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Abstract: Background: The rupture of intracranial aneurysm (lA) is the primary cause of subarachnoid hemorrhage
with high mortality and morbidity. However, there were no effective treatment options prior to the rupture of IA,
except for surgical treatment or endovascular therapy, which might lead to complications. Therefore, biomolecule-
based therapeutic model should be investigated. Methods: A total of 5 selected GEO datasets were chosen. Protein-
protein interaction was conducted with the STRING and MCODE plug-in tool. Gene ontology analysis and KEGG
pathway enrichment were also conducted using the DAVID database. Real-time PCR was applied for analyzing the
differential expressions of TAGLN and TPM1 among 16 unruptured vessels and 10 normal superficial temporal
arteries. Results: We found no common DEGs, biological processes, molecule functions and KEGG pathway en-
richments among the selected GEO datasets. Total of 102 common DEGs were found between GSE26969 and
GSE46337, which were two Chinese population-based datasets. Module analysis showed that IA was correlated
with vascular smooth muscle contraction related genes and major histocompatibility complex (MHC) gene cluster
related genes. The expression of TAGLN was replicated to be decreased in the unruptured IA vessels (P = 0.003).
Conclusion: This bioinformatic analysis demonstrated the correlations between IA and MHC gene cluster as well as
vascular smooth muscle contraction related genes. TAGLN was initially replicated to be decreased in the unruptured

vessels of IA patients. It might provide potential biomolecules for therapeutic target of IA.
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Introduction

Intracranial aneurysm (lA), also termed cere-
bral aneurysm, is a potentially devastating
cerebrovascular disorder characterized by bal-
looning or localized abnormal widening of a
cerebral artery lumen or arterial wall [1]. The
global prevalence of IA is approximately 3.2%
[2]. Most IA does not rupture and remains
asymptomatic during a person’s life. However,
it was also reported that after IA ruptured, it
caused subarachnoid hemorrhage (SAH) with
the notably high mortality and severe sequelae
[3, 4]. Despite the considerable progresses of
modern therapeutic technology, there is still a
lack of preventive treatments prior to the occur-
rence of IA rupture. Meanwhile, complications
and less favorable long-term outcomes are
observed due to the invasive procedures of sur-
gical treatment and endovascular therapy [5].
Therefore, screening novel biomarkers that

might potentially be applied as molecular thera-
peutic models may help to cure IA or prevent IA
from rupturing.

In recent decades, high-throughput screening
technologies for biomolecules, including genes,
RNAs and proteins, have been widely applied
by researchers. Gene microarray analysis is a
potent technique to depict the gene-expression
profiles of certain diseases or characteristics.
In previous studies, numerous candidate genes
or pathway enrichments have been found to be
associated with the risk of IA according to the
gene-expression screening methods [6, 7].
However, we found diverse or even discrepant
results among these studies. Li et al. found that
decreased expression genes of 1A were enrich-
ed in the immune/inflammation response [8],
while Pera et al. found that the genes enriched
in that biological process exhibited decreased
expression in IA patients [9]. Meanwhile, other
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Total sequencing data

involving human participants

17 GEO datasets

Excluded:

GSE46336)

A 4

(GSE13353)

(GSE66238)

1. Three non-coding RNA-related
datasets (GSE66239, GSE50867,

2. Two cytological datasets
(GSE74451, GSE74452)

3. Two DNA datasets
(GSE107196, GSE75434)

4. Two blood-based datasets
(GSE36791, GSE106520)

5. One inter-case dataset

6. One undisclosed dataset

7. One dataset is lack of fold
Included change (GSE75436)

were in accordance with the
ethical standards of the insti-
tutional and/or national rese-
arch committee and with the
1964 Declaration of Helsinki
and its later amendments or
comparable ethical standards.

Research protocols and micro-
array data

A total of 17 IA-related se-
quencing datasets from the
GEO database were collected.
After limited scopes with pub-

5 GEO datasets
(GSE26969, GSE46337,
GSE54083, GSE6551,
GSE15629)

Figure 1. Inclusion and exclusion of GEO datasets.

IA-related biological processes or pathway en-
richments were found among studies, such as
cell adhesion, muscle system, chemotaxis, and
RNA splicing/processing [9-11].

