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The aim of this study was to identify some key genes related to the pathogenesis of thoracic aortic aneurysm
(TAA) and gain more insights to the molecular mechanism of TAA.

The expression profile of GSE9106 was downloaded from the Gene Expression Omnibus (GEO) database. The
data contained 58 TAA peripheral blood samples and 36 normal peripheral blood samples. The differently ex-
pressed genes (DEGs) between the TAA samples and the normal samples were identified via limma package of
R. Functional enrichment analysis of the DEGs were performed via the Database for Annotation, Visualization
and Integrated Discovery (DAVID). The differentially co-expressed genes in TAA samples compared to normal
samples were identified via the DCGL package in R. The protein-protein interaction (PPI) network of the DEGs
was constructed through the Search Tool for the Retrieval of Interacting Proteins (STARING) database and vi-
sualized by Cytoscape software.

A total of 407 DEGs were obtained in TAA samples compared with normal samples. The DEGs were enriched in
29 Gene Ontology (GO) terms. There were 1,441 co-expression gene pairs that had significant changes in the
co-expression status in TAA samples compared with normal samples and a differential co-expression network
was constructed based on them. Moreover, a PPl network of the DEGs was constructed, containing 101 nodes.
Bioinformatics methods could identify significant biological processes and genes related to TAA. KRTDAP, BICD 1,
and genes in the OR family might play an important role in TAA.
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Background

Thoracic aortic aneurysms (TAAs) are localized dilatations of
the supra-diaphragmatic aorta that result from weakening and
expansion of the arterial wall [1]. Many cases remain undetect-
ed because TAAs are usually asymptomatic and indolent until
complications such as aortic dissection or rupture occurs [2].
In the treatment of TAA, pharmacological treatments have not
shown consistent and significant improvements in clinical out-
comes [3]. In spite of advances in surgical care for TAA, surgi-
cal risks remain high. Patients surviving surgery are at risk of
significant postoperative morbidity due to myocardial infarc-
tion, renal failure, stroke, neurological deficits, and paraple-
gia [1]. Therefore, it is crucial to have a better understanding
of the pathogenesis of TAA to guide early diagnosis, predict
prognosis, as well as develop new therapeutic approaches.

Hereditary factors play an important etiologic role in TAA.
There has been evidence reported that suggests that patients
with specific genetic mutations require earlier interventions at
smaller aortic sizes [4]. A number of genes have been proven
to be associated with TAA. For example, FBN1 gene mutation
was shown to cause Marfan syndrome [5]. BRGI was report-
ed to be overexpressed in the aortic media of TAA, and the
interaction between BRG1I and HIF 1 alpha-antisense RNA 1
played a key role in the proliferation and apoptosis of vascu-
lar smooth muscle cells, which may contribute to the patho-
genesis of TAA [6]. TGFBR2 mutations were reported to be as-
sociated with both syndromal and non-syndromal TAA, and
identification of novel TGFBR2 mutations, such as S553T, in
non-syndromal TAA might have meaningful clinical implica-
tions for patients with TAA [7]. However, the molecular mech-
anism of pathogenesis is not completely clear.

Gene microarray is an effective technology that allows for de-
tecting gene expression in cells and tissues on a genome-wide
scale. Through bioinformatics analysis, new signaling pathways or
key genes associated with tumor-genesis can be discovered [8].

In this study, different expressed genes in TAA samples com-
pared with normal samples were identified via bioinformat-
ics methods. Through functional enrichment analysis, as well
as the construction of differential co-expression networks and
protein-protein interaction (PPI) network, a better understand-
ing of the molecular mechanism of TAA was obtained.

Material and Methods

Microarray data

Gene Expression Omnibus (GEO; http://www.ncbinlm.nih.
gov/geo/) database is an international public repository for
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high-throughput microarray and next-generation sequence
functional genomic data sets. The gene expression profile of
GSE9106 was downloaded from the GEO database. Whole
Genome gene expression profiles from a total of 94 periph-
eral blood samples (collected from 58 individuals diagnosed
with TAA and 36 normal controls) were analyzed in this study.

Data processing and identification of differentially
expressed genes

The raw data with the CEL format was normalized and log2
transformed via the preprocessCore package (http://www.
bioconductor.org/packages/release/bioc/html/preprocessCore.
html), and the expression value matrix was obtained with the
gene as the row and the sample as the column. Afterwards,
the limma [9] package of R was used to identify the differen-
tially expressed genes (DEGs) in TAA samples compared with
normal samples (http://bioconductor.org/packages/release/bioc/
html/limma.html). The DEGs were selected with the threshold
of |log2(fold change)|>1 and p<0.05.

