
Journal of the American Heart Association

J Am Heart Assoc. 2021;10:e019900. DOI: 10.1161/JAHA.120.019900 1

 

ORIGINAL RESEARCH

Deficiency of ITGAM Attenuates 
Experimental Abdominal Aortic Aneurysm 
in Mice
Min Zhou, MD, PhD*; Xia Wang, MD*; Yiqin Shi, MD, PhD*; Yong Ding, MD; Xu Li, MD; Tianchen Xie, MD; 
Zhenyu Shi, MD, PhD; Weiguo Fu , MD, PhD

BACKGROUND: Integrin αM (CD11b), which is encoded by the Integrin Subunit Alpha M (ITGAM) gene, is not only a surface 
marker of monocytes but also an essential adhesion molecule. In this study, we investigated the effect of CD11b on experi-
mental abdominal aortic aneurysm and the potential underlying mechanisms.

METHODS AND RESULTS: The incidence of abdominal aortic aneurysm was not significantly lower in ITGAM(- /- ) mice than in 
control mice. Nevertheless, knockout of CD11b reduced the maximum abdominal aortic diameter, macrophage infiltration, 
matrix metalloproteinase- 9 expression, and elastin and collagen degradation. Additionally, lower expression of IL- 6 was found 
in both the peripheral blood and abdominal aortas of ITGAM(- /- ) mice, indicating a biological correlation between CD11b and 
the inflammatory response in abdominal aortic aneurysm. In vitro, the number of ITGAM(- /- ) bone marrow– derived mac-
rophages (BMDMs) that adhered to endothelial cells was significantly lower than the number of wild- type BMDMs. Moreover, 
the CD11b monoclonal antibody and CD11b agonist leukadherin- 1 decreased and increased the number of adherent wild- type 
BMDMs, respectively. Through RNA sequencing, genes associated with leukocyte transendothelial migration were found to 
be downregulated in ITGAM(- /- ) BMDMs. Furthermore, immunoprecipitation– mass spectrometry analysis predicted that the 
Akt pathway might be responsible for the impaired transmigratory ability of ITGAM(- /- ) BMDMs. The reduced activation of Akt 
was then confirmed, and the Akt agonist SC79 partially rescued the transendothelial migratory function of ITGAM(- /- ) BMDMs.

CONCLUSIONS: CD11b might promote the development and progression of abdominal aortic aneurysm by mediating the en-
dothelial cells adhesion and transendothelial migration of circulating monocytes/macrophages.
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Abdominal aortic aneurysm (AAA) is a common 
and life- threatening disease characterized by 
focal, permanent dilation and degradation of the 

aortic wall. In White people, population- based studies 
have found a prevalence of AAA ranging from 1.2% to 
3.3% in men older than 60 years.1 Currently, open sur-
gery and endovascular aortic repair are the first choices 
for the treatment of AAA, but these 2 established ther-
apies are associated with high postoperative morbidity 
and high risk of requiring reintervention, respectively.2 

Thus, extensive research on the underlying molecular 
mechanism of AAA is warranted to develop effective 
medical therapies.

Pathologically, AAA is considered a chronic in-
flammatory response that includes the infiltration of 
macrophages into the media and adventitia, which 
is accompanied by the excessive secretion of proin-
flammatory cytokines and matrix metalloproteinases 
(MMPs).3,4 Notably, the first step in the infiltration 
of macrophages is the establishment of adhesive 
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interactions between circulating monocytes and vas-
cular endothelial cells (ECs), and these interactions 
are mediated by 2 families of molecules named se-
lectins and integrins.5 Targeting these cell adhesion 
molecules may favor the repression of monocyte/
macrophage recruitment and reduce the vascular 
inflammatory response. Ricci et al demonstrated 
that an anti- CD18 (integrin β2) monoclonal anti-
body could ameliorate the exacerbation of AAA by 
reducing monocyte infiltration.6 However, it remains 
unclear whether direct intervention targeting integrin- 
induced monocyte adhesion could attenuate exper-
imental AAA.

Mac- 1, as a member of integrins, is a heterod-
imeric protein composed of integrin αM (CD11b) and 
integrin β2. Of these molecules, CD11b is not only a 

surface marker of circulating monocytes but also me-
diates various cell functions, including adhesion, che-
motaxis, and migration.7 Moreover, CD11b contains 
an inserted domain that broadly contributes to the 
binding of Mac- 1 by many ligands, including intercel-
lular adhesion molecule- 1 and fibrinogen.8 Previously, 
several studies determined that the CD11b- mediated 
interaction between monocytes and ECs promoted 
neurovascular injury, lupus nephritis, and vascular in-
flammation.9– 12 Samadzadeh et al found higher levels 
of CD11b on circulating monocytes from patients with 
AAA compared with those on circulating monocytes 
from control subjects. In vitro, monocytes isolated from 
patients with AAA showed increased adhesion and 
transmigration activities, which were also positively as-
sociated with AAA diameter.13 Therefore, we hypoth-
esized that depleting CD11b might limit monocyte/
macrophage adhesion and transendothelial migration, 
reduce the inflammatory response, and promote vas-
cular remodeling.

In the present study, we first detected the CD11b 
content in human abdominal aortic specimens. The 
expression of CD11b was also examined during the 
progression of AAA in mice. Then, we determined 
whether CD11b modulates proinflammatory mediator 
production and macrophage infiltration and polariza-
tion during the formation and development of AAA in 
vivo. Finally, by isolating bone marrow– derived mac-
rophages (BMDMs) from Integrin Subunit Alpha M 
(ITGAM) (- /- ) and wild- type (WT) mice, we investigated 
the effect of CD11b on the cell viability, cell adhesion, 
and transendothelial migratory function of macro-
phages, as well as the underlying mechanisms.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Human Aortic Tissue Samples
According to a protocol approved by the Institutional 
Ethics Committees of Zhongshan Hospital, Fudan 
University (B2018- 040R), AAA tissue specimens were 
collected from 4 patients who underwent elective open 
surgery from March 2018 to September 2018. During 
the same time period, 4 nonaneurysmal abdominal 
aortic wall tissues were obtained from organ donors 
and used as controls. The clinical characteristics of 
the patients with AAA and organ donors are shown in 
Table S1. Written informed consent was obtained from 
all these patients and from the donors’ next- of- kin. 
Each aortic wall sample was divided into 2 portions: 
1 portion was stored in liquid nitrogen for subsequent 
protein and nucleic acid extraction, and the other 
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portion was fixed with 4% paraformaldehyde overnight 
and embedded in paraffin.