In this study, we compared the differentially
expressed genes (DEGs) from several publi-
shed Gene Expression Omnibus (GEO) data-
sets of IA-related studies and investigated
whether there were common points by using
bioinformatic analysis. Meanwhile, protein-pro-
tein interaction (PPI), biological process, mo-
lecular function, cellular component and Kyoto
Encyclopedia of Genes and Genomes (KEGQG)
pathway enrichment of common DEGs from
two Chinese ethnicity-based studies were per-
formed, aiming at visualizing specific relati-
onships among genes and providing poten-
tial molecule-based therapeutic targets for
Chinese IA patients.

Materials and methods
Patients

A total of 16 unruptured IA tissues and 10
superficial temporal arteries were collected.
Informed consent was obtained from all partici-
pants included in the study. This study was
approved by the Clinical Research Ethics
Committee of Anhui Medical University of
China. All procedures performed in the study
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licity, free availability and com-
mon RNA expression for the
dataset (Figure 1), five GEO
datasets for IA, GSE6551,
GSE15629, GSE26969, GSE-
46337 and GSE54083 were
selected for further analysis.
Detailed information, including platforms, sam-
ple numbers and ethnicities, is listed in Supp-
lementary Table 1.

Data processing of DEGs

In this study, we re-analyzed the results from
each dataset in a standard software, GEO2R
(http://www.ncbi.nim.nih.gov/geo/geo2r/), whi-
ch is used for the selection of DEGs between
the IA tissues and the normal blood vessels
for each GEO dataset with gene symbols. Then
the results were put together and the statistics
re-done. We simultaneously defined two par-
ameters, that is, adjusted p value < 0.05 and
|logFC| > 2, as the cut-off criteria.

Gene ontology (GO) and KEGG pathway analy-
sis of DEGs

The Database for Annotation, Visualization and
Integrated Discovery (DAVID, http://david.ncif-
crf.gov/), an online bioinformatics resource,
was applied for functional interpretation of
large lists of genes or proteins. Among these
tools, GO was used for annotating genes and
gene production in different aspects, including
biological processes (BP), molecular function
(MF) and cellular component (CC). Additionally,
KEGG pathway analysis was another tool em-
ployed for interpreting genomes, biological pa-
thways, diseases and chemical substances.
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Figure 2. Venn diagram of common differentially expressed genes among

the 5 datasets.

PPI network and module analysis

Protein-protein interaction (PPI) information
was introduced here to detect potential rela-
tionships among DEGs. The Search Tool for
the Retrieval of Interacting Gene (STRING) app
was applied in Cytoscape with cut-off criteria
of confidence score > 0.4 and maximum num-
ber of interactors = 0. Meanwhile, the Molecu-
lar Complex Detection (MCODE) app was also
utilized to screen key modules of the PPI net-
work in Cytoscape with degree cut-off = 2,
node score cut-off = 0.2, k-core = 2 and max.
depth = 100.

Real-time quantitative PCR on the expression
of TPM1 and TAGLN

Total mRNA extracted from vessels using TR-
Izol (Invitrogen) was reversely transcribed into
cDNA (Life Technology). The primers for TPM1,
TAGLN and GAPDH were commercially obtain-
ed from OriGene Technologies (Rockville, USA),
and the information is shown in Supplementary
Table 2. Samples were amplified in the Appli-
ed Biosystems 7900 HT Fast Real-time PCR
system (California, USA). The fold changes of
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mMRNA expression between TP-
M1 and TAGLN were compared
by 2-AACt.

Statistical analysis

The raw data of each GEO
dataset were re-analyzed in an
online standard software, GE-
O2R (http://www.ncbi.nim.nih.
gov/geo/geo2r/) which was ba-
sically calculated with R script.
DEGs between the IA tissues
and the normal blood vessels
were calculated. Genes with
the most significant P values
will be the most reliable. Mo-
derated F-statistic combines
the t-statistics for all the pair-
wise comparisons into an over-
all test of significance for that
gene.

69692359

SPSS software (Version 19.0,
SPSS Inc, Chicago, IL, USA)
was applied for statistical an-
alysis. All enumeration data
were analyzed with a nonpa-
rametric t test. The p-values reported in the
study were based on a two-sided probability
test with a significance level of P < 0.05.

