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Low expression of integrin signaling pathway
genes is associated with abdominal aortic
aneurysm: a bioinformatic analysis by WGCNA
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Abstract. - OBJECTIVE: An abdominal aortic an-
eurysm (AAA) is a potentially fatal disease asso-
ciated with a high risk of rupture. AAA is patho-
logically distinguished by atherosclerotic throm-
bosis, immune cell infiltration, smooth muscle cell
apoptosis, and extracellular matrix degradation.
Given that there are no effective target treatments,
once ruptured, AAA leads to high mortality with
few long-term survivors. The goal of this study is
to identify novel key pathways and hub genes in-
volved in AAA formation with the aim of providing
promising therapeutic targets for AAA.

MATERIALS AND METHODS: The transcriptome
sequencing matrix of GSE47472 and GSE57691 were
obtained from the GEO database. These datasets
were further merged for differential expression anal-
ysis, weighted gene co-expression network analysis
(WGCNA), and functional enrichment analysis in R
(v4.0.2). A co-expression network was constructed
with Cytoscape (v3.8.0) to generate the top 30 hub
genes. Hub Genes with high clinical traits and po-
tential values were further verified using a receiv-
er operating characteristic (ROC) curve and gPCR
analysis.

RESULTS: A total of 745 differentially expressed
genes were screened and 14 gene co-expres-
sion modules were established. Among these 14
modules, pink modules with a total of 118 genes
showed the strongest correlation with AAA patho-
genesis. Subsequently, 78 genes associated with
a highly relevant clinical trait and the top 30 hub
genes were intersected to generate 22 genes. Gene
ontology functional enrichment analysis of the 22
genes revealed abnormal expression of genes re-
lating to cell-matrix adhesion and integrin-mediat-
ed signaling pathway. LAMAS, ITGAS8, ITGA1, and
FERMT2 were associated with the integrin-medi-
ated signaling pathway and cell-matrix adhesion
while ACTN1 and CX3CL1 were simply associated
with the latter. Low expressions of LAMA5, ACTN1,
ITGAS8, ITGA1, and FERMT2 were further verified
through qPCR in a mouse model of AAA.

CONCLUSIONS: Low expression of partial
genes in the integrin signaling pathway was im-
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plicated in the function loss of mediated cell-ma-
trix adhesion, which may offer novel targets for
therapeutic intervention against AAA.
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Introduction

Abdominal aortic aneurysm (AAA) refers to the
permanent dilation (> 50%) of the abdominal aorta
from the diaphragm to the common iliac artery'. As
the most common type of life-threatening aneurysms,
AAA is more likely to occur in men, smokers, and
in the elderly. Population-based ultrasound screen-
ing studies have shown that AAA occurs in 4-7% of
men aged 65 or older and in 1-2% of women?. The
vascular wall structure of a dilated abdominal aorta is
vulnerable and is apt to spontaneous rupture, which
may rapidly lead to death. The risk of AAA rupture
increases with diameter. Even after receiving emer-
gent treatment, the 3-year mortality rate following an
AAA rupture remains at 48% for endovascular repair
and 56% for open repair’. However, during the past
20 to 30 years, mortality after an AAA has decreased
significantly in Western countries, mainly due to the
government control of tobacco®.

The underlying mechanisms of AAA pathology
are multifactorial, relating to environmental, genet-
ic, and biochemical factors. The main pathological
manifestations include atherosclerotic thrombosis?,
immune cell infiltration, smooth muscle cells apop-
tosis, and extracellular matrix (ECM) degradation®.
Destruction of aortic wall integrity is the principal
cause of AAA. Matrix metalloproteinases (MMPs)
can promote degradation of the ECM in AAA.
Studies’ have shown that expression of MMP-1,
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-2,-3,-9,-12, and -13 was upregulated in AAA tis-
sue by the JNK and JAK/stat signaling pathways,
resulting in the degradation of collagen, elastin,
ECM glycoprotein, and proteoglycan in the aortic
wall. Although high expression of ADAMTS-1 in
AAA® and ADAM-17 in the endothelium and ad-
ventitia of the aorta’ has been reported, it remains
unclear yet whether other family members of dis-
integrins and metalloproteinases with the thrombo-
spondin motifs (ADAMTSs) are involved in AAA
formation. Low density lipoprotein receptor-asso-
ciated protein 1 (LRP1) is an important component
involved in maintenance of the aortic wall integ-
rity through regulation of HTRA1 and connective
tissue growth factor'’. Deletion of LRP1 in the
vascular smooth muscle cells (VSMCs) can aggra-
vate Angll-induced ascending aortic aneurysms!'!.
In AAA, VSMCs can switch from a contractile
(healthy) state to a synthetic (diseased) state, trig-
gering excessive ECM production, aortic sclerosis,
and pro-inflammatory signaling molecules. The
transforming growth factor- (TGFp) signaling
pathway is the chief mechanism involved in the
synthesis of extracellular matrix protein, elastin,
and collagen in the aorta. Studies'? have shown that
TGF-B is protective for AAA formation.