Experimental Animals
The animal study design was approved by the 
Institutional Animal Care and Use Committee at 
Fudan University (Figure  S1). All the experimental 
procedures were conducted in accordance with the 
National Institutes of Health guidelines for laboratory 
animals, and were performed at the animal facility of 
Zhongshan Hospital Fudan University. Because of 
the poor susceptibility to AAA in female animals, only 
8- week- old male mice were used for the establish-
ment of the AAA animal model throughout this study.14 
ITGAM transgenic mice on a C57BL/6J background 
were generously provided by Dr Yiqin Shi. Genotyping 
was performed using polymerase chain reaction (PCR) 
according to the Jackson Laboratory’s protocol. All the 
mice were kept on a 12- hour light/dark cycle and fed 
with normal chow.

CaCl2- Induced AAA Model
The mice were anesthetized by intraperitoneal injec-
tion of pentobarbital (50  mg/kg) before laparotomy. 
Then, the infrarenal abdominal aorta was exposed 
and isolated from the surrounding retroperitoneal 
tissues. The gross morphology of the abdominal 
aorta was recorded by video microscopy to meas-
ure the maximum diameters. Subsequently, gauze 
presoaked in 0.5 mol/L CaCl2 was used to wrap the 
dissected abdominal aorta for 15 minutes. The CaCl2 
solution was replaced with a 0.9% NaCl solution in 
the sham group. The abdominal cavities were rinsed 
with sterile saline before suturing. After the proce-
dure, the mice were allowed to recover on heated 
(37– 40℃) pads. The mice were observed daily for 
sudden death and euthanized 6 weeks after the es-
tablishment of the model for serum and histological 
analysis.

Enzyme- Linked Immunosorbent Assay
The concentrations of C- C motif chemokine ligand 2 
(CCL2), tumor necrosis factor- α (TNF- α), interleukin 6 
(IL- 6), and interleukin 1β in the mouse serum were eval-
uated using ELISA kits according to the manufacturer’s 
instructions (GuangRui, Shanghai, China). All the sam-
ples were analyzed in triplicate.

Histological and Immunohistochemical 
Analysis
During follow- up, necropsies were performed to de-
termine the cause of death if the mice died suddenly. 
The survival of the mice is presented using Kaplan– 
Meier curves. Six weeks after CaCl2 stimulation, the 

mice were euthanized, followed by perfusion with 
PBS. The entire aorta from the thoracic aorta to the 
bifurcation of the iliac artery was carefully dissected 
under a microscope. The segment of the abdominal 
aorta was photographed, and the maximum diam-
eter was recorded using Image- Pro Plus software 
(Media Cybernetics, Silver Spring, MD). The occur-
rence of AAA was defined as a >50% increase in the 
diameter of the abdominal aorta compared with that 
before intervention.

The harvested aorta was fixed in 4% parafor-
maldehyde for 24  hours, and the site of the maxi-
mal diameter was cut and embedded in paraffin. 
Histological analysis was performed in serial cross 
sections (5 μm each). Elastica Van Gieson staining 
and Masson trichrome staining were conducted to 
assess the elastin fragmentation and collagen con-
tent, respectively.15 An established standard for the 
elastin degradation scale was adapted: 1 indicated 
<25% degradation; 2 indicated 25% to 50% degra-
dation; 3 indicated 50% to 75% degradation; and 
4 indicated >75% degradation.16 The abundance of 
collagen in the aorta was quantified by the percent-
age of the positive area.

Serial paraffin sections were further subjected to 
immunohistochemical staining as described.17 The pri-
mary antibodies used were F4/80 (ab111101; Abcam, 
Cambridge, UK), MMP2 (ab86607; Abcam), MMP9 
(ab38898; Abcam), and rabbit IgG. A negative con-
trol group was established to confirm the specificity 
of antibody binding. Five random fields were imaged 
to count the number of F4/80- positive macrophages. 
The expression of MMP2 and MMP9 was assessed 
by 2 independent investigators who were blinded to 
the study design according to the intensity and range 
of immunostaining. The mean value of 5 sections from 
each animal was determined (n=6).

Cell Isolation and Culture
BMDMs were isolated from 7- week- old WT and 
ITGAM(- /- ) mice as previously described.18 In brief, the 
femur and tibia bones were cut and flushed with PBS 
under aseptic conditions. The cell suspension was fil-
tered through a 70- μm cell strainer into a new tube, 
and incubated with ammonium- chloride- potassium 
lysis buffer for 5 minutes to eliminate red blood cells. 
The remaining bone marrow– derived cells were resus-
pended in complete RPMI medium, treated with mac-
rophage colony- stimulating factor (20 ng/mL), and then 
seeded in a 10- cm petri dish. The media was changed 
every other day until day 7.

Primary mouse aortic ECs were obtained from 
aortic rings implanted in growth factor– reduced 
matrix with the endothelium facing down.19 When a 
large number of ECs emerged from the aorta, the 
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aortic segments were removed. The isolated cells 
were washed, incubated with neutral proteinase for 
20 minutes at 37°C, and resuspended in EC growth 
medium. The harvested ECs were continually cul-
tured in a dish coated with gelatin until they reached 
≈90% confluence. Cells in passages 2 to 3 were 
used for the experiments.

Cell Adhesion Assay
Mature BMDMs were fluorescently labeled with 
10 μmol/L calcein AM (Molecular Probes) for 30 min-
utes at 37℃ in the dark and washed twice with 
complete RPMI medium. Confluent primary mouse 
aortic ECs were pretreated with 1 μmol/L angiotensin 
II overnight, followed by coculture with 1  ×  106 la-
beled BMDMs for 30 minutes. Then, the nonadher-
ent cells were removed by washing with PBS 3 times. 
The adherent BMDMs were fixed with precooled 1% 
glutaraldehyde and observed under a fluorescence 
microscope. Five randomly selected fields were im-
aged and quantified by Image J software (National 
Institutes of Health). To block P selectin, the ECs were 
incubated with 10 μg/mL, 100 μg/mL, or 1000 μg/
mL fucoidan or vehicle for 10 minutes after angioten-
sin II stimulation. For the CD11b inhibition and activa-
tion experiments, BMDMs were mixed with 20 μg/
mL CD11b monoclonal antibody (ab133357, Abcam) 
and 10 μmol/L leukadherin- 1 (LA- 1) and incubated 
for 15 minutes and 2 hours, respectively, before they 
were added to the coated cells.