Results
Identification of DEGs

Based on the GEO2R online analytic tool, with
the criteria of adjusted P < 0.05 and |logFC| >
2, we calculated DEGs for each GEO dataset.
Generally, a total of 25 DEGs were detected for
GSE6551, of which 18 genes were up-regulat-
ed and 7 genes were down-regulated. A total of
60 DEGs were detected for GSE15629, of
which 21 genes were up-regulated and 39
genes were down-regulated. A total of 825
DEGs were detected for GSE26969, of which
814 genes were up-regulated and 11 genes
were down-regulated. A total of 2834 DEGs
were detected for GSE46337, of which 1345
genes were up-regulated and 1489 genes were
down-regulated. Finally, a total of 822 DEGs
were detected for GSE54083, of which 470
genes were up-regulated and 352 genes were
down-regulated. Meanwhile, we found no com-
mon DEGs after we compared all the DEGs
from the 5 datasets (Figure 2).
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Common GO function and KEGG pathway
enrichment among the GEO datasets

As GO function and KEGG pathway enrichment
analysis would facilitate an in-depth under-
standing of selected DEGs, the DAVID bioinfor-
matic database was applied in this section.
Because the results of GSE6551 showed little
information for the GO function and KEGG an-
alysis, probably due to the inadequate DEG
numbers, the other DEGs of the other 4 da-
tasets were imported into DAVID software.
Significant GO functions (P < 0.05), including
BP, MF and CC, as well as KEGG pathway enri-
chments were analyzed. Similarly, we com-
pared whether there were common GO func-
tions and KEGG pathway enrichments. We did
not observe common BP, MF and KEGG path-
ways among the 4 GEO datasets (Figure 3A,
3C and 3D, respectively). However, three CCs
were found to be common among the 4 da-
tasets: extracellular exosomes, extracellular
matrix and focal adhesion (Figure 3B).

Common DEGs in the Chinese population

As the ethnic heterogeneity for DEG cohorts
from different GEO datasets, we investigated
whether there were common DEGs between
GSE46337 and GSE26969, which were Chin-
ese population-based datasets. We found that
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extracellular exosome
G0:0031012
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G0:0005925

focal adhesion

Figure 3. Venn diagram of
common biological process
(A), cellular component (B),
molecular function (C) and
KEGG pathway enrichment
(D) among the 4 datasets.

a total of 102 common DEGs were contained in
the results of both datasets (Figure 4A).

PPI network analysis, GO function and KEGG
pathway enrichment of common DEGs in the
Chinese population

To depict the panorama of common DEGs
from the two Chinese population-based datas-
ets, we first made a PPl network of all common
DEGs based on the information obtained from
a string protein query in public databases
(Figure 4B). The top 10 significant BP, MF and
CC findings of the corresponding GO analysis
(Table 1) and the top 10 significant KEGG
pathway enrichments (Table 2) were listed.

Module screening from the PPl network

To discover key PPl networks and pathways
involved in the pathogenesis of IA, the MCODE
plug-in was used. Two modules were select-
ed. In module 1, the enriched genes were in-
volved with the major histocompatibility com-
plex (MHC) gene cluster. The KEGG of module
1 generally showed that IA was mainly correlat-
ed with antigen processing/presentation, graft-
versus-host disease, cell adhesion molecules,
autoimmune diseases and infections (Figure
5A and Table 3). Additionally, KEGG enrichment
analysis of the selected genes in module 2
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GSE26969

Figure 4. Venn diagram of common dif-
ferentially expressed genes (A) and the
protein-protein interaction network (B) of
2 Chinese population-based datasets.

revealed that IA had a significant correlation
with vascular smooth muscle contraction (Fi-
gure 5B and Table 4).

Expression of TPM1 and TAGLN

The results (Figure 6A and 6B) of gPCR showed
that the expression of TAGLN in the unruptured
IA vessels was significantly decreased in com-
parison with the normal superficial temporal
arteries (P = 0.003), while there were no differ-
ences in TPM1 expression between the two
groups (P = 0.617).

