (Figure 8A) and gene–TF 
regulatory networks (Figure 8B) of ACTC1, CASQ2, SPP1, and 
REEP1. The results revealed that a number of miRNAs and 
TFs were involved in the regulation of these 4 genes. We also 
built gene–chemical regulatory networks (Figure 8C), and 
the results suggested that multiple chemicals could regulate 
these 4 genes. These chemicals have the potential for the 
treatment of TAAD.

DISCUSSION

Type A aortic dissection is a serious life-threatening dis-
ease that requires prompt diagnosis and emergency surgical 
treatment. However, the molecular mechanisms underlying 
its pathogenesis are still not fully elucidated. In this study, we 
included and analyzed 2 GSE datasets and identified 12 dif-
ferentially expressed ERSRGs, and ACTC1, CASQ2, SPP1, and 

Figure 4. Protein–protein interaction analysis.

Figure 5. Validation of the top 5 differentially expressed ERSRGs in GSE153434. (A) The gene expression levels of ACTC1, CASQ2, 
CDKN3, SPP1, and REEP1. (B) ROC curves of ACTC1, CASQ2, SPP1, and REEP1. **P < .01, and ***P < .001. ERSRGs, endoplasmic 
reticulum stress-related genes.
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Figure  6. Validation of ACTC1, CASQ2, SPP1, and REEP1 expression levels using quantitative reverse transcription polymerase 
chain reaction in clinical samples. *P < .05, **P < .01.

Figure 7. Immune cell infiltration analysis based on GSE153434. (A) The proportions of 22 different kinds of infiltrating immune 
cells in TAAD samples. (B) Correlation analysis of the 22 different immune cell types. (C–F) Correlation analysis of ACTC1, CASQ2, 
SPP1, and REEP1 with 22 types of immune cells. Pearson method, *P < .05. TAAD, type A aortic dissection.
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REEP1 were validated in clinical specimens. To further under-
stand the possible role of these 4 differentially expressed 
ERSRGs, we analyzed their correlation with immune cell 
infiltration. Our study suggests that the 4 differentially 
expressed ERSRGs can serve as biomarkers for TAAD diag-
nosis and potential therapeutic targets.

Endoplasmic reticulum stress is closely associated with 
tumors, myocardial injury, and other diseases. Previous stud-
ies have demonstrated that ATF3 attenuates myocardial 
injury by regulating SPHK1 through the ERS pathway.26 In 
colon cancer, oridonin increases cancer cell death via TP53-
promoted ERS.27 In this study, 4 differentially expressed 
ERSRGs, ACTC1, CASQ2, SPP1, and REEP1, were identi-
fied and validated. In cardiomyocytes and skeletal mus-
cle, calsequestrin 2 (CASQ2) was found in the intracellular 
endoplasmic reticulum or sarcoplasmic reticulum and binds 
to calcium.28 Catecholaminergic polymorphic ventricular 
tachycardia can be caused by homozygous point mutations 
in CASQ2.29 CASQ2 controls the intracellular calcium concen-
tration, which in turn modulates muscular contraction and 
activates cardiomyocytes. Additionally, ryanodine receptor 
2 (RYR2) allows CASQ2, the main calcium reservoir protein 

in the heart, to release calcium into the cytosol in response 
to changes in calcium concentration.30 RYR2 activity in myo-
cytes is linked to electrical and contractile failure in the 
arrhythmogenic heart of an elderly person via mitochondrial 
function, calcium homeostasis, and excitation–contraction 
coupling.31 In the present study, we found lower expression of 
CASQ2 in TAAD patients and further validated this finding 
in clinical specimens. Our results suggest that alterations in 
calcium channels may influence the development of TAAD.