Cell Survival Assay
Cell apoptosis assays were performed using FITC- 
Annexin V and propidium iodide apoptosis kits.20 
Briefly, 1 × 105 BMDMs were harvested and suspended 
in 100 μL of Annexin V binding buffer containing 10 μL 
of propidium iodide and 5 μL of Annexin V- FITC. After 
incubation for 15 minutes at room temperature in the 
dark, 400 μL of Annexin V binding buffer was added. 
Then, the stained cells were analyzed by fluorescence- 
activated cell sorting Calibur flow cytometer.

Cell viability was measured at 24- hour intervals 
for 3  days using the Cell Counting Kit- 8. WT and 
ITGAM(- /- ) BMDMs were seeded into a 96- well plate 
at a density of 1 × 104 cells per well. After culturing 
for 22 hours, 46 hours, and 70 hours, 10 μL of Cell 
Counting Kit- 8 solution was added into each well. The 
BMDMs were further incubated for 2 hours in the dark. 
The cell viability rates were determined by measuring 
the absorbance at 450 nm using a microplate reader.

Cell Transendothelial Migration Assay
Primary mouse aortic ECs were precultured in mon-
olayers on Matrigel- coated Transwell inserts (8- μm 
pore size; Corning Costar, Cambridge, MA). After 

adhesion, the ECs were treated with 20  ng/mL 
TNF- α overnight and fixed with 1% paraformalde-
hyde. Then, 5 × 104 BMDMs were seeded on each 
Transwell insert, and 10 μmol/L CCL5 was added to 
the lower chamber. The entire setup was incubated 
for 16 hours, and the cells together with Matrigel in 
the upper chamber were gently removed by scrub-
bing. The transmigrated BMDMs on the lower side of 
the Transwell insert were fixed with 4% paraformal-
dehyde, stained with 0.5% crystal violet (Beyotime, 
Shanghai, China), and counted in 5 random fields. 
For rescue experiment, BMDMs were pretreated with 
the Akt agonist SC- 79 (10 μmol/L) for 24 hours be-
fore transfer.

Western Blot
Human and mouse aortic tissues or BMDMs were lysed 
in radioimmunoprecipitation buffer. The protein con-
centrations were evaluated using a BCA Protein Assay 
Kit (Thermo Scientific, Waltham, MA). Equal amounts 
of total protein were separated using 10% SDS- PAGE 
and transferred onto polyvinylidene difluoride mem-
branes (Millipore, Billerica, MA). After blocking, the 
membranes were probed with primary antibodies 
against CD11b (ab128797, Abcam), p53 (ab26, Abcam), 
caspase3 (ab1384, Abcam), Bax (ab32503, Abcam), 
Akt (4691, Cell Signaling Technology, Beverly, MA), p- 
Akt (4060, Cell Signaling Technology), β- actin (ab8226, 
Abcam), and GAPDH (ab9485, Abcam) at 4℃ over-
night. Then, the membranes were incubated with the 
appropriate horseradish peroxidase– conjugated sec-
ondary antibodies. The protein bands were detected 
by a chemiluminescence detection kit, and β- actin or 
GAPDH was used as a loading control. All the experi-
ments were independently conducted in triplicate.

Quantitative Real- Time PCR
Total RNA was extracted from the aortic tissues and 
BMDMs using TRIzol reagent (Invitrogen) follow-
ing the manufacturer’s instructions. Equal amounts 
of total RNA were then converted to cDNA using the 
PrimeScript RT Reagent Kit (Takara Biotechnology, 
Otsu, Japan) and primer sequences specific for the 
examined molecules. Real- time PCR was conducted 
with SYBR-Green PCR Mix (Takara Biotechnology) 
using an ABI PRISM 7500 thermal cycler (Applied 
Biosystems, Foster City, CA). The relative expression 
of mRNA was determined using the 2- ΔΔCt method with 
β- actin as the control. The primer sequences are listed 
in Table S2.

Immunofluorescence Staining
Serial paraffin sections from human and mouse aortic 
tissues were deparaffinized and rehydrated as previ-
ously described.21 Antigen retrieval was performed 
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by boiling in 10  mmol/L Tris, 1 mmol/L, and 0.05% 
Tween20 retrieval buffer. The adherent BMDMs were 
fixed with 4% paraformaldehyde and permeabilized 
with 0.3% Triton X- 100 in PBS for 10  minutes. After 
blocking with 1% bovine serum in PBS at room tem-
perature for 1 hour, the sections or slides were incu-
bated with diluted primary antibodies against CD11b 
(ab128797, Abcam), MOMA- 2 (MCA519GT, Bio- Rad), 
F4/80 (ab111101, Abcam), iNOS (ab15323, Abcam), 
and CD206 (PA5- 101657, Invitrogen) at 4°C overnight. 
Secondary fluorescent antibodies (Alexa Fluor 488, 
green; Alexa Fluor 568, red) were added and incubated 
at room temperature in the dark. D4’,6- diamidino- 2- 
phenylindole was used for the immunofluorescence 
staining of cellular nuclei. The fluorescence signals 
were visualized by a fluorescence laser scanning con-
focal microscope (Leica Imaging Systems, Cambridge, 
UK).

RNA Sequencing
WT and ITGAM (- /- ) BMDMs were lysed in TRIzol for 
total RNA extraction. The quality of the RNA sam-
ples was analyzed using a 2100 Bioanalyzer (Agilent). 
Then, the samples were run on an Illumina HiSeq se-
quencer (Illumina, San Diego, CA) with 150- bp paired- 
end reads. Differentially expressed genes (DEGs) 
were identified using the Ballgown package in the R 
language environment. Only DEGs (P<0.05 and fold 
change ≥1.5) were considered for Kyoto Encyclopedia 
of Genes and Genomes pathway enrichment analysis 
to determine relevant biological significance.

Coimmunoprecipitation and Mass 
Spectrometry
Total proteins were extracted from BMDMs via ice- 
cold radioimmunoprecipitation buffer. After centrifuga-
tion, the supernatant was incubated with anti- CD11b 
antibodies and protein A/G beads at 4°C overnight. 
The control immunoprecipitation was carried out by 
incubation with nonimmune rabbit polyclonal antibod-
ies. The immunoprecipitated samples were washed 3 
times with ice- cold radioimmunoprecipitation buffer. 
Before electrophoresis, the samples were boiled and 
resolved in SDS- PAGE loading buffer.

For the mass spectrometry (MS) assay, gel lanes 
were sliced into small pieces and washed twice.22 
Then, the gel pieces were digested using 25 mmol/L 
ammonium bicarbonate, and the resulting peptides 
were extracted and dried. The peptides were dissolved 
and detected by liquid chromatography coupled with 
tandem MS (ekspertTMnanoLC; AB Sciex TripleTOF 
5600- plus). The MS raw data were converted to 
Proteinpilot software and searched against a decoy 
UniProt mouse protein database. The peptides were 
accepted as accurate if the CI was ≥95% and there 

was at least 1 unique peptide. A list of potentially in-
teracting proteins was generated after discarding the 
control IP proteins. The STRING database was used to 
search for bait proteins and known interactors.