Functional enrichment analysis

The Database for Annotation, Visualization and Integrated
Discovery (DAVID) is a web-accessible program that integrates
functional genomic annotations with intuitive graphical sum-
maries (https://david.ncifcrf.gov/) [10]. To further explore the
biofunctions of the DEGs, Gene Ontology (GO) enrichment
analysis of the DEGs was performed with DAVID according to
the criteria: p<0.05.

Construction of the differential co-expression gene
network

DEGs which had similar expression profiles were included in
the differentially co-expressed genes analysis to investigate the
potential mechanism of TAA. The differentially co-expressed
genes in TAA samples compared to normal samples were iden-
tified via the DCGL package in R. Afterwards, The differential
co-expression gene network was constructed based on the
Cytoscape software.

Construction of PPl network

Gene interactions play a key role in disease progression.
Search Tool for the Retrieval of Interacting Genes (STRING)
(http://string-db.org/) was an online database for predicting
functional interactions between proteins [11,12]. To further ex-
plore the regulatory mechanism of the DEGs in TAA, the inter-
actions of the DEGs were screened out in the STRING database
with the threshold of combined score »0.4. The PPl network
of the DEGs was constructed based on the STRING database
and visualized using Cytoscape package.
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RASSF3 5.75x107% 0.51418 Figure 1. The top 10 enriched Gene Ontology terms for the
PCDHAS 6.20%10-05 0.615558 differently expressed genes.
R3HDML 777777777777777777777 § 60"10_05 777777777777777777 1 025435 77777777 The differential co-expression gene network
CCL24 7.04x107% 0.694118
""""""""""""""""""""""""""""""""""""""""""""""""""""" Atotal of 1,441 co-expression gene pairs had significant chang-
SERPINB10 9.07x107% 0.84035 . . . .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, es in the co-expression status in TAA samples compared with
NR1I2 9.42x10% 0.565695 normal samples. Based on these pairs, a differential co-expres-
ZDHHC15 9.60x10-% 0.720328 sion netwo.rk was construFted .(Flgure 2). The top.20 ge.nes in the
———————————————————————————————————————————————————————————————————————————————————————————— co-expression network with higher degree are listed in Table 2.
OR4X1 9.92x107% 0.825982
PIF1 1.00x107 0692451 The PPI network
04
EPPIN ————————————————————————— 112X100812233 ,,,,,,,, A total of 147 interaction pairs of the DEGs were identified
IFNK 1.15x107% 0.792714 via the STRING database. A PPI network of the DEGs was con-
T e 515 structed based 9n these pairs, containing 101.node§ (Figure 3).
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, The top 10 pairs of the PPI network are listed in Table 3.
ELF5 1.33x107 —0.58356 Table 4 shows the top 20 nodes of the PPl network accord-
ELSPBP1 1.45x10% 0.542693 ing to the degree.

DEGs - differentially expressed genes; FC — fold change;
TAA — thoracic aortic aneurysm.

Discussion

Results TAA is a serious threat to human health. The formation and
expansion of TAA result from many factors. Hereditary factors
The DEGs play an important etiologic role in TAA [13]. However, the mo-

A total of 407 DEGs were obtained in TAA samples compared
with normal samples, including 313 upregulated and 94 down-
regulated DEGs. The top 20 DEGs are listed in Table 1.

Enriched GO terms

The DEGs were enriched in 29 GO terms. The top 10 enriched
GO terms for the DEGs are shown in Figure 1. The top four en-
riched GO terms were water transporter activity, plasma mem-
brane, neurological system process, and water transport ac-
cording to p values.

lecular mechanism of TAA is still not completely clear. In this
study, bioinformatics methods were used to identify key genes
and biological processes involved in TAA. The results might
help us have a better understanding of TAA.

The top four enriched GO terms were water transporter activi-
ty, plasma membrane, neurological system process, and water
transport. These processes play critical roles in cardiovascular
disease. The cell membrane (also known as the plasma mem-
brane) is a biological membrane that separates the interior of
all cells from the outside environment [14]. Alterations in the
plasma membrane fluidity have been associated with various
diseases. One research study demonstrated that erythrocyte
membrane fluidity was decreased in essential hypertension and
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Figure 2. The differential co-expression network for the co-expression gene pairs in thoracic aortic aneurysm samples compared to

normal samples.

Table 2. The top 20 genes in the co-expression network.