Discussion

Although the morbidity of stroke has declined
in recent decades due to the improvements in
detection technology and effective treatment
of hypertension, the incidence of SAH, of which
the ruptured IA is the predominant cause, do
not show any trend of reduction, with approxi-
mately 23% of the survivors suffering from a
significant restriction of lifestyle, ranging from
a requirement for daily help up to full depen-
dency [12]. Although evidence indicates that
most IAs do not rupture, we can not distingui-
sh the unruptured IAs from those that would
eventually rupture. Therefore, investigating the
molecule-based rupture risks of IA is urgently
needed.

In previous studies, numerous mechanisms
and biomolecules have been reported. Many
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GSE46337

factors that influenced the stability of the dilat-
ed vessel wall might contribute to the rupture
of IA, including degradation and disorganiza-
tion of the extracellular matrix (ECM), formation
of atherosclerotic plagues, decrease of reticu-
lar fibers and inflammation processes [13-16].
In the past decade, a large number of defining
novel biomolecules, which might be potentially
therapeutic targets for IA through high-through-
put technologies, have been discovered. In this
study, we conducted data mining from 5 gene
expression datasets concerning common RNA
in GEO databases. Interestingly, although nu-
merous DEGs were detected from the 5 datas-
ets, the results were notably heterogenic. No
common DEGs were found. Moreover, there
were also no common BPs, MFs and KEGG
pathway enrichments among the 5 datasets.
The results indicated that the pathogenesis of
IA might be contributed by different genes or
even biological functions in different popula-
tions. Krischek and colleagues presented a
genetic association study for IA in different
populations and found that variations in or ne-
ar the JDP2 gene might be correlated with sus-
ceptibility in the East Asia population, rather
than in the Dutch population [17]. We hypothe-
sized that ethnicity-based differences might
exist in the pathogenesis of IA among popula-
tions. Meanwhile, we might acknowledge that
the influence factors of sample size and plat-
form differences among studies should be also
considered.

Int J Clin Exp Med 2020:13(5):3108-3118
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Table 1. Gene ontology analysis of differentially expressed genes associated with IA in Chinese popu-

lation
Gene P FDR (False
Category Term Count % value Discovery Rate)
BP G0:0006936~muscle contraction 9 8.8 1.7E-7 2.7E-4
BP G0:0060333~interferon-gamma-mediated signaling pathway 6 5.9 b5.3E5 8.3E-2
BP G0:0019882~antigen processing and presentation 5 49 2.7E4 4.3E-1
BP G0:0007155~cell adhesion 11 10.8 2.9t4 4.5E-1
BP G0:0031295~T cell costimulation 5 49 1.0E-3 1.6E0
BP G0:0008015~blood circulation 4 39 22E3 3.3E0
BP G0:0006937~regulation of muscle contraction 3 2.9 2.8E-3 4.3E0
BP G0:0001570~vasculogenesis 4 3.9 4.0E-3 6.1EO0
BP G0:0002504~antigen processing and presentation of peptide or 3 2.9 4.2E-3 6.3E0
polysaccharide antigen via MHC class Il
BP G0:0007015~actin filament organization 4 3.9 8.1E-3 1.2E1
cC G0:0005925~focal adhesion 19 18.6 3.2E-12 4.0E-9
cC G0:0030018~Z disc 9 8.8 25E-7 3.1E-4
cc G0:0009986~cell surface 15 147 1.3E-6 1.7E-3
CcC G0:0071556~integral component of lumenal side of endoplasmic 5 49 1.8E5 2.2E-2
reticulum membrane

cC G0:0030666~endocytic vesicle membrane 6 5.9 209E5 3.6E-2
cC G0:0070062~extracellular exosome 31 304 1.4E4 1.7E-1
cC G0:0012507~ER to Golgi transport vesicle membrane 5 49 1.8E-4 2.2E-1
cC G0:0015629~actin cytoskeleton 8 7.8 19E-4 2.3E-1
cc G0:0001725~stress fiber 5 49 2.1E4 2.6E-1
CcC G0:0042613~MHC class Il protein complex 4 3.9 22E4 2.7TE-1
MF G0:0008307~structural constituent of muscle 6 59 3.0E-6 3.8E-3
MF G0:0003779~actin binding 10 9.8 19E5 2.4E-2
MF G0:0042605~peptide antigen binding 4 3.9 45E4 5.8E-1
MF G0:0005515~protein binding 64 62.7 6.2E4 8.0E-1
MF G0:0051015~actin filament binding 6 5.9 T.4E4 9.4E-1
MF G0:0032395~MHC class Il receptor activity 3 29 209E3 3.6E0
MF G0:0023026~MHC class Il protein complex binding 3 29 3.3E3 4.1E0
MF G0:0004896~cytokine receptor activity 3 2.9 1.6E-2 1.9E1
MF G0:0032947~protein complex scaffold 3 29 2.0E2 2.2E1
MF G0:0048365~Rac GTPase binding 3 2.9 2.0E-2 2.2E1