Weighted gene co-expression network analy-
sis (WGCNA) is a commonly used bioinformatic
method, which can be used to identify gene clusters
with similar expression patterns and to link gene
expression profiles to clinical characteristics'®. In
this study, we sought to identify central modules
and hub genes for AAA through WGCNA anal-
ysis, and to further validate our findings in vivo.
Our findings may advance the understanding of
AAA pathogenesis and aid identification of novel
therapeutic targets.

Materials and Methods

Data Sources

The human abdominal aortic aneurysm tran-
scriptome sequencing dataset was downloaded
from GEO (Gene Expression Omnibus) database.
GSE47472 (containing 14 AAA samples and 8
normal abdominal aorta samples) and GSE57691
(including 49 AAA samples and 10 normal ab-
dominal aorta samples) were downloaded and an-
alyzed for differentially expressed genes (DEGs).
GSE47472 and GSE57691 were sequenced on the
[lumina HumanHT-12 V4.0 Expression BeadChip
(GPL10558) platform. The experimental groups in
the datasets contained specimens of human AAA
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while the control groups contained samples of do-
nated normal abdominal aorta. All data analyses
were processed on R (v4.0.2).

DEG Analysis

Raw files were first processed using the Limma
package. The merged expression matrices of the
two chips were processed with RemoveBatchEffect
function to remove the batch effect. The screening
criteria for DEGs were false discovery rate (FDR)
<0.05 and log of fold change (logFC) >0.6.

Construction of Co-Expression Network

Genes with the top 20% median absolute de-
viation (MAD) value were filtered to identify the
co-expression network. The expression matrix
was checked by GoodSamplesGenes function for
missing values. Subsequent cluster analyses and
cluster tree diagrams were conducted and gener-
ated, respectively, to check for outliers. An appro-
priate soft threshold power f was generated using
the pickSoft threshold function in the WGCNA R
package to ensure a scale-free network.

GO Enrichment Analysis

Gene Ontology (GO) enrichment analysis was
performed using Clusterprofiler package' for the
genes within modules and DEGs. GO analysis was
conducted in three aspects: biological processes
(BP), cellular components (CC), and molecular
functions (MF). p-values <0.05 were deemed to
be statistically significant. This study focused on
genes with high connectivity correlating to clinical
traits in each module.

Hub Gene Screening and Efficacy
Evaluation

As the first principal component of each mod-
ule, module eigengenes (MEs) feature the expres-
sion pattern of the whole module. Pearson cor-
relation coefficient was computed between MEs
and sample characteristics to reveal key modules
with clinical significance. Correlation coefficients
> 0.3 and p-values < 0.05 were validated as the
thresholds of screening key modules. Gene sig-
nificance (GS) refers to the Pearson correlation
coefficient value between gene expression and the
corresponding phenotype. Module membership
(MM) refers to the Pearson correlation coefficient
value between MEs and certain gene expressions.
GS represents the connectivity between gene and
phenotype, while MM represents the connectiv-
ity between gene and module. GS and MM are
highly linked in the identification of hub genes.
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Genes with  MM]| > 0.8 and |GS[> 0.2 were selected
and imported into Cytoscape (v3.8.0) to construct
a co-expression network. The Cytohubba plugin
identified the top 30 hub genes within the network.
Subsequently, receiver operating characteristic
(ROC) curves were plotted to yield area under
the curve (AUC) values using the pROC package.
Genes with an AUC > 0.7 were considered valu-
able for predicting which would be useful for fur-
ther verification by qPCR experiments.