KRTDAP 122
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""""""""""" ccs s
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""""""""""" RIS o1
""""""""""" ELSPBPL 63

JUN 63
""""""""""" FAMeSC  s9
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""""""""""" REGGG 4
""""""""""" WRDL2 a8
""""""""""" pox3y 4
""""""""""" N 4
""""""""""" TP 42
""""""""""" kom0 38
""""""""""" RPsavt 36

coronary artery disease patients [15]. These diseases appeared
to be significant risk factors for development of arterial aneu-
rysms [16]. There were also some relationships reported be-
tween neurological system process and arterial aneurysm. One
study reported that cerebral berry aneurysm was associated
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with central nervous system lupus [17]. Another study reported
that multiple aneurysms usually had manifestations of central
nervous system abnormality [18]. Furthermore, neurohumor-
al systems were reported to be essential in vascular homeo-
stasis. Through the modification of the neuronal discharge
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Figure 3. The protein-protein interaction network for the differential expression genes.

Table 3. The top 10 pairs of the PPI network with high combined

score.

Genel Gene2 Combined score

JUN FOSL2 0.999
© RPLL RPSAVI 0999
s aNKL 099
w0 UN  o9sa
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PPl — protein-protein interaction.
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or changes in circulating catecholamines, the autonomic ner-
vous system induced central or local vasomotor alterations
and participated in the control of the internal environment
and homeostasis [19]. Dysregulation in vascular homeostasis
could induce a series of vascular diseases, such as aortic an-
eurysm [20]. Water transport and water transporter activity are
essential to maintain water balance [21]. The changes in body
water could lead to various diseases. Vascular water balance
is essential to maintain blood pressure and local blood flow,
which plays critical roles in vascular homeostasis [22,23]. The
relationship between vascular homeostasis and aortic aneu-
rysm has been discussed above.

In the differential co-expression network, the top four genes
according to degree were KRTDAP, CA14, TMEM 143, and BICD 1.
KRTDAP was associated with epithelial differentiation. As a
kind of epithelial, the arterial endothelium exquisitely regu-
lates vascular function. Endothelial dysfunction plays a criti-
cal role in the development of atherosclerosis, which is one of
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Table 4. The top 20 nodes in the PPl net work.

Gene Degree

OR1J2 11
""""""""""" oRCL o1
""""""""""" oRGZ o1
""""""""""" oRLZ o1
""""""""""" oRaM 1
""""""""""" oR&X1T o1
""""""""""" oRS1GL o1
""""""""""" oRSIG2 o1
""""""""""" oRS22 1
""""""""""" oRSZA2 o1
""""""""""" oRSB2L 1
""""""""""" oReA2 o1
""""""""""" w o 10
""""""""""" PRKCG &
""""""""""" AT s
""""""""""" vive s
""""""""""" BRAY 4
""""""""""" WG a4
""""""""""" w4
""""""""""" PCHT 4

PPl — protein-protein interaction.

the key factors that could lead to arterial aneurysm [24,25].
Bicaudal-D1 (BICD1) is an a-helical coiled-coil protein [26].
Research has demonstrated that regulatory SNP of the BICD1
gene could contribute to telomere length variation in hu-
mans [27]. Telomeres were repetitive sequences of variable
length at the ends of chromosomes involved in maintaining
their integrity [28,29]. Short relative telomere length was re-
ported to be associated with vascular aging, inflammation,
and cardiovascular risk factors [30-32]. Furthermore, the re-
lationship between abdominal aortic aneurysm and short rel-
ative telomere length had been reported. One study found a
significantly shorter telomere length among aortic aneurysm
patients compared to controls [33]. However, few studies re-
ported the relationship between CA14 and TMEM 143, and the
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pathogenesis of arterial aneurysm. Their function in aneurysm
development needs to be further explored.

The top 10 nodes of the PPl network were OR1J2, OR2C1,
OR2LG3, OR2L13, OR4M1, OR4X1, OR51G1, OR51G2, OR52B2,
and OR52K2. They all belonged to the olfactory receptor (OR)
family. The olfactory receptor proteins were members of a
large family of G-protein-coupled receptors (GPCR) arising
from single coding-exon genes [34,35]. ORs are expressed
not only in the sensory neurons of the olfactory epithelium,
but also in various other tissues and play different roles [36].
There were some studies that reported the relationship be-
tween OR proteins and vessels, as well as vascular disease.
One research demonstrated that both OR proteins and GPCRs
were expressed in smooth muscle cells of small resistance ves-
sels, and the expression of OR proteins could also modulate
blood pressure [37]. Another research reported that OR pro-
teins and GPCRs were expressed in neutrophils and sympa-
thetic ganglia [38]. The relationship between the neurological
system and vascular disease was discussed earlier in this re-
port. There have also been studies that reported that OR pro-
teins could function as receptors for short chain fatty acids
(SCFAs), and SCFAs could induce vasodilation in both animals
and humans [39,40]. In our study, several genes belonging to
the OR family were identified. In consideration of their rela-
tionship with vessels and vascular disease, we deduced that
they might play a role in the development of TAA.