We listed top 10 significant terms in BP (biological process), CC (cellular component), and MF (molecular function) according to the P value,

respectively.

Then, further analysis was conducted between
two Chinese population-based datasets, aim-
ing at discovering probable common genes and
detailed pathogenesis in the Chinese popula-
tion. Finally, we found that a total of 102 com-
mon DEGs between the GSE26969 dataset
and the GSE46337 dataset. To achieve a more
in-depth understanding of these DEGs, we per-
formed GO function and KEGG pathway enrich-
ment analyses of these DEGs. After analysis of
two selected important modules for the com-
mon DEGs of the Chinese population in IA, we
found that the enriched genes of |A were signifi-
cantly associated with the MHC gene cluster
and the vascular muscle contraction-related
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genes. These two pathogenic candidates were
not involved in the other analytic results ob-
tained from the 3 GEO datasets.

MHC, also termed human leukocyte antigen
(HLA), is a highly complicated hereditary sys-
tem with highly polymorphic characteristics in
humans. MHC plays highly important roles in
immunity with the properties of antigen pro-
cessing and presentation, as well as inflamma-
tion processes [18]. As early as 1847, Virchow
hypothesized that IA formation was caused by
inflammation [19]. There have been numerous
studies concerning the relationship between
MHC gene cluster-mediated inflammation and

Int J Clin Exp Med 2020:13(5):3108-3118
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Table 2. KEGG pathway enrichment analysis of differentially expressed genes associated with intra-

cranial aneurysm in Chinese population

Gene FDR (False .
Term % Pvalue _. ( Gene List
Count Discovery Rate)

hsa 04270: Vascular smooth muscle contraction 7 6.9 1.2E4 1.4E-1 ACTA2, PPP1R12B, MYLK, CALD1, PPP1R14A,
AVPR1A, MYL9

hsa 04510: Focal adhesion 8 78 3.8E4 4.3E-1 PPP1R12B, MYLK, FLNA, TNC, CAV2, CAV1,
MYL9, CDC42

hsa 04145: Phagosome 7 6.9 4.8E4 5.4E-1 HLA-DPA1, LAMP1, ATPG6VOD2, HLA-B, HLA-
DRB1, HLA, DRA, CD36

hsa 05416: Viral myocarditis 5 49 5.2E4 5.9E-1 HLA-DPA1, HLA-B, CAV1, HLA-DRB1, HLA-DRA

hsa 05152: Tuberculosis 7 6.9 1.0E-3 1.2E0 HLA-DPA1, STAT1, LAMP1, ATP6VOD2, CD74,
HLA-DRB1, HLA-DRA

hsa 05332: Graft-versus-host disease 4 39 1.3E3 1.5E0 HLA-DPA1, HLA-B, HLA-DRB1, HLA-DRA

hsa 04612: Antigen processing and presentation 5 49 1.6E-3 1.7E0 HLA-DPA1, HLA-B, CD74, HLA-DRB1, HLA-DRA

hsa 05330: Allograft rejection 4 3.9 1.8E3 2.1E0 HLA-DPA1, HLA-B, HLA-DRB1, HLA-DRA

hsa 04514: Cell adhesion molecules (CAMs) 6 59 24E3 2.7E0 HLA-DPA1, NEGR1, HLA-B, PTPRC, HLA-DRB1,
HLA-DRA

hsa 04940: Type | diabetes mellitus 4 3.9 26E3 3.0E0 HLA-DPA1, HLA-B, HLA-DRB1, HLA-DRA

We listed top 10 significant enriched pathways for the 102 common genes.

Figure 5. Two modules from the protein-protein network. (A) module 1 and (B) module 2.