SPP1, also known as osteopontin, has previously been linked 
to degenerative aneurysmal illness, including abdominal 
aortic aneurysms,32 and has been demonstrated to play a 
role in a variety of blood vessel diseases.33 SPP1, for example, 
is produced during inflammation and binds to transmem-
brane ligands to influence tissue remodeling pathways.34 
Furthermore, SPP1 participates in cellular migration, prolif-
eration, apoptosis, and macrophage chemotaxis.35 Previous 
research has linked SPP1 to abdominal and thoracic aneu-
rysmal illness by upregulating matrix proteinases via NF-B, 
increasing tissue degradation.36,37 A previous study showed 
that individuals with abdominal aortic aneurysm and AD had 
higher levels of SPP1 expression in the plasma and aortic wall 

Figure 8. Construction of the regulatory networks of ACTC1, CASQ2, SPP1, and REEP1. (A) The gene–miRNA regulatory network. 
(B) The regulatory networks of gene–TF. (C) The gene–chemical regulatory networks.
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than healthy controls. In AD patients, serum SPP1 levels cor-
relate positively with MMP-2 levels. Thus, SPP1 is thought to 
be important in the development of aortic aneurysm and dis-
section.38 Our findings suggest that REEP is highly expressed 
in TAAD, which is consistent with previous findings.

Expression-enhancing protein 1 (REEP1) is one of the proteins 
that make up mitoc hondr ia-as socia ted endoplasmic retic-
ulum membranes (MAM). Abnormalities in MAM proteins 
often lead to the incidence and progression of associated 
disorders such as diabetic kidney disease, neurodegenera-
tive diseases, and type 2 diabetes mellitus.39 The correlation 
between REEP1 and TAAD has not been previously reported, 
and we believe that the downregulation of REEP1 may be 
related to the development of TAAD, which needs to be fur-
ther investigated in future experiments.

Vascular inflammation is a major contributor to the devel-
opment of AD. Many studies have shown that a cascade of 
cytokines and inflammatory cells plays a role in disease pro-
gression. For example, the cytokine IL33 is an efficient AD 
diagnostic marker.40 In addition to cytokines, inflammatory 
cells pass across the compromised endothelial tight connec-
tions, causing vascular inflammation and, eventually, AD.41 
Endoplasmic reticulum stress is associated with a variety 
of pathological conditions associated with chronic inflam-
mation, which can trigger inflammatory pathways and 
proinflammatory stimuli such as Toll-like receptor ligands, 
reactive oxygen species, and cytokines. These proinflam-
matory signals can initiate ERS and lead to activation of 
the unfolded protein response, which further amplifies the 
inflammatory response.42 Immun oinfl ammat ion-r elate d 
mechanisms play an important role in AD disease, for exam-
ple, in animal models, neutrophil-secreted MMP9 can induce 
AD.43 Previous studies have shown that aortic arterial wall 
remodeling depends on complex interactions between cells, 
proinflammatory mediators, and MMPs, which are regulated 
by immune responses.44,45 Treg cells will be significantly inhib-
ited in immune cell activation response after blockade by 
CD25 monoclonal antibody, and IL-10 immunoreactivity will 
be abnormal, which in turn promotes aortic aneurysm devel-
opment AD.46 Previous studies have suggested that SPP1 is 
associated with macrophage recruitment in AD disease.47 In 
our study, we found a correlation between ACTC1 and REEP1 
and immune cell infiltration, however, CASQ2 and SPP1 did 
not show a significant correlation with immune cells, which 
may be due to the small sample size of the enrolled GEO 
dataset.

However, this study still has some limitations. First, clini-
cal validation with large samples was lacking, and second, 
animal models were not constructed to study the specific 
molecular mechanisms of these genes. These limitations will 
be solved in our future research work.

CONCLUSION

In this study, we identified 12 differentially expressed ERSRGs 
by analyzing the GEO database. Four key differentially 
expressed ERSRGs may influence the development of TAAD 
by regulating ERS. These results expanded our understanding 