Statistical Analysis
All the statistical analyses were conducted using 
GraphPad Prism 7.0 (GraphPad Software, La Jolla, CA) 
or SPSS 23.0 software (IBM, Armonk, NY). The data are 
presented as the proportions or means±SEMs. Based 
on the distribution of the experimental data, Student 
t test, Fisher exact test, and nonparametric Mann– 
Whitney U test were used for comparisons between 
2 groups. For comparisons among ≥3 groups, 1- way 
or 2- way ANOVA and the Kruskal– Wallis test followed 
by a post hoc Bonferroni test were used. A P<0.05 
(2- tailed) was considered statistically significant.

RESULTS
CD11b is Upregulated in Human and 
Mouse AAA Tissues
To explore the role of CD11b in human aortic aneu-
rysms, we first investigated the expression of CD11b in 
AAA and control aortic tissues. Immunofluorescence 
analysis revealed that CD11b expression was signifi-
cantly higher in the human AAA tissues than in the 
control tissues (P<0.01, Figure 1A). Similarly, Western 
blot analysis also confirmed the upregulation of 
CD11b in the human AAA tissues (P<0.05, Figure 1B). 
Moreover, CD11b mRNA expression was markedly 
higher in the human AAA tissues than in the control 
tissues (P<0.05, Figure  1C). We further induced the 
formation of aneurysm in WT mice via CaCl2. Western 
blot analysis showed that CD11b expression progres-
sively increased with time, especially from 2 to 6 weeks 
(Figure 1D). These findings indicated that CD11b might 
be associated with the development of AAA in humans 
and in the present experimental model.

Depletion of ITGAM Attenuates the 
Development of Experimental AAA
To further determine the role of CD11b in AAA, we 
induced experimental AAA in WT and ITGAM knock-
out mice. As shown in Figure 2A, the infrarenal ab-
dominal aortas obviously expanded in the WT mice 
6 weeks after CaCl2 treatment, whereas ITGAM de-
ficiency abated the expansion of the abdominal aor-
tas. Two ITGAM(- /- ) mice died suddenly at 18 and 
25  days following the construction of AAA model, 
respectively. We excluded the possibility of aortic 
rupture because of the absence of blood clots in the 
retroperitoneal cavity. The survival rates were not 
significantly different between the WT and ITGAM(- /- ) 
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mice (Figure 2B). Similarly, the incidence of AAA for-
mation also failed to show a significant difference 
between the WT and ITGAM(- /- ) mice (73.3% versus 
33.3%, P=0.066; Figure  2C). However, compared 
with the WT mice, the ITGAM(- /- ) mice exhibited a 
significant reduction in the maximum diameter of the 
abdominal aorta (P<0.01, Figure 2D). Moreover, H&E 
staining showed that the depletion of ITGAM ef-
fectively protected against a decrease in the media 
thicknesses (Figure  2E). Elastica Van Gieson and 
Masson trichrome staining, as shown in Figure  2E 
through 2G, demonstrated that ITGAM deficiency 
also inhibited the elastin and collagen degrada-
tion associated with AAA formation, respectively. 
Furthermore, serum analysis (Figure 2H through 2K) 
showed that the expression of the proinflammatory 
cytokines CCL2, TNF- α, and IL- 6 in the WT and 
ITGAM(- /- ) mice was significantly higher than that in 
the sham- treated mice, but there was no significant 
difference in interleukin 1β expression among the 3 
groups. Compared with the WT mice, the ITGAM(- /- ) 
mice had lower levels of IL- 6 in the peripheral blood. 
Overall, ITGAM deficiency attenuated AAA develop-
ment, vascular structural injury, and the inflamma-
tory response, suggesting a causal role of CD11b 
in AAA.

Depletion of ITGAM Ameliorates 
the Infiltration and Polarization of 
Macrophage

Macrophage infiltration plays an important role in 
inflammatory pathology during AAA formation.4,23 
Thus, we asked whether the ITGAM deficiency- 
induced reduction in AAA was attributed to the 
regulation of macrophage recruitment. Then, we 
characterized the macrophages infiltrating the AAA 
lesions in WT and ITGAM(- /- ) mice using immuno-
histochemistry. Reduced immunostaining of F4/80- 
positive macrophages was observed within the 
medial region of the abdominal aortas in the ITGAM(- 
/- ) mice (Figure  3A and 3B). Notably, macrophage- 
derived MMPs and proinflammatory mediators have 
been reported to mediate AAA development.15,24 As 
expected, the MMP9 immunostaining in the aortic 
walls of the ITGAM(- /- ) mice was significantly de-
creased compared with that in the aortic walls of 
the WT mice following CaCl2 induction (Figure  3A, 
3C and 3D). However, there was no obvious dif-
ference in the MMP2 expression in the aortic sec-
tions from the WT and ITGAM(- /- ) mice in response 
to CaCl2. Moreover, the changes in MMP9 and 
MMP2 mRNA expression were consistent with the 

Figure 1. CD11b is upregulated in human AAA tissues and a CaCl2- induced AAA model.
A, Representative confocal immunofluorescence staining of CD11b and DAPI in human AAA tissues and control tissues. Scale 
bars=100 μm. Quantification of CD11b based on the integral optical density in AAA (n=4) and control (n=4) tissues, **P<0.01 vs 
control. B, WB and densitometric analysis of CD11b protein expression in human AAA samples (n=4) and control samples (n=4), 
*P<0.05 vs control. C, Quantitative real- time polymerase chain reaction for CD11b mRNA expression in human AAA tissues (n=4) and 
nonaneurysmal abdominal aortic tissues (n=4). *P<0.05 vs control. D, WB and densitometric analyses of CD11b protein expression in 
abdominal aortic tissues from control wild- type mice, and from mice 2 weeks, 4 weeks, and 6 weeks after AAA establishment, *P<0.05 
vs control or 2 weeks. AAA indicates abdominal aortic aneurysm; DAPI, 4’,6- diamidino- 2- phenylindole; ITGAM, integrin subunit alpha 
M; and WB, Western blot.
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immunohistochemistry results (Figure 3E and 3F). In 
addition, quantitative reverse transcriptase PCR veri-
fied the upregulation of CCL2, TNF- α, and IL- 6 in the 

aortic walls of the CaCl2- treated WT mice (Figure 3G 
through 3I), while the aortas of the CaCl2- induced 
ITGAM(- /- ) mice exhibited reduced transcription of 

