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Abdominal aortic aneurysm (AAA), a deadly vascular disease in human, is a chronic degenerative process of the abdominal aorta.
In this process, inflammatory responses and immune system work efficiently by inflammatory cell attraction, proinflammatory
factor secretion and subsequently MMP upregulation. Previous studies have demonstrated various inflammatory cell types in
AAA of human and animals. The majority of cells, such as macrophages, CD4+ T cells, and B cells, play an important role in
the diseased aortic wall through phenotypic modulation. Furthermore, immunoglobulins also greatly affect the functions and
differentiation of immune cells in AAA. Recent evidence suggests that innate immune system, especially Toll-like receptors,
chemokine receptors, and complements are involved in the progression of AAAs. We discussed the innate immune system,
inflammatory cells, immunoglobulins, immune-mediated mechanisms, and key cytokines in the pathogenesis of AAA and
particularly emphasis on a further trend and application of these interventions. This current understanding may offer new
insights into the role of inflammation and immune response in AAA.

1. Introduction

Abdominal aortic aneurysm (AAA) is a common degenera-
tive cardiovascular disease. This disease is generally caused
by smoking, genetic diversity or variants, and atherosclerosis
[1–3]. The majority of AAAs are detected in the infrarenal
aorta, proximal to the aortic bifurcation [4]. AAA is a poten-
tially lethal disease due to the risk of rupture [5]. Clinically,
AAAs can be repaired using open surgical technique only
when the diameter of aorta has surpassed 5.5 cm with a
substantially increased risk of rupture [6]. Understanding
the potential mechanism of AAA development and develop-
ing therapeutic strategies that modify the disease process of
AAA is very important.

Vascular inflammation is the main initial factor of aortic
aneurysm. In this process, a large number of exogenous
immune cells, including lymphocytes, macrophages, mast

cells, neutrophils, and natural killer cells, infiltrate into the
tissue from adventitia to intima gradually, evoking a series
of inflammatory response [7–11]. Infiltration of inflamma-
tory cells and cellular elements produce and stimulate
smooth muscle cells (SMC) to secret matrix metalloprotein-
ases (MMPs), which are considered key enzymes directly
related to AAA formation and progression [12, 13]. These
enzymes destroy the stability and mechanical property of
the aortic walls by modulating interstitial elastin and collagen
[14–16], resulting in loss of smooth muscle cells in the aortic
media and destruction of extracellular matrix (ECM) [17].
Inflammation is an important component of the immune
system. The adaptive and innate immune systems have a
great role in the initiation and propagation of the inflamma-
tory response in aortic tissue. Recent increased knowledge
suggests that immunological processes are involved in the
pathogenesis of AAA [18–20]. In this view, we will discuss

Hindawi
Journal of Immunology Research
Volume 2018, Article ID 7213760, 15 pages
https://doi.org/10.1155/2018/7213760

http://orcid.org/0000-0002-1309-1971
http://orcid.org/0000-0003-4570-7694
https://doi.org/10.1155/2018/7213760


phenotypes of inflammatory cells, innate immune system,
immunoglobulins, and key cytokines in the AAA disease
and provide novel mechanistic insight for the development
of immune-targeted therapies.

2. Innate Immunity

Innate immune system, also known as the nonspecific
immune system, is the first line of defense against pathogenic
invasion. In the pathological process of aortic aneurysm, a
series of changes in the innate immune system including
upregulation of TLRs (Toll-like receptors), activation of
chemokine receptors, and deposition of complements
were involved. We will show the most recent research
progress in these areas and discuss particularly in the
following paragraph.

2.1. TLRs in AAA. TLRs play a fundamental role in several of
inflammatory response and innate immunity process. As the
initiating