Generating a Mouse Model of AAA

Male C57/BL6J mice aged 8-10 weeks (pur-
chased from laboratory animal center of Shanxi
Medical University) were anesthetized with ether
inhalation. First, a ventral midline incision was
made through the abdominal skin and muscles.
Intraperitoneal organs (mainly the colon) were ex-
posed and gently pushed to the right side, covered
with wet gauze soaked in 0.9% (v/v) saline. The
fascia surrounding the inferior vena cava and ab-
dominal aorta was carefully located and dissected
to avoid venous injury and significant bleeding.
Gelatin sponge (1 mm * 1 mm * 5 mm) dipped
in elastase solution (100 mg/ml) was then placed
on the infrarenal aorta for 20 minutes. The control
group was treated with a gelatin sponge dipped
in 0.9% (v/v) saline. After removing the sponge,
peritoneal lavage was performed with 0.9% (v/v)
saline at 37°C three times. Muscle and skin were
sutured with 6-0 nylon sutures following reset of
abdominal organs. Mice were placed on a heating
pad for recovery post-surgery. Mice were fed by
0.2% (v/v) 3-aminopropionitrile fumarate (BAPN).
Development of AAA was confirmed through lap-
arotomy 7 days later. The model was considered
to be successful if the diameter of aneurysm in-
creased by more than 50%.

Validation of Hub Genes

Quantitative Polymerase Chain Reaction
(gPCR) was used to detect expression of hub
genes in the mouse model. Mice were sacrificed
7 days post-surgery and the abdominal aorta was
carefully separated from connective tissue on the
surface, making sure to avoid injury to the arterial
adventitia. Mice were transcardially perfused with
0.9% (v/v) saline. Blood samples were collected
from the abdominal artery lumen for total RNA
extraction. RNA was extracted using the Tiangen
RNA Simple Total RNA Kit. Subsequently, reverse
transcription was conducted with extracted total
RNA (1 pg) using PrimeScript RT Master Mix
(RRO36A, Takara). Amplification was performed

using SYBR Green Premix (RR420A, Takara).
NADPH was used as the internal reference. A
Kolmogorov-Smirnov test was used to validate
the normality of data distribution and an indepen-
dent-sample 7-test was used to validate any sig-
nificant differences between the AAA and sham
groups using the AACT method. p-values < 0.05
were considered statistically significant. The study
cascade is illustrated in Figure 1 and qPCR primers
used in this work are listed in Table 1.

Results

DEG Analysis

Profiles of GSE47472 (including 14 AAA sam-
ples and 8 aorta donor samples) and GSE57691
[including 49 AAA samples, 9 aortic occlusive
disease (AOD) samples, and 10 aorta donor sam-
ples] were downloaded. The profiles of the AOD
samples in GSE57691 were deleted. Following
preprocessing and standardization, an expression
matrix of 81 samples and 19,140 genes was even-
tually acquired. The cluster dendrogram was con-
structed based on cluster analysis on all samples
(Figure 2A). The height of threshold was set as 50
and no outlier samples were detected. Therefore,
all samples were included in the subsequent analy-
sis. Subsequently, 745 DEGs were filtered through
differential expression analysis, which resulted in
the identification of 83 up- and 662 downregulated
genes (Figure 2B, C).

Co-Expression Network

When the threshold of the Pearson correlation
coefficient was set at [+0.9|, average connectivity
reached the highest at a soft-thresholding pow-
er of 4 (Figure 3A). We constructed 14 co-ex-
pression modules using the blockwise Modules
function (min module size = 30, deep split = 3)
(Figure 3B). The turquoise module contained the
most co-expressed genes (1506 DEGs), followed
by the blue module with 1016 DEGs. All 14
modules have mutually independent functions
(Figure 3C).

Key Module and Hub Genes

The association between each module and
clinical features (AAA formation) was evaluated
by GS of MEs. The pink module showed high as-
sociation with AAA formation (p =4 x 10?) (Fig-
ure 4A). The pink module is hereafter referred to
as the key module in subsequent analyses (Figure
4B). Next, 78 out of 114 genes were filtered as
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Figure 1. Study cascade illustrating how genes were screened and which analyses were conducted.

|GS|> 0.2 and [IMM] > 0.8 in the pink module. A
topological overlap matrix TOM plot was gener-
ated and it showed strong internal intercorrela-
tions among the 78 genes (Figure 4C). Genes in
the pink module were imported into Cytoscape

Table I. Primers used in Q-PCR.