of TAAD, and the 4 genes are expected to be diagnostic 
markers and potential therapeutic targets.
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A B C D E F G H
id logFC AveExpr t P.Value adj.P.Val B gene
ILMN_1760798 -2,4615297 6,19563705 -8,5457042 2,03771E-06 0,01637688 5,00240335 RYR2
ILMN_1733746 -3,6678588 7,44938102 -7,9165954 4,45565E-06 0,02508415 4,35572849 REEP1
ILMN_1683178 -1,7785296 7,54176565 -7,2192142 1,11831E-05 0,02576853 3,57325451 JAK2
ILMN_1658660 -5,1444348 8,30373674 -7,0609975 1,38935E-05 0,02576853 3,38556748 ACTC1
ILMN_1664630 2,99801227 4,61196009 6,74867397 2,15241E-05 0,02576853 3,00358631 CHEK1
ILMN_1651354 3,79791129 9,04558845 6,57872372 2,74595E-05 0,02739081 2,78920511 SPP1
ILMN_1666305 3,86285789 5,68129689 6,50487439 3,05612E-05 0,02861835 2,69459382 CDKN3
ILMN_1751028 2,05872208 9,25308534 6,16710813 5,0329E-05 0,03139493 2,2504848 SERPINH1
ILMN_1809695 -1,7393782 9,05249039 -5,6752249 0,000107036 0,03935819 1,56985111 CAMK2G
ILMN_1759023 -1,3206888 9,59524765 -5,4874055 0,00014406 0,04165051 1,29928529 WFS1
ILMN_1722329 -4,0428139 6,93625584 -5,3357639 0,000183774 0,04632685 1,07654924 CASQ2
ILMN_1770758 -3,1371289 4,01725748 -7,8393135 4,92007E-06 0,02508415 4,27251278 AKAP6
ILMN_3248541 3,67110687 3,58313356 14,3549927 7,23826E-09 0,00033213 9,02013753 LOC100132429
ILMN_1687978 2,76325256 8,35170973 9,51219287 6,63508E-07 0,01522253 5,89662226 PHLDA1
ILMN_1809590 4,35098376 5,51874302 9,02124703 1,1598E-06 0,01637688 5,45668044 GINS2
ILMN_1792455 3,47414514 8,07941283 8,73475091 1,62421E-06 0,01637688 5,18643047 TMEM158
ILMN_1747744 1,37263577 8,71840828 7,48641584 7,80633E-06 0,02576853 3,88155811 LHFPL2
ILMN_1723134 -2,8421983 3,82717223 -7,4660453 8,02076E-06 0,02576853 3,8584321 LOC650695
ILMN_1791726 5,13319432 6,70652317 7,4030037 8,72518E-06 0,02576853 3,78647039 TUBB3
ILMN_1717173 2,35873639 5,99305189 7,32884813 9,63934E-06 0,02576853 3,70105792 ECT2
ILMN_1706643 2,11244695 11,9680205 7,24045993 1,08645E-05 0,02576853 3,59816441 COL6A3
ILMN_1743939 -1,6548923 7,22174145 -7,2094563 1,13327E-05 0,02576853 3,56179065 C5ORF24
ILMN_1810054 -3,4951422 9,66699232 -7,1965594 1,15338E-05 0,02576853 3,54661647 CNN1
ILMN_1663390 4,1570673 6,77274127 7,17771071 1,18346E-05 0,02576853 3,52439371 CDC20
ILMN_1708743 2,53403997 7,7383859 7,11376735 1,29189E-05 0,02576853 3,44859632 NT5DC2
ILMN_1691790 -3,3142387 2,72992803 -7,1040352 1,3093E-05 0,02576853 3,4370046 DACT2
ILMN_1711566 1,18982727 13,7630262 7,09536697 1,32501E-05 0,02576853 3,42666777 TIMP1
ILMN_1758852 3,61637755 2,88389907 7,01958451 1,47132E-05 0,02576853 3,33580023 ENTPD7
ILMN_1747911 2,89060725 5,54023976 6,94317335 1,63641E-05 0,02576853 3,24327093 CDC2
ILMN_1691410 -2,2251432 9,15804562 -6,9149198 1,70236E-05 0,02576853 3,20882544 BAMBI