IA formation [20-22]. An early study found that
the expression of MHC Il antigens in vascular
smooth muscle cells (SMCs) might induce an
attack of SMCs by specific T lymphocytes rec-
ognizing the SMCs as the autoantigens in the
pathogenesis of vasculitis [23]. The immuno-
histochemistry data of IA tissues revealed the
prominent infiltration of macrophages, which
were the primary antigen presentation cell
(APC) to express MHC Il molecules. Krischek et
al. performed a microarray-based analysis in IA
patients and found a strong evidence of MHC
class Il gene over-expressions in human IA tis-
sues in Japanese population [24]. Some clinical
studies found that neurological outcomes of
SAH patients resulting from ruptured IA might
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be determined by the HLA phenotypes. Lye et
al. found that the HLA-B7 phenotype in IA
patients indicated a poor outcome, while HLA-
DR3 might play a protective role in IA patients
[25]. However, we found fewer in-depth mecha-
nism investigations of MHC-related molecules
on IA, most likely due to the complexity of the
MHC gene cluster. As the heterogeneity of the
HLA cluster, we did not test the expression of
HLA-related genes between the unruptured
vessels of IA patients and the normal superfi-
cial arteries.

To consider another aspect, it has been widely
accepted that phenotypic modulation and dys-
function of vascular SMCs play highly important

Int J Clin Exp Med 2020;13(5):3108-3118
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Table 3. The enriched pathways of module 1

Term Gene Count % P value FDR

Antigen processing and presentation 5 62.5 4.60E-07 4.50E-04
Graft-versus-host disease 4 50 3.40E-06 3.30E-03
Allograft rejection 4 50 4.90E-06 4.70E-03
Cell adhesion molecules (CAMs) 5 62.5 5.70E-06 5.50E-03
Type | diabetes mellitus 4 50 7.20E-06 7.00E-03
Autoimmune thyroid disease 4 50 1.40E-05 1.30E-02
Herpes simplex infection 5 62.5 1.60E-05 1.50E-02
Viral myocarditis 4 50 1.80E-05 1.80E-02
Phagosome 4 50 3.50E-04 3.40E-01
Asthma 3 375 3.80E-04 3.60E-01
Tuberculosis 4 50 5.40E-04 5.20E-01
Intestinal immune network for IgA production 3 375 9.30E-04 9.00E-01
Staphylococcus aureus infection 3 375 1.20E-03 1.20E+00
HTLV-I infection 4 50 1.60E-03 1.50E+00
Inflammatory bowel disease (IBD) 3 375 1.70E-03 1.70E+00
Leishmaniasis 3 375 2.10E-03 2.00E+00
Hematopoietic cell lineage 3 375 3.00E-03 2.90E+00
Rheumatoid arthritis 3 375 3.20E-03 3.10E+00
Toxoplasmosis 3 375 5.70E-03 5.40E+00
Systemic lupus erythematosus 3 375 7.40E-03 6.90E+00
Influenza A 3 375 1.20E-02 1.10E+01

We listed top 10 significant enriched pathways. The enriched genes in module 1 were mainly involved with the major histocom-
patibility complex (MHC) gene cluster.