Genes Sequences

Actnl-F GGTCATCTCAGGTGAACGCTTGG
Actnl-R ACCCCTTTGCTGGCTATGAAATCC
Fermt2-F TGGACGGGATAAGGATGCCA
Fermt2-R TGACATCGAGTTTTTCCACCAAC
Itga8-F CGAAGCCGAACTCTTTGTTATCA
Itga8-R GGCCTCAGTCCCTTGTTGT
Itgal-F CCTTCCCTCGGATGTGAGTCA
Itgal-R AAGTTCTCCCCGTATGGTAAGA
Lama5-F GCGTGTGTTTGACCTACACCA
Lama5-R GGTCTCGATGAGTTGGGCTG
Cx3cll-F ACGAAATGCGAAATCATGTGC
Cx3cll-R CTGTGTCGTCTCCAGGACAA

(v3.8.0) using the exportNetworkToCytoscape
function (threshold=0.1) to construct a co-ex-
pression network. The top 30 hub genes in the
network were identified using Plugin Cytohubba
(MNC) (Figure 5C).

GO Functional Enrichment Analysis

GO enrichment was conducted for 78 trait-re-
lated genes as well as for the top 30 hub genes.
We found that 78 trait-related genes were mainly
enriched in (1) muscle cell proliferation, differen-
tiation, and development; (2) adhesion/junctions
between cells and the matrix, and focal adhesion;
(3) actin binding, actin filament binding, and actinin
binding (Figure 5A). The top 30 hub genes were
mainly enriched in (1) cell-matrix adhesion and fo-
cal adhesion; (2) actin binding and actin filament or-
ganization; and (3) the integrin-mediated signaling
pathway (Figure 5B). Subsequently, 22 genes were
identified through intersection of 78 trait genes and
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Figure 2. A, Cluster analysis for all AAA samples and donor aorta samples indicated no outliers. B, Volcano plot of differential

expression analysis showed that downregulated genes were significantly fewer than upregulated genes. C, Heatmap of all genes.

From blue to red, the color illustrates the transition from low to high gene expression, respectively.
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Figure 4. A, Heatmap of correlation between modules and AAA/normal aorta. Among 14 modules, the pink module exhibited the strongest correla-
tion. B, Scatter plot illustrating the correlation between module membership (MM) and gene significance (GS) of each gene in the pink module. C,
TOM plot of 78 genes with high MM and GS.
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30 hub genes. Follow-up enrichment analyses on
these 22 genes agreed with previous results from
analysis of the hub genes (Figure 5D).

Analyses showed aberrant expression of genes
relating to muscle cell proliferation, differentiation,
and growth. This is in agreement with AAA pathol-
ogy, which includes the atrophy and apoptosis of
vascular smooth muscle. Furthermore, genes with
high clinical significance and high network cen-
trality were associated with the integrin-mediated
signaling pathway and cell-matrix adhesion, indi-
cating the potential involvement of both pathways
in AAA pathogenesis.

Hub genes enriched in cell-matrix adhesion in-
cluded LAMAS, ACTNI, CX3CLI, ITGAS, ITGAI,
and FERMT?2. Moreover, genes enriched in the inte-
grin-mediated signaling pathway included LAMAS,
ITGAS, ITGAI, and FERMT2. We observed a
significant overlap between these two functional
clusters, suggesting that the integrin-mediated sig-
naling pathway may be involved in activation of
focal adhesion, or in other words, the activation of
cell-matrix adhesion. However, it is important to
note that direct evidence implicating these genes in
AAA formation is currently lacking. AUC values
of LAMAS, ACTNI, CX3CLI1, ITGAS, ITGAI, and
FERMT?2 were plotted, and all found to be above 0.7
(Figure 6). Consequently, we selected these genes
for subsequent experimental validation.

Validation in the Mouse Model of AAA
We successfully generated a mouse model of
AAA with enlarged abdominal aorta exceeding 50%
(Figure 7A). This model mimicked the main patho-
logical and morphological features of human AAA.
For instance, destruction of arterial elastic layer and
apoptosis of smooth muscle cells. Expression levels
of corresponding genes were: LAMAS = 0.068, p =
0.01, n =3; ACTNI =0.22,p=0.043,n=4; IGTAS
=0.156,p=0.010,n=4; IGTAI =0.22, p = 0.030,
n=4; FERMT2 =0.11,p = 0.032,n=3; CX3CL =
4.15,p=0.016, n =4 (Figure 7B). Low expression
of LAMAS, ACTNI, ITGAS, ITGAI, and FERMT?2
in mouse AAA tissue was successfully verified at
the mRNA level compared to normal abdominal
aorta tissue. However, the expression level of CX-
3CL is the opposite of the level suggested by the
sequencing data (logFC = -0.603, adj.p = 0.011)