ILMN_1670238 4,33821096 5,08100305 6,87602244 1,79782E-05 0,02576853 3,16119744 CDC45L
ILMN_1811997 -1,4792279 9,94022597 -6,8697467 1,81375E-05 0,02576853 3,15349064 ZNF364
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ILMN_1726352 -1,9345496 4,81862682 -6,8560297 1,8491E-05 0,02576853 3,13662421 THSD4
ILMN_1741165 4,63056961 5,28932665 6,81904807 1,94809E-05 0,02576853 3,09100272 SLC11A1
ILMN_2049021 3,11439351 6,82569756 6,81561865 1,95755E-05 0,02576853 3,08676109 PTTG3P
ILMN_3294365 2,78451177 4,09415041 6,77322088 2,07866E-05 0,02576853 3,0341674 LOC646993
ILMN_1741801 1,91719772 5,63922358 6,75616718 2,12961E-05 0,02576853 3,01293172 CDC7
ILMN_1783120 -2,3617011 10,4106065 -6,7506996 2,14622E-05 0,02576853 3,0061135 SLMAP
ILMN_1665792 2,35334239 7,18064476 6,73643917 2,1902E-05 0,02576853 2,98830795 ITGA2
ILMN_2136971 -3,04402 3,81932673 -6,6747994 2,39164E-05 0,02598744 2,91096959 FABP3
ILMN_1784948 4,30166224 5,91067784 6,67428856 2,39339E-05 0,02598744 2,91032605 SPOCD1
ILMN_1800911 -3,4752269 3,9019519 -6,6669212 2,41878E-05 0,02598744 2,90104085 FLJ10324
ILMN_1697338 -3,4416194 4,29301564 -6,6621565 2,43535E-05 0,02598744 2,89503128 SRPK3
ILMN_1799028 1,45087395 7,65400636 6,62620533 2,56434E-05 0,02637496 2,84956864 TSPAN5
ILMN_1657547 1,91397508 8,56573 6,62018874 2,58663E-05 0,02637496 2,8419399 CCDC34
ILMN_1699071 -2,0836157 8,72588901 -6,5554632 2,83986E-05 0,0277249 2,75950075 C21ORF7
ILMN_1677719 1,97021909 6,81822808 6,53875206 2,90944E-05 0,02781243 2,73810585 CHST1
ILMN_2412281 -1,7620139 7,58556079 -6,4653833 3,23709E-05 0,02970674 2,64363602 PDLIM5
ILMN_2367883 -2,6545286 9,59757488 -6,4271407 3,42322E-05 0,03020351 2,59404652 GEM
ILMN_2212909 4,01350045 5,47365088 6,42231901 3,44749E-05 0,03020351 2,58777721 MELK
ILMN_1786065 2,73360743 7,64297585 6,41421314 3,48869E-05 0,03020351 2,57722912 UHRF1
ILMN_1761322 -1,811963 7,31072294 -6,3954873 3,58589E-05 0,03023486 2,55282027 FHOD3
ILMN_1653856 2,6712773 5,64170313 6,37520953 3,69441E-05 0,03027104 2,52632354 STS-1
ILMN_2075603 -1,9570636 7,9818311 -6,3570321 3,79465E-05 0,0305469 2,50251397 MRGPRF
ILMN_1869943 -1,6998345 4,29699189 -6,314243 4,04219E-05 0,03139493 2,44625244 HS.445239
ILMN_1664516 3,20139449 5,24990302 6,30276043 4,1115E-05 0,03139493 2,43110316 CENPF
ILMN_1682015 2,98798905 4,68515835 6,29941653 4,13192E-05 0,03139493 2,42668738 GAL
ILMN_2042771 2,76889721 7,95529123 6,21398705 4,69188E-05 0,03139493 2,31324751 PTTG1
ILMN_2050911 2,622241 5,34427592 6,21218727 4,70451E-05 0,03139493 2,31084464 SLC22A4
ILMN_2051373 3,02763669 4,38947209 6,19535521 4,82438E-05 0,03139493 2,28834634 NEK2
ILMN_1725791 -1,9686818 9,00354111 -6,1904053 4,86025E-05 0,03139493 2,28172122 PTPLA
ILMN_1724941 3,10171677 4,71519934 6,16829973 5,02392E-05 0,03139493 2,25208466 CDCP1
ILMN_1712532 1,83554963 6,35213414 6,16127372 5,07715E-05 0,03139493 2,24264804 CARD9