Figure 2. ITGAM deficiency attenuates the development of experimental AAA, vascular structural injury, and the 
inflammatory response.
A, Representative photographs of the infrarenal abdominal aortas in saline-  or CaCl2- treated WT and ITGAM(- /- ) male mice. The black 
dotted lines indicate the edge of abdominal aortas. B, Kaplan– Meier survival curves of WT (n=15) and ITGAM(- /- ) mice (n=15). No 
significant difference was found regarding the survival rate. C, Incidence of AAA formation in WT and ITGAM(- /- ) mice in response 
to CaCl2. D, Maximal abdominal aortic diameter of WT (n=15) and ITGAM(- /- ) mice (n=13) 6 weeks after being exposed to CaCl2 and 
the sham- treated mice (n=15). The data represent the mean±SEM. **P<0.01, ***P<0.001. E, Representative H&E, EVG, and Masson 
trichrome staining of the abdominal aortic tissues from the sham- treated, WT, and ITGAM(- /- ) mice. Scale bar=100 μm. F and G, 
Quantification of elastin fragmentation and collagen deposition in the experimental groups (n=6), *P<0.05, **P<0.01, ****P<0.0001. H 
through K, Serum CCL2, TNF- α, IL- 6, and IL- 1β levels in the experimental groups (n=6 for each group) detected by ELISA, *P<0.05, 
**P<0.01, ***P<0.001, ****P<0.0001. AAA indicates abdominal aortic aneurysm; EVG, Elastica Van Gieson; H&E, hematoxylin and 
eosin; ITGAM, integrin subunit alpha M; and WT, wild- type.
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Figure 3. ITGAM deficiency ameliorates macrophage infiltration and polarization.
A, Representative images of immunohistochemical staining for F4/80, MMP2, and MMP9 in the aortic tissues 
of saline-  or CaCl2- treated WT or ITGAM(- /- ) mice. Scale bar=100 μm. B, Quantification of F4/80- positive 
macrophages in the infrarenal abdominal aortas of the mice from the 3 experimental groups under a microscope 
(n=6 for each group), **P<0.01, ***P<0.001. C and D, Quantification of MMP2 and MMP9 immunostaining in 
the abdominal aortic walls of the experimental mice (n=6), **P<0.01, ***P<0.001. E through J, Relative MMP2, 
MMP9, CCL2, TNF- α, IL- 6, and IL- 1β mRNA expression in the abdominal aortic walls of the experimental 
mice (n=3), *P<0.05, **P<0.01. K and L, Representative images of dual immunofluorescence staining of iNOS 
(green), CD206 (green), F4/80 (red), and DAPI (blue) in the abdominal aortas of WT and ITGAM(- /- ) mice 6 weeks 
after exposure to CaCl2. Scale bars=50 μm. DAPI indicates 4’,6- diamidino- 2- phenylindole; IL- 6, interleukin 6; 
IL- 1β, interleukin 1β; iNOS, inducible nitric oxide synthase; ITGAM, integrin subunit alpha M; MMP, matrix 
metalloproteinase; TNF- α, tumor necrosis factor α; and WT, wild- type.
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CCL2 and IL- 6 compared with those of the CaCl2- 
treated WT mice. In contrast, the expression of in-
terleukin 1β was not markedly different among the 
3 groups (Figure  3J). These findings indicated that 
ITGAM deficiency could reduce recruitment of mac-
rophages from the peripheral blood into the aortic 
wall as well as the concomitant proinflammatory cy-
tokine expression. Additionally, macrophages in in-
flammatory tissues are classified into the classically 
activated M1 type and alternatively activated M2 
type.25 Immunofluorescence staining showed that 
iNOS- positive M1 macrophages, rather than CD206- 
positive M2 macrophages, infiltrated into the aortic 
walls of the CaCl2- induced WT mice, facilitating AAA 
formation. However, in the CaCl2- treated ITGAM(- /- ) 
mice, the numbers of infiltrating M1 macrophages 
were reduced, whereas the numbers of M2 mac-
rophages were increased (Figure 3K and 3L).

CD11b Mediates Macrophage Adhesion
The first step of macrophage infiltration is the inter-
action between ECs and circulating monocytes/
macrophages, and this step includes macrophage 
adhesion to and transmigration across ECs. To com-
mence, we investigated whether CD11b mediates 
macrophage adhesion. As shown by WT BMDM 

and EC coculture experiments in vitro, a CD11b- 
neutralizing antibody significantly inhibited BMDM 
adhesion to angiotensin II– stimulated ECs, while the 
CD11b agonist LA- 1 markedly promoted the attach-
ment of BMDMs (Figure  4A). Furthermore, we iso-
lated primary BMDMs from WT and ITGAM(- /- ) mice, 
and verified that the number of adhesive ITGAM(- /- ) 
BMDMs was significantly lower than that of adhesive 
WT BMDMs. These findings indicated that CD11b was 
involved in macrophage adhesion (Figure 4B). Notably, 
the initial tethering and rolling of macrophages rely 
on the P- selectin of ECs, which is followed by the 
CD11b- dependent firm adhesion of macrophages.26 
It remains unclear whether the simultaneous block-
ade of P- selectin and CD11b has a synergistic effect 
on the inhibition of macrophage adhesion. Fucoidan 
is a well- established sulfated polysaccharide that ex-
hibits high affinity for the P-selectin on activated ECs 
and can abolish the selectin-dependent recruitment 
of leukocytes.27 In this study, we also confirmed that 
fucoidan limited WT BMDM adhesion to angioten-
sin II- stimulated ECs in a dose- dependent manner. 
However, the number of adhesive ITGAM(- /- ) BMDMs 
failed to show a significant decrease after treatment 
with different concentrations of fucoidan compared 
with vehicle (Figure 4B and 4C).