Discussion

Based on the GSE47472 and GSE57691 data-
sets, we conducted differential expression analysis,

weighted gene co-expression network analysis,
and functional enrichment analysis. From this, we
successfully constructed 14 co-expression network
modules. We found that the pink module showed
the strongest correlation with AAA. As such, this
was identified as the key module, and 30 hub genes
were screened out from the pink module. Subse-
quently, 22 genes out of 30 hub genes showed high
clinical significance. Among them, LAMAS, ACTNI,
CX3CLI, ITGAS, ITGA1, and FERMT?2 were en-
riched in the integrin-mediated signaling pathway
and cell-matrix adhesion. Furthermore, these genes
showed a high predictive value. With the exception
of CX3CL1, the low expression of LAMAS5, ACTNI,
ITGAS, ITGAI, and FERMT?2 were later verified in
the mouse AAA model. Thus, based on these data,
we hypothesize that inactivation of the integrin-me-
diated signaling pathway and cell-matrix adhesion
may be implicated in AAA formation.

Summary of LAMAS5, ACTN1, ITGAS,
ITGA1, and FERMT2

LAMAS (laminin a5) is an extracellular ma-
trix glycoprotein in the basement membrane and
is involved in mediating migration, growth, and
differentiation of various cell types and cell-matrix
adhesion. Deletion mutations in LAMAS5 can inhibit
the B1 integrin signaling pathway through atypical
kinase Pyk2 and Src kinases, thereby impairing
focal adhesion formation'.

ACTNI encodes o-actinin-1, a cytoskeletal protein
belonging to the filamentous actin (F-actin) crosslink-
ing protein family'¢. In addition, a-actinin-1 is ex-
pressed at cell-matrix adhesion sites, cellular protru-
sions, and stress fiber dense regions and acts to bridge
cytoskeleton and adhesion proteins'’. Further, a-acti-
nin-2 (ACTN2) and -3 (ACTN3) are subtypes specifi-
cally expressed in skeletal muscle cells. Studies have
shown that ACTN1, which is widely expressed in var-
ious cells, is anchored to muscle cell membranes and
is enriched in the ends of microfilament bundles'®.
ACTNI also bridges the cadherin—catenin complex to
cytoskeletal actin'®. Some clinical studies®*?! revealed
that ACTNI expression is associated with tumor pro-
liferation and metastasis by suppressing the Hippo
signaling pathway.

FERMT? encodes integrin interacting protein 2
(kindlin-2), which is localized on cell-matrix ad-
hesion sites?’. The kindlins family is characterized
by a C-terminal FERM domain. Kindlin-binding
proteins (e.g., integrin-linked kinase (ILK), migfi-
lin, integrin, and talin) are essential components
in cell-matrix adhesion. On the cytoplasmic side,
kindlin-2 directly binds to cytoplasmic tails of
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Figure 6. ROC curve of six genes related to the integrin signaling pathway and cell-matrix adhesion. All six genes had AUC values above 0.7.
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the integrin § subunit and activates integrin under
synergistic interaction with talin®*-?*, Kindlin-2 can
also activate the outside/inside integrin pathway
by recruiting paxillin to the junction of the cyto-
plasm and membrane, eventually initiating focal
adhesion (FA) assembly?. Consequently, kindlin-2
can facilitate cytoskeletal reorganization caused
by cell-matrix adhesion. Furthermore, FERMT?2
is highly expressed in non-small cell carcinoma.
Studies have shown that FERMT?2 promotes in-
vasion and metastasis of cancer cells via upregu-
lation of cell adhesion?’. FERMT?2 is also thought
to play key roles in muscle development and can
regulate muscle cell differentiation through the
Wnt/B-catenin signaling pathway. Knockdown of
kindlin-2 in endothelial cells results in impaired in-
tegrin-mediated cell-matrix adhesion to fibrinogen
and vitronectin. Knockdown of FERMT2 can lead
to reduced expression of Myhll, a-SMA, and CNN,

resulting in myofibril shortening, myofibril rup-
ture, and decreased smooth muscle contractility®®.
CX3CL1 is a membrane-bound chemokine that
mediates cell-cell adhesion, cell-matrix adhesion,
as well as the immune/inflammatory response®*-°.
As an adhesion molecule, CX3CLI regulates adhe-
sion of immune cells to vascular endothelial cells,
thereby activating inflammatory response. This
provides a plausible explanation for the inconsis-
tency we observed between CX3CLI expression
in human sequencing data and murine specimens.
Seven days after elastase treatment, the abdominal
aorta of mice in this study was still in the acute
inflammatory phase, while the human AAA speci-
mens were in the chronic inflammatory phase.