ILMN_3247728 -1,7444317 8,35691515 -6,1585491 5,09796E-05 0,03139493 2,23898644 RNF115
ILMN_1783276 -2,5788459 10,2944696 -6,1511878 5,15462E-05 0,03139493 2,2290873 NEXN
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ILMN_1655191 -1,2374161 6,69832958 -6,1365657 5,26917E-05 0,03139947 2,20939761 CASZ1
ILMN_1672662 1,54629645 9,58261376 6,08848555 5,66525E-05 0,03332694 2,1444038 SLC20A1
ILMN_1717393 2,15869765 4,21330406 6,06315216 5,88654E-05 0,03412881 2,11000384 PTCHD1
ILMN_1709026 -1,5348391 6,96916297 -6,0143823 6,33877E-05 0,03412881 2,0434786 C6ORF145
ILMN_1796589 3,00074329 6,1474078 6,00933263 6,38765E-05 0,03412881 2,03656791 TRIP13
ILMN_3244019 -2,0000166 9,90400525 -5,9912084 6,56643E-05 0,03412881 2,01172895 LOC647886
ILMN_1793360 1,3971315 6,30115709 5,971879 6,76295E-05 0,03412881 1,98517784 APITD1
ILMN_1725534 -1,839644 10,6926597 -5,9658939 6,82505E-05 0,03412881 1,97694394 ACTN4
ILMN_1658289 1,38471016 8,39163172 5,95780382 6,90996E-05 0,03412881 1,96580475 WDR54
ILMN_1711470 2,56945632 6,43595763 5,94126965 7,087E-05 0,03423022 1,94300482 UBE2T
ILMN_2392274 1,7923068 7,54721682 5,93149616 7,19391E-05 0,03432084 1,9295061 CD82
ILMN_1695658 5,30820897 5,26588183 5,92594716 7,25536E-05 0,03432084 1,92183496 KIF20A
ILMN_2362549 4,62033121 4,20887021 5,91520494 7,37591E-05 0,03453508 1,90696988 ZWINT
ILMN_1743836 -1,1998589 10,1608574 -5,9004161 7,54537E-05 0,03462191 1,88647349 MXRA7
ILMN_1663575 2,40702133 8,7126013 5,88332102 7,74639E-05 0,03490025 1,8627353 MGC87042
ILMN_1677200 -2,2269251 9,33385153 -5,8823359 7,75815E-05 0,03490025 1,86136593 CYFIP2
ILMN_1671478 -2,6632185 6,70213225 -5,87336 7,86613E-05 0,03504248 1,84888087 CKB
ILMN_1801939 4,73012912 5,22257181 5,86529464 7,96453E-05 0,03510284 1,83765091 CCNB2
ILMN_2071446 4,22232857 6,86970229 5,84578856 8,20791E-05 0,03510284 1,8104462 PI15
ILMN_2041725 -3,3790076 5,48577205 -5,8432796 8,23978E-05 0,03510284 1,80694241 MYOZ2
ILMN_1683450 3,45322602 6,32725227 5,84186769 8,25778E-05 0,03510284 1,80497016 CDCA5
ILMN_1737205 2,37013726 7,21639205 5,82686141 8,45161E-05 0,03557817 1,78398803 MCM4
ILMN_2311537 2,54256683 7,31882998 5,81264402 8,6397E-05 0,03603932 1,76407417 HMGA1
ILMN_1684211 3,94446674 3,60012749 5,79895977 8,82492E-05 0,03639992 1,7448751 SEC14L2
ILMN_3239254 -2,4129725 4,77374898 -5,7942554 8,88957E-05 0,03639992 1,73826766 UCA1
ILMN_1697189 -4,3116805 5,35552788 -5,7658143 9,2912E-05 0,03655563 1,69824186 PNCK
ILMN_1806040 2,7227556 7,95311123 5,76557615 9,29465E-05 0,03655563 1,69790618 TYMS
ILMN_2082585 1,82810276 9,062173 5,7637462 9,32115E-05 0,03655563 1,69532616 SNAI2
ILMN_1808071 2,19366761 5,26457225 5,71387219 0,000100751 0,03884833 1,62479325 KIF14
ILMN_1684217 4,86158448 4,16665416 5,69967353 0,000103013 0,0390316 1,60463705 AURKB
ILMN_1776105 1,21731937 5,29245309 5,68634111 0,000105187 0,0392397 1,58567981 PSPH