Table 4. The enriched pathway of module 2
Term Gene Count % P value FDR

Vascular smooth muscle contraction 4 33.3 1.70E-04 1.20E-01
The enriched genes in module 2 were significantly correlated with vascular smooth muscle contraction.
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Figure 6. The expression levels of TAGLN and TPM1 mRNA from unruptured vessels of IA patients and normal super-
ficial temporal arteries. A. Expression of TAGLN mRNA is decreased in unruptured vessels than controls (P = 0.003).
B. No differences of the expression of TPM1 mRNA between the two groups (P = 0.617).
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roles in the formation, progression and rupture
of IA[26]. In the normal state, SMCs participate
in contraction, regulation of blood flow and
maintenance of blood pressure [27]. However,
vascular SMCs exhibit a remarkable degree of
plasticity when stimuli are exerted, such as
inflammation and injury, transitioning from a
quiescent contractile state into a proliferative
synthetic state [28]. This effect leads to the
dedifferentiation, progressively increasing the
size that is mediated by the apposition of new
layers of intramural thrombi within the vessel
wall and consequently accelerates IA initiation
[29]. In our study, module analysis revealed
that IA was significantly associated with vascu-
lar SMC contraction, in which 12 hub genes
were contained, including DES, CMN1, CALD1,
TPM1, TAGLN, LMOD1, MYH11, MYOCD, ACTA2,
MYL9, SORBS1 and MYLK. We tested the
expressions of TAGLN and TPM1 in both the
unruptured vessels of IA patients and the nor-
mal superficial temporal arteries because
TAGLN and TPM1 have not been replicated in
IA-related studies. The results showed that
TAGLN expression was decreased in the un-
ruptured vessels. TAGLN, which was mainly ex-
pressed in vascular and visceral smooth mus-
cle, participates in calcium-independent smoo-
th muscle contraction. The vascular SMCs of
TAGLN-deficient mice exhibited alterations in
the distribution of the actin filament and the
changes in cytoskeletal organization [30]. Th-
ere have been inconsistent findings for TAGLN
expression in aortic aneurysm tissues. Biros et
al. found no differences between the abdomi-
nal aortic aneurysms and the control biopsies
[31], while Ailawadi et al. found that human
aneurysms expressed less TAGLN [32]. How-
ever, to the best of our knowledge, there have
been no investigations of the association of
TAGLN expression with IA.

Interestingly, we found that increased expres-
sions and decreased expressions of DEGs were
analyzed in some previous studies [11, 33, 34].
However, we did not undertake this analysis
method in our study. DEGs that had significant
associations with IA might have complex inter-
actions and networks with each other, and the
dysregulations of all DEGs should be integrally
considered for the pathogenesis of IA. There-
fore, we hypothesized that the combined analy-
sis of all DEGs might be useful in profiling the
pathogenic molecular network for IA and other
diseases.
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Some limitations for the study should be stat-
ed. First, we conducted the integral analysis
by combining multiple established omic-based
datasets, but we found that limited sample
sizes were contained in each respective expe-
riment. This might lead to the bias in statistical
power and furthermore caused some false-
positive and false-negative results. As for this
bias, augmented sample sizes should be fur-
ther conducted. Second, there might be some
differences in molecular model or even patho-
genic process in different subtypes of IA, which
could be defined by sizes, locations and hemo-
dynamic characteristics [35]. We did not dis-
tinguish the subtypes of IA from the primary
studies. So we should be careful about the he-
terogeneity of pathogenic molecules among
the different types of IA.

In conclusion, a total of 102 common Chinese
population-specific DEGs were found between
two Chinese population-based studies, and the
MHC gene cluster and smooth muscle contrac-
tion-related genes might be of considerable
importance in the pathogenesis of IA. Fur-
thermore, the differential expression of TAGLN
was initially confirmed and found to be de-
creased in the unruptured vessels of IA pati-
ents of Chinese population.
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Supplementary Table 1. Information of five selected GEO datasets

No. of GEO dataset Sample information Ethnics Target Platform Decision

GSE26969 3 1A samples vs. China Gene expression  Affymetrix Human Genome U133 Plus 2.0 Array Included
3 normal superficial temporal arteries

GSE46337 2 |A samples vs. China Gene expression  Agilent-014850 Whole Human Genome Microarray 4x44K G4112F Included
2 middle meningeal arteres

GSE54083 13 1A samples (including 8 ruptured IA and 5 unruptured IA) vs. Japan Gene expression  Agilent-014850 Whole Human Genome Microarray 4x44K G4112F Included
10 superficial temperal arteries

GSE6551 2 1A samples vs. American  Gene expression Affymetrix Human Genome U133 Plus 2.0 Array Included
3 intracranial arteries

GSE15629 11 1A samples (including 8 ruptured IA and 3 unruptured IA) vs. Poland Gene expression  Affymetrix Human Gene 1.0 ST Array Included

5 full-thickness vessels of normal

Supplementary Table 2. Primers of real-time PCR

Gene Accession No. Forward Sequence Reverse Sequence Cat. No.

TAGLN  NM_003186 TCCAGGTCTGGCTGAAGAATGG CTGCTCCATCTGCTTGAAGACC HP229138
TPM1  NM_000366 GGCACCGAAGATGAACTGGACA GCGTCTGTTCAGAGAAGCTACG HP200346
GAPDH NM_002046 GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA HP205798