Integrins and Cell Adhesion
Integrins play major roles in cell-matrix ad-
hesion®'. Integrin-mediated cell-matrix adhesion

-AACT

Eﬂl}ﬂl} ...... |

*

|_| B3 AAA model
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Bl Control

1 1 1 | 1 1
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Genes related to cell-matrix adhesion

Figure 7. A, Mouse elastase-induced AAA model (right) and normal aorta from sham group (left). B, qPCR confirmed low
expression of IGTA1, LAMAS, FE2, ACTN1, and IGTAS (p < 0.05). In contrast to the sequencing profile, CX3CLI expression

was upregulated in mouse AAA tissue.
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can provide support for the maintenance of vas-
cular morphology*?. Being composed of various
adhesion proteins, integrin adhesion complexes
(IACs) include focal complexes, FAs, and fibrillar
adhesions®. IACs bind to cell membrane jointing
ECM-bound integrins and intracellular cytoskeletal
filaments. As o/B-heterodimeric transmembrane re-
ceptors, the integrin family consists of an intracellu-
lar tail domain and extracellular ligand-binding do-
main*. In the resting state, the ligand-binding sites
of integrin are covered by two subunits, contributing
to a low-affinity state. After being activated by in-
ternal or external signals, conformational changes
are induced in integrin thoroughly exposing the li-
gand-binding sites, transforming it into a high-affin-
ity state. The strong binding between integrins and
ECM glycoproteins (e.g., fibronectins, collagens,
and laminins) help to maintain stable cell adhesion*.
Further, activated integrins interact with the FERM
domain of focal adhesion kinase (FAK), triggering
FAK phosphorylation and FA assembly.

Potential Roles of FA and Cell-Matrix
Adhesion in AAA Formation

Cell stiffness and adhesion characteristics of
VSMC are thought to be significant factors involved
in the maintenance of overall artery stiffness®. Ad-
hesive force refers to the strength required to break
the probe binding ECM proteins and cell mem-
branes. VSMC-ECM adhesion involves collagen,
elastin, adhesion proteins, integrin receptors, and
FA. In the ECM, in combination with actomyosin of
the smooth muscle cytoskeleton, integrin and FA are
the most important structures in the VSMC-ECM
interaction. Proteomic investigations have shown
that high expression of cytoskeleton and FA com-
plexes in vascular smooth muscle led to increased
elasticity in the thoracic aorta. A decrease in FA sites
reduces the stiffness of the abdominal aortic wall,
thereby contributing to aortic dilations.

We assume that low expression of adhesion
molecules may break the tight junction between
endothelial cells. In this case, inflammatory cells
in circulation can then migrate to and accumulate
in the extracellular matrix. The reduction in the
interconnection between VSMCs also promotes di-
lation of aortae under high blood pressure leading
to formation of an aneurysm. Biros et al* reported
transcriptome sequencing data of 49 AAA samples,
9 AOD samples, and 10 normal aorta samples. The
authors conducted KEGG pathway enrichment
analysis for up- and downregulated genes. Highly
expressed genes in AAA were found to be enriched
in immune-related pathways (interaction of cyto-
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kines and cytokine receptors, chemokine signaling
pathways, and T cell receptor signaling pathways),
indicating an overactive immune response and im-
mune cell recruitment. The downregulated genes
were enriched in metabolic pathways, FA, and
smooth muscle contraction, indicating a limited
smooth muscle cell contractility. The upregulated
expression of CTLA4, NKTR, and CD8a was fur-
ther confirmed by qPCR. In addition, CTLA4 was
highly expressed in small-diameter human AAA,
while CD&a was highly expressed in large-diam-
eter human AAA. NKTR was highly expressed in
both small- and large-diameter AAA.

Conclusions

The key genes in the integrin-mediated signal-
ing pathway that regulates the cell-matrix (LAMAS,
ACTNI, ITGAS, ITGAI, and FERMT?2) are down-
regulated in AAA. The loss of cell-matrix adhesion
reduces the stiffness of the abdominal aortic wall,
which contributes to aortic dilations.
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