ILMN_1881005 -2,5161237 4,89404957 -5,6741297 0,00010722 0,03935819 1,56829038 HS.560387
ILMN_3284000 -2,7449175 4,81042881 -5,6607282 0,000109499 0,03946133 1,54917761 LOC100131857
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ILMN_1680344 -2,4731055 8,52165084 -5,6595919 0,000109694 0,03946133 1,54755571 MYOM1
ILMN_1706969 2,3596389 5,66131692 5,65735431 0,000110081 0,03946133 1,54436114 BEND6
ILMN_1738095 -2,0295929 8,3771417 -5,6366707 0,00011372 0,03992537 1,51479208 PER2
ILMN_1727055 2,9686162 4,91172789 5,63518763 0,000113985 0,03992537 1,51266921 C12ORF48
ILMN_1733094 2,37788398 7,68216967 5,62057293 0,00011664 0,04036352 1,49172948 STEAP1
ILMN_1696187 1,36475645 8,64329079 5,6146288 0,000117738 0,04036352 1,48320259 PYGL
ILMN_1710954 1,58594753 5,90853279 5,61274531 0,000118088 0,04036352 1,48049947 LOC283932
ILMN_1660986 -2,520449 6,37683292 -5,6077395 0,000119025 0,04036352 1,47331244 PER3
ILMN_1742145 3,57039029 3,40300836 5,60449946 0,000119635 0,04036352 1,46865839 ESPL1
ILMN_1774207 1,99588226 8,70217905 5,59103283 0,000122206 0,04093024 1,44929579 ANGPT2
ILMN_1785618 -1,2791962 9,75954004 -5,5789606 0,000124562 0,04118814 1,43191229 SMTN
ILMN_1738578 -2,3552381 11,0480003 -5,5759495 0,000125156 0,04118814 1,42757275 FILIP1L
ILMN_1669550 1,36020255 8,64384992 5,55894789 0,000128572 0,04154592 1,40304131 MAD2L2
ILMN_1811921 -1,3194005 11,8656567 -5,5508176 0,00013024 0,04163871 1,39129312 CSRP1
ILMN_2315979 -1,5313465 9,4750145 -5,5473085 0,000130967 0,04163871 1,38621924 LBH
ILMN_1686664 2,70257225 11,9639799 5,54435786 0,000131581 0,04163871 1,38195109 MT2A
ILMN_1661197 2,26060629 6,19984026 5,53633826 0,000133267 0,04165051 1,37034345 CLCF1
ILMN_2405353 -1,3194265 4,36361438 -5,5349246 0,000133567 0,04165051 1,36829626 SDK1
ILMN_2355665 2,888197 6,29547682 5,52947992 0,000134727 0,04165051 1,36040811 MTP18
ILMN_1779448 -2,5352459 10,8403908 -5,5226529 0,000136197 0,04165051 1,35051041 EFHD1
ILMN_1780667 2,31684624 5,76365601 5,51579356 0,000137691 0,04165051 1,34055791 WDR51A
ILMN_1772316 -1,3905522 9,16481712 -5,5029216 0,000140541 0,04165051 1,32186043 UNC84A
ILMN_2196984 2,34581395 5,47005138 5,50164744 0,000140827 0,04165051 1,32000806 OIP5
ILMN_1752935 -2,4535718 7,92147286 -5,5000647 0,000141182 0,04165051 1,31770671 TMEM30B
ILMN_1737184 2,03697969 6,35982823 5,49563108 0,000142183 0,04165051 1,31125809 CDCA7
ILMN_1756049 -1,814194 9,02354281 -5,4866458 0,000144235 0,04165051 1,29817901 NT5DC3
ILMN_1719695 1,33505066 9,64571258 5,47971059 0,00014584 0,04165051 1,28807482 NFKBIZ
ILMN_2160929 2,4590368 7,85550506 5,47841261 0,000146142 0,04165051 1,28618285 FEN1
ILMN_1811470 2,33197555 4,18483263 5,4458738 0,000153944 0,04330887 1,23866187 PLEK2
ILMN_2173611 1,55719823 11,5274272 5,44025281 0,000155336 0,04330887 1,23043491 MT1E