Conclusions

In conclusion, bioinformatics methods could identify significant
biological processes and genes related to diseases. KRTDAP,
BICD, and genes in the OR family might play an important role
in TAA. Our results might help provide a significant reference
for the diagnosis, prevention, and treatment of TAA. However,
further research is still needed to confirm our conclusion.

Conflict of interest
None.
Acknowledgements

We would like to thank all the members of our research group
for their enthusiastic participation in this study.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




LiH. et al.:
Identification of key genes related to thoracic aortic aneurysm
© Med Sci Monit, 2018; 24: 1533-1539

References:

—

N

w

S

S

[=))

~

o=}

O

10.

11

12.

13.

14.
15.

16.

17.

18.

19.
20.

. Ghansah JN, Murphy JT: Complications of major aortic and lower extremi-

ty vascular surgery. Semin Cardiothorac Vasc Anesth, 2004; 8(4): 335-61

. Martufi G, Gasser TC, Appoo JJ, Di ME: Mechano-biology in the thoracic aor-

tic aneurysm: a review and case study. Biomech Model Mechanobiol, 2014;
13: 1-12

. Shen M, Lee J, Basu R et al: Divergent roles of matrix metalloproteinase 2

in pathogenesis of thoracic aortic aneurysm. Arterioscler Thromb Vasc Biol,
2015; 35: 888-98

. Ziganshin BA, Bailey AE, Coons C et al: Routine genetic testing for thorac-

ic aortic aneurysm and dissection in a clinical setting. Ann Thorac Surg,
2015; 100: 1604-11

. Robertson E, Dilworth C, Lu Y et al: Molecular mechanisms of inherited tho-

racic aortic disease — from gene variant to surgical aneurysm. Biophys Rev,
2015; 7: 1-11

. Wang S, Zhang X, Yuan Y et al: BRG1 expression is increased in thorac-

ic aortic aneurysms and regulates proliferation and apoptosis of vascular
smooth muscle cells through the long non-coding RNA HIF1A-AS1 in vitro.
Europ J Cardiothorac Surg, 2015; 47: 439-46

. Mckellar SH, Tester DJ, Majumdar R et al: Q5234. TGFBR2 mutation in non-

syndromal thoracic aortic aneurysms. J Surg Res, 2008; 144: 360

. Stransky B, Galante P: Application of bioinformatics in cancer research. An

Omics Perspective in Cancer Research, 2010; Chapter 12: 211-33

. Smyth GK: Linear models and empirical bayes methods for assess-

ing differential expression in microarray experiments. Stat Appl Genet Mol
Biol, 2004; 3: Article3

Dennis G, Sherman BT, Hosack DA et al. DAVID: Database for annotation,
visualization, and integrated discovery. Genome Biol, 2003: P3

Szklarczyk D, Franceschini A, Kuhn M et al: The STRING database in 2011:
functional interaction networks of proteins, globally integrated and scored.
Nucleic Acids Res, 2011; 39: D561-68

Franceschini A, Szklarczyk D, Frankild S et al: STRING v9.1: Protein-protein
interaction networks, with increased coverage and integration. Nucleic
Acids Res, 2013; 41: D808-15

Morisaki H, Akutsu K, Ogino H et al: Mutation of ACTA2 gene as an impor-
tant cause of familial and nonfamilial nonsyndromatic thoracic aortic an-
eurysm and/or dissection (TAAD) Human Mutation, 2009; 30: 1406-11

Singleton P: Bacteria in biology, biotechnology and medicine. 2004; 34: 84

Luneva OG, Brazhe NA, Maksimova NV et al: lon transport, mem-
brane fluidity and haemoglobin conformation in erythrocyte from pa-
tients with cardiovascular diseases: Role of augmented plasma cholester-
ol. Pathophysiology, 2007; 14: 41-46

Lee PC, Rhee RY, Gordon RY et al: Management of splenic artery aneurysms:
The significance of portal and essential hypertension. ) Am Coll Surg, 1999;
189: 483-90