Figure 4. CD11b induces macrophage adhesion.
A, Representative images and quantification of WT BMDM adhesion to primary mouse aortic ECs in the absence or presence of CD11b 
monoclonal antibody or the CD11b agonist LA- 1. The ECs were stimulated with 1 μmol/L angiotensin II overnight before coculture. 
n=6, *P<0.05 vs control, ***P<0.001 vs control. B, Representative images of WT and ITGAM(- /- ) BMDM adhesion to primary ECs, 
which were activated and incubated with 10 μg/mL, 100 μg/mL, or 1000 μg/mL fucoidan or vehicle before coculture. C, Quantification 
of WT and ITGAM(- /- ) BMDM adhesion to activated primary ECs under different conditions. n=5, *P<0.05 vs WT BMDMs under the 
same conditions, ##P<0.01 vs control wild type BMDMs, ###P<0.001 vs control WT BMDMs. BMDMs indicates bone marrow– derived 
macrophages; DAPI, 4’,6- diamidino- 2- phenylindole; ECs, endothelial cells; ITGAM, integrin subunit alpha M; LA- 1, leukadherin- 1; 
MOMA, monocyte/macrophage and WT, wild- type.
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CD11b Does Not Affect Macrophage 
Survival
In vivo, the survival of circulating monocytes/mac-
rophages also potentially affects the infiltration of mac-
rophage. Flow cytometry was performed to assess 
the apoptosis of WT and ITGAM(- /- ) BMDMs. Neither 
the early apoptosis nor the late apoptosis rates were 
significantly different between the WT and ITGAM(- /- ) 
BMDMs (Figure 5A). We further detected the expres-
sion of apoptosis- related proteins, including p53, 
caspase3, and Bax, using Western blot. The results 
confirmed that there was no significant difference in 
apoptosis- related protein expression between the 2 
groups (Figure 5B). Additionally, the cell counting as-
says also suggested that the viability of the ITGAM(- /- ) 
BMDMs was not significantly different from that of the 
WT BMDMs (Figure 5C).

CD11b Regulates Macrophage 
Transendothelial Migration
To further determine the effect of CD11b on mac-
rophage functions, we performed RNA sequencing 
of 3- paired BMDM samples from WT and ITGAM(- /- ) 
mice. After preprocessing, a total of 11  376 genes 
were identified. Of these genes, 102 DEGs, consist-
ing of 54 significantly upregulated DEGs and 48 sig-
nificantly downregulated DEGs, were retrieved for 
the subsequent bioinformatics analysis (Figure  6A). 
The expression patterns of the top 10 upregulated 
and downregulated DEGs are shown in Figure  6B. 

Moreover, Kyoto Encyclopedia of Genes and Genomes 
pathway enrichment analyses showed that the down-
regulated genes were mainly enriched in leukocyte 
transendothelial migration (Figure  6C), while the up-
regulated genes were enriched in the Toll- like receptor 
(TLR) signaling pathway (Figure  6D). Then, we iso-
lated another 3- paired BMDM samples from WT and 
ITGAM(- /- ) mice and verified the DEGs involved in the 
enriched pathways (CCL3, CCL4, CCR5, CYBB, and 
GNB4) and several proinflammatory mediators (CCL2, 
IL1B, IL6, and TNF- α) using quantitative reverse tran-
scriptase PCR. The changes in the mRNA expression 
levels of CCL3, CCL4, CCR5, and GNB4 were vali-
dated in ITGAM(- /- ) and WT BMDMs (Figure 6E).

On the basis of this function enrichment analysis, 
we used a Transwell system (Figure 6F) and found that 
the number of transendothelial migrated ITGAM(- /- ) 
BMDMs was significantly lower than that of transen-
dothelial migrated WT BMDMs (P<0.05, Figure  6G). 
To understand the molecular mechanisms by which 
CD11b induces transendothelial migration, we detected 
potential CD11b interacting proteins in stable CD11b- 
expressing BMDMs by coimmunoprecipitation and MS 
analysis. The proteomic analysis identified 92 unique 
proteins that interact with CD11b, including receptor 
for activated C kinase 1 (RACK1) (Figure 6H). However, 
a protein– protein interaction network revealed that 
CD11b might bind to RACK1 via CD18 (integrin β2), 
and it might not directly bind to RACK1 (Figure  6I). 
Notably, as a common protein downstream of RACK1 
and CD11b, Akt has been proven to be associated with 

Figure 5. CD11b does not affect macrophage survival.
A, Primary BMDMs from WT and ITGAM(- /- ) mice were collected and stained with FITC- Annexin V and PI. The early and late cell 
apoptosis rates were measured by flow cytometry. No significant difference in the apoptosis rate was observed between the 2 
groups (n=3). B, The expression of apoptosis- related proteins, including p53, caspase3, and Bax, in WT and ITGAM(- /- ) BMDMs was 
measured by Western blot. C, A cell viability assay was performed in WT and ITGAM(- /- ) BMDMs using the Cell Counting Kit- 8. No 
significant difference in the absorbance (OD 450 nm) was found between the 2 groups (n=3). BMDMs indicates bone marrow– derived 
macrophages; ITGAM, integrin subunit alpha M; FITC, fluorescein isothiocyanate conjugated; PI, propidium iodide and WT, wild- type.
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Figure 6. CD11b regulates macrophage transendothelial migration.
A, Volcano plots show the - lg (adjusted P value) against the log2 (fold change) for each gene. The black horizontal and vertical 
dashed lines indicate the filtering criteria (|log2 (fold change)| >1.5 and P <0.05). The red dots indicate upregulated DEGs, and 
the blue dots indicate downregulated DEGs. B, Heat maps of the top 10 upregulated and downregulated DEGs between WT 
and ITGAM(- /- ) BMDMs. C, Pathway enrichment analysis of downregulated DEGs in ITGAM(- /- ) BMDMs, P<0.05. D, Pathway 
enrichment analysis of upregulated DEGs in ITGAM(- /- ) BMDMs, P<0.05. E, Quantification of CCL3, CCL4, CCR5, GNB4, 
CYBB, CCL2, IL- 1β, IL- 6, and TNF- α mRNA expression in WT and ITGAM(- /- ) BMDMs, *P<0.05 vs WT BMDMs, **P<0.01 vs 
WT BMDMs. F, Schematic experimental design of BMDM transendothelial migration, BMDMs seeded in the Transwell insert 
transmigrated across the endothelial cells and adhered to the lower side of the upper chamber. G, Representative images 
and quantification of WT and ITGAM(- /- ) BMDMs that had migrated through the endothelial cell layer. The data represent the 
mean±SEM of 3 independent experiments, *P<0.05 vs WT BMDMs. H, MS assays of CD11b- interacting proteins. Whole- cell 
lysates of WT BMDMs were immunoprecipitated with anti- flag protein A/G or control IgG. The immunoprecipitated products 
were separated and silver stained. MS identified an interaction between CD11b and RACK1 in WT BMDMs via the differential 
bands. I, The protein– protein interaction network showed that CD18 (ITGB2) was a bridging protein between CD11b (ITGAM) 
and RACK1 (GNB2L1), and Akt was a common protein downstream of RACK1 and CD11b. J, Western blot of CD11b, Akt, and 
phosphorylated Akt expression in WT and ITGAM(- /- ) BMDMs (n=3). K, Representative images and quantification of WT and 
ITGAM(- /- ) BMDMs that had migrated through the endothelial cell layer in the absence or presence of the Akt agonist SC79. 
The data represent the mean±SEM of 3 independent experiments, *P<0.05 vs WT BMDMs. BMDMs indicates bone marrow– 
derived macrophages; CCL, C- C motif chemokine ligand; DEGs, differentially expressed genes; ITGAM, integrin subunit 
alpha M; MS, mass spectrometry; TNF- α, tumor necrosis factor α; and WT, wild- type.
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macrophage transendothelial migration.28 Western blot 
analysis confirmed that knocking out CD11b could re-
duce the level of phosphorylated Akt in the BMDMs 
(Figure 6J). Moreover, pretreatment with the Akt ago-
nist SC79 partly rescued the impaired transendothelial 
migration of the ITGAM(- /- ) BMDMs (Figure 6K).

DISCUSSION
In the current study, we determined that CD11b, a 
member of integrins, is upregulated in human and ex-
perimental AAA tissues. In vivo, ITGAM deficiency ob-
viously attenuates AAA development and ameliorates 
macrophage infiltration and polarization, therefore limit-
ing the inflammatory response and extracellular matrix 
degradation in the aortic wall. Mechanistically, ITGAM 
deficiency reduces the adhesion of macrophages to 
ECs and transmigration across EC layers by inhibiting 
the expression of CCR5 and activation of the Akt path-
way in vitro (Figure 7). Notably, while both of the mRNA 
and protein expression levels of MMP9 and MMP2 
were reported, further studies could correlate these 
end points with their activity. Besides inflammation, 
CD11b has also been proven to mediate the interaction 
between monocytes and platelets, thereby promot-
ing thrombosis.29,30 Intraluminal thrombus is a well- 
established risk factor for the exacerbation of AAA.31,32 
Overall, our study confirms a pathogenic role of CD11b 
in AAA progression other than its role as a biomarker 
of monocytes. CD11b might be a potential therapeutic 
target in the medical treatment of AAA.

Over the past decades, circulating monocyte mo-
bilization and infiltration into the aortic wall have been 
demonstrated to participate in all stages of AAA for-
mation.4 Various studies have attempted to limit mac-
rophage accumulation at sites of vascular injury by 
blocking chemokine signaling axes, such as CCL2/
CCR2 and CXCL12/CXCR4.33,34 However, chemokine 
pathways are abundant in vivo, of which a broad inhib-
itor is warranted to enable effectively targeting mono-
cytes chemotaxis in AAA. In this study, we focused on 
the interactions between monocytes and ECs, includ-
ing tethering, rolling, adhesion, and transendothelial 
migration. To commence, the adhesion of monocytes 
to ECs mainly depends on selectins and integrins.5 
Hannawa et al reported that P- selectin deficiency at-
tenuated AAA formation in the elastase aortic perfusion 
model because of a blunting of the inflammatory re-
sponse. Here, we found that in vitro neutralization of P- 
selectin on ECs using fucoidan and ITGAM deficiency 
could reduce macrophage adhesion. Unexpectedly, 
ECs pretreated with fucoidan failed to show a signif-
icant decrease in the number of adhesive ITGAM(- /- ) 
BMDMs. We hypothesized that CD11b- mediated firm 
adhesion might play a leading role in the interaction 
between ECs and monocytes, and this adhesion might 
overpower the effect of P- selectin- induced rolling ad-
hesion. Notably, the binding of P- selectin to P- selectin 
glycoprotein ligand 1 can activate αLβ2 integrin, but 
does not increase the affinity of leukocytes.35

To further explore the role of CD11b in macrophage 
function, we performed RNA sequencing in primary 
BMDMs from WT and ITGAM(- /- ) mice. As a result, the 
downregulated genes in the ITGAM(- /- ) BMDMs were 
enriched in leukocyte transendothelial migration, and 
this finding was confirmed by in vitro Transwell experi-
ments. Previously, several studies showed that the tran-
sendothelial migration of macrophages is regulated by 
the aforementioned adhesive molecules, chemokine 
axes, and migratory properties.5 Here, we verified the 
downregulation of CCR5 in ITGAM(- /- ) BMDMs using 
quantitative reverse transcriptase PCR. CCR5 plays a 
crucial role in the migration and recruitment of mono-
cytes/macrophages in vascular diseases.36 Blockade 
of CCR5 has been demonstrated to attenuate mac-
rophage accumulation and infiltration into atheroscle-
rotic arteries.37 However, the potential mechanism by 
which CCR5 is reduced in ITGAM(- /- ) BMDMs remains 
unclear. Furthermore, a Mac- 1- neutralizing antibody or 
Akt knockout has been shown to significantly inhibit 
the migration of BMDMs.28 Through coimmunoprecip-
itation– MS and bioinformatics analyses, we found that 
CD11b potentially interacts with RACK1 via CD18, and 
regulates the activation of the downstream Akt path-
way. Nevertheless, pretreatment with the Akt agonist 
SC79 partially rescued the transendothelial migration 
of ITGAM(- /- ) BMDMs, suggesting that CD11b might 

Figure 7. Proposed mechanism of CD11b- mediated 
macrophage adhesion and transendothelial migration.
(1) Monocyte- derived CD11b specifically recognizes ICAM on 
endothelial cells, helping monocytes adhere to endothelial 
cells and further transmigrate into the subendothelial space. 
(2) ITGAM deficiency impairs the macrophage transendothelial 
migratory function by limiting the expression of CCR5, inhibiting 
the phosphorylation of Akt via RACK1, and reducing the 
interaction with JAM3. ICAM indicates intercellular adhesion 
molecule; ITGAM, integrin subunit alpha M; and RACK1, receptor 
for activated C kinase 1.
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mediate the migratory properties of macrophages via 
the Akt pathway. Moreover, Cui et al investigated the 
distinct migratory properties of M1, M2, and resident 
macrophages in a 3- dimensional environment and de-
termined that CD11b knockout decreases the migration 
of M2 macrophages.38 This decreased migration may 
result in the retention of ITGAM(- /- ) M2- polarized mac-
rophages in the aortic wall and exert anti- inflammatory 
effects.

Recently, 2 studies have shown that CD11b can 
inhibit the expression of MyD88 and the activation of 
NF- κB, thus negatively regulating the TLR- dependent 
immune response in macrophages.39,40 Here, we also 
found that ITGAM(- /- ) BMDMs contained upregu-
lated CCL3 and CCL4, which are the downstream of 
the TLR pathway; these results indicate that ITGAM 
deficiency might enhance the activation of the TLR 
pathway. Additionally, Yao et al also confirmed that 
CD11b interacts with TLR4 and subsequently induces 
its endocytosis, which partially inhibits the interaction 
of lipopolysaccharide with TLR4 and the subsequent 
inflammatory response.41 Interestingly, TLR4 was not 
detected in our coimmunoprecipitation– MS analysis, 
which might be because of the transmembrane protein 
properties of both TLR4 and CD11b.

In fact, other β2 integrins, including αLβ2 (CD11a/
CD18), αXβ2 (CD11c/CD18), and αDβ2 (CD11d/CD18), 
also play an important role in chronic vascular in-
flammation.42,43 Nie et al reported that in rats with 
diet- induced hypercholesterolemia, an anti- CD11a 
monoclonal antibody could reduce the number of 
macrophages adhering to the intima by 31% compared 
with the control.44 Similarly, depletion of CD11c- positive 
dendritic cells abrogates inflammatory cell recruitment 
and reduces neutrophil elastase activity, thus limiting 
AAA growth.45 Moreover, Aziz et al demonstrated the 
enhanced migration of CD11d- deficient M1 macro-
phages and proved the contribution of CD11d to the 
retention of macrophages at inflammatory sites during 
atherogenesis.46 Overall, CD18- blocking antibodies 
significantly decreased neutrophil adhesion and trans-
migration, thereby ameliorating AAA development in 
rats.6 To the best of our knowledge, CD11b is the last 
subset of CD11 families, whose role in vascular dis-
eases has not been previously determined.

Currently, the CD11b- specific agonist LA- 1 has 
been proven to promote the endocytosis of TLR4 and 
inhibit the lipopolysaccharide- induced inflammatory re-
sponse in macrophages.41 In vitro, LA- 1 enhances the 
binding of CD11b to intercellular adhesion molecule- 1 
via the formation of long membrane tethers, abates the 
detachment force, and reduces the transendothelial 
migration of macrophages.47,48 In vivo, various stud-
ies confirmed that LA- 1 could attenuate hyperoxia- 
induced lung injury and vascular injury by inhibiting 
macrophage infiltration.47,49 In addition to its effects on 

monocytes/macrophages, Roberts et al determined 
that LA- 1 pretreatment also reduces the secretion of 
the proinflammatory cytokines interferon- γ, TNF, and 
CCL4 by monokine- stimulated NK cells.50 Moreover, 
LA- 1 does not induce global conformational changes 
in CD11b/CD18, while CD11b- activating antibodies 
cause significant CD11b/CD18 macro clustering and 
ligand- mimetic outside- in signaling.51 Thus, LA- 1 has 
great potential in limiting the development of AAA.

CONCLUSIONS
In summary, CD11b mediates the adhesion and 
transendothelial migration of macrophages via the 
regulation of CCR5 expression and the Akt pathway, 
and further promotes macrophage infiltration without 
affecting their apoptosis and proliferation. ITGAM de-
ficiency attenuates AAA development and ameliorates 
macrophage infiltration and polarization in vivo, thereby 
indicating that CD11b may hold promise as a therapeu-
tic target for the treatment of AAA.
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Table S1. Clinical characteristics of patients with abdominal aortic aneurysm and organ donors. 

Patient 

1 

Patient 

2 

Patient 

3 

Patient 

4 

Control 

1 

Control 

2 

Control 

3 

Control 

4 

Sex Male Male Male Male Male Male Male Female 

Hypertension - + - + U U U U 

Diabetes - + - - U U U U 

Dyslipidemia - - - - U U U U 

CAD - - - - U U U U 

COPD - - - - U U U U 

Renal 

dysfunction 

- - - - U U U U 

Stroke - - - + U U U U 

Smoking + - + + U U U U 

Maximum 

abdominal 

aortic 

diameter 

(mm) 

61.7 65.1 59.7 56.0 U U U U 

Aortic neck 

diameter 

(mm) 

33.9 20.2 21.6 20.0 U U U U 

Proximal 

landing zone 

(mm) 

27.9 5.0 45.1 20.0 U U U U 

Aortic neck 

angulation (°) 

90 30 10 15 U U U U 

CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; U, unclear. 



Table S2. Primers used for real-time quantitative reverse transcription-polymerase 

chain reaction. 

Genes Forward and reverse sequence 

human GAPDH 
F: 5’-GGGAAACTGTGGCGTGAT-3’ 

R: 5’-GGGAAACTGTGGCGTGAT-3’ 

human ITGAM 
F: 5’-GCTGCCGCCATCATCTTAC-3’ 

R: 5’-GTGCCCTTGACATTAGCGTT-3’ 

mus β-actin 
F: 5’-GTACCACCATGTACCCAGGC-3’ 

R: 5’-AACGCAGCTCAGTAACAGTCC-3’ 

mus CCL3 
F: 5’-CTATTTTGAAACCAGCAGCCTT-3’ 

R: 5’-CAGGTGGCAGGAATGTTCC-3’ 

mus CCL4 
F: 5’-CTTCTGTGCTCCAGGGTTCTC-3’ 

R: 5’-GCTGGTCTCATAGTAATCCATCAC-3’ 

mus CCR5 
F: 5’-GTGAGACATCCGTTCCCCCTAC-3’ 

R: 5’-GGAAGAGCAGGTCAGAGATGGC-3’ 

mus GNB4 
F: 5’-GCCGACTCTTTGACCTCC-3’ 

R: 5’-CATCAGTCACACCTAAGCAGC-3’ 

mus CYBB 
F: 5’-GGGATAACGAGTTCAAGACCAT-3’ 

R: 5’-TCTCCTACAACCAACCAGCAT-3’ 

mus TNFα 
F: 5’-CCTCTTCTCATTCCTGCTTGTG-3’ 

R: 5’-GGTCTGGGCCATAGAACTGAT-3’ 

mus IL6 
F: 5’-ACCACGGCCTTCCCTACTTC-3’ 

R: 5’-CTCATTTCCACGATTTCCCAG-3’ 

mus IL1B 
F: 5’-CTTCAGGCAGGCAGTATCACTC-3’ 

R: 5’-GCAGTTGTCTAATGGGAACGTC-3’ 

mus CCL2 
F: 5’-GTCATGCTTCTGGGCCTGC-3’ 

R: 5’-ACTCATTGGGATCATCTTGCTG-3’ 

mus MMP2 
F: 5’-GTTCTTCGCAGGGAATGAG-3’ 

R: 5’-ACTTGTCTCCTGCAAAGATGTA-3’ 

mus MMP9 
F: 5’-CCGAGCTATCCACTCATCAAAC-3’ 

R: 5’-CTGAACCATAACGCACAGACC-3’ 



Figure S1. Animal study design. 