ILMN_2189675 -3,0354289 6,52476637 -5,4386466 0,000155736 0,04330887 1,22808307 HRCT1
ILMN_1795325 -1,8432437 12,2255004 -5,4124713 0,000162413 0,04438365 1,18969646 ACTG2
ILMN_1800412 1,38667231 8,44671746 5,41212453 0,000162503 0,04438365 1,18918713 BMP1
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A B C D E F G H
ILMN_3236821 -1,2198729 9,62540265 -5,3993064 0,000165884 0,04454153 1,17034689 HSPBL2
ILMN_1760493 -1,8293931 8,71590243 -5,3988963 0,000165993 0,04454153 1,16974366 LIMS2
ILMN_1681503 2,62458991 5,5624888 5,36256733 0,000175991 0,04599013 1,11619633 MCM2
ILMN_1735093 2,04111471 6,66832232 5,35778251 0,000177355 0,04599013 1,10912743 TIMELESS
ILMN_2143795 1,65221644 9,67882535 5,35428931 0,000178357 0,04599013 1,10396432 MGC4677
ILMN_3292122 -1,5398862 2,99483388 -5,353391 0,000178616 0,04599013 1,10263626 LOC100133263
ILMN_1773119 2,55323454 6,01681582 5,34843483 0,000180051 0,04599013 1,09530662 CCNF
ILMN_1653319 1,32745651 6,71397411 5,34777379 0,000180243 0,04599013 1,0943287 MC1R
ILMN_1698706 3,00738937 5,79487319 5,34719131 0,000180412 0,04599013 1,09346695 NID2
ILMN_1689378 1,98997535 5,14302393 5,34176421 0,000182001 0,04613868 1,08543507 CCRN4L
ILMN_3206352 -1,8370337 3,80651287 -5,332446 0,000184762 0,04632685 1,07163315 LOC728264
ILMN_2077550 1,82001804 7,00660088 5,3196079 0,000188639 0,04640748 1,05259424 RACGAP1
ILMN_1766707 -2,6455528 4,01520244 -5,3192753 0,000188741 0,04640748 1,05210059 IL17B
ILMN_1707356 -1,0099326 6,23293698 -5,3143064 0,000190265 0,04640748 1,04472417 CFL2
ILMN_3310065 2,72944318 3,15853947 5,31143537 0,000191152 0,04640748 1,04046018 SFTA1P
ILMN_2072296 2,42210817 8,13392393 5,30045058 0,000194585 0,04643182 1,02413331 CKS2
ILMN_1807169 -2,3208483 6,93596679 -5,2981971 0,000195297 0,04643182 1,02078147 TINAGL1
ILMN_1784113 1,27756752 6,70439922 5,29791189 0,000195388 0,04643182 1,02035717 NAT14
ILMN_1732452 1,44832794 8,81488705 5,29422416 0,00019656 0,04643182 1,01487004 MAPKAPK3
ILMN_2368718 4,24674121 4,65719652 5,29183298 0,000197324 0,04643182 1,0113109 CENPM
ILMN_3244640 2,8153156 4,1346459 5,28069323 0,000200924 0,04703784 0,99471761 SNORD96A
ILMN_1880457 1,39210596 7,47372222 5,26229834 0,000207022 0,04791322 0,96727267 HS.556994
ILMN_1700771 -1,9426405 7,8027402 -5,2618295 0,00020718 0,04791322 0,96657249 PRUNE2
ILMN_1687556 -3,3355393 4,2650239 -5,2591269 0,000208093 0,04791322 0,96253523 DAPL1
ILMN_1720124 1,17225141 9,57394502 5,25617361 0,000209096 0,04791322 0,95812231 RCC2
ILMN_2199362 -3,5280798 3,78818573 -5,2504857 0,000211041 0,04791322 0,94961899 FBXL22
ILMN_1757020 -2,4758747 3,74344829 -5,2477785 0,000211973 0,04791322 0,94556999 CDH8
ILMN_1776490 2,22117304 4,97308462 5,23842273 0,000215229 0,04841069 0,93156768 C17ORF53
ILMN_1684143 -2,4936743 3,86584964 -5,2308518 0,000217902 0,04877291 0,92022608 NPTXR