Nagayama Y, Kusudo K, Imura H: A case of central nervous system lupus
associated with ruptured cerebral berry aneurysm. Jpn J Med, 1989; 28:
530-33

Marrett LD, Ellison LF, Dryer D: Canadian cancer statistics at a glance:
Mesothelioma. CMAJ, 2008; 178: 677-78

Laurent S: Neurohumoral control of the vascular system. Springer US, 1999

Huang J, Parmacek MS: Modulation of smooth muscle cell phenotype: The
other side of the story. Circ Res, 2012; 111: 659-61

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

LAB/IN VITRO RESEARCH

. Johansson |, Kjellbom P: Water transport activity of the plasma membrane

aquaporin PM28A is regulated by phosphorylation. Plant Cell, 1998; 10:
451-59

Prieto |, Villarejo AB, Segarra AB et al: Tissue distribution of CysAP activi-
ty and its relationship to blood pressure and water balance. Life Sci, 2015;
134:73-78

Corti R, Burnett JC Jr, Rouleau JL et al: Vasopeptidase inhibitors: A new ther-
apeutic concept in cardiovascular disease? Circulation, 2001; 104: 1856-62

Barakat Al: Blood flow and arterial endothelial dysfunction: Mechanisms
and implications. Comptes Rendus Physique, 2013; 14: 479-96

Kato T, Takagi H, Sekino S et al: Dorsalis pedis artery true aneurysm due
to atherosclerosis: case report and literature review. J Vasc Surg, 2004; 40:
1044-48

Terawaki S, Ootsuka H, Higuchi Y, Wakamatsu K: Crystallographic character-
ization of the C-terminal coiled-coil region of mouse Bicaudal-D1 (BICD1).
Acta Crystallogr F Struct Biol Commun, 2014; 70(Pt 8): 1103-6

Mangino M, Brouilette S, Braund P et al: A regulatory SNP of the BICD1
gene contributes to telomere length variation in humans. Hum Mol Genet,
2008; 17: 2518-23

Oeseburg H, de Boer RA, van Gilst WH, Van dHP: Telomere biology in healthy
aging and disease. Pflugers Arch, 2010; 459: 259-68

Butt HZ, Atturu G, London NJ et al: Telomere length dynamics in
vascular disease: A review. Eur J Vasc, 2010; 40: 17-26

Huzen J, de Boer RA, van Veldhuisen DJ et al: The emerging role of telo-
mere biology in cardiovascular disease. Front Biosci (Landmark Ed), 2010;
15: 35-45

Ellison LF, De P, Mery LS, Grundy PE, Canadian Cancer Society’s
Steering Committee for Canadian Cancer Statistic: Canadian cancer statis-
tics at a glance: Cancer in children. CMAJ, 2009; 180: 422-24

Nordfjall K, Eliasson M, Stegmayr B et al: Telomere length is associated
with obesity parameters but with a gender difference. Obesity, 2008; 16:
2682-89

Atturu G, Brouilette S, Samani NJ et al: Short leukocyte telomere length
is associated with abdominal aortic aneurysm (AAA). Eur J Vasc Endovasc
Surg, 2010; 39: 559-64

Entrezgene: OR6A2 olfactory receptor, family 6, subfamily A, member 2
[Homo sapiens (human)]. 17 Olfactory Receptor

Receptor 00, NCBI mGG: OR14A16 olfactory receptor, family 14, subfami-
ly A, member 16 — Gene — GTR — NCBI

Neuhaus EM, Zhang W, Gelis L et al: Activation of an olfactory receptor inhib-
its proliferation of prostate cancer cells. J Biol Chem, 2009; 284: 16218-25

Pluznick JL, Protzko RJ, Gevorgyan H et al: Olfactory receptor responding
to gut microbiota-derived signals plays a role in renin secretion and blood
pressure regulation. Proc Natl Acad Sci USA, 2013; 110: 4410-15

Kimura |, Inoue D, Maeda T et al: Short-chain fatty acids and ketones di-
rectly regulate sympathetic nervous system via G protein-coupled recep-
tor 41 (GPR41). Proc Natl Acad Sci USA, 2011; 108: 8030-35

Nutting CW, Islam S, Daugirdas JT: Vasorelaxant effects of short chain fat-
ty acid salts in rat caudal artery. Am J Physiol, 1991; 261: H561-67

Mortensen FV, Nielsen H, Mulvany MJ, Hessov I: Short chain fatty acids di-
late isolated human colonic resistance arteries. Gut, 1990; 31: 1391-94

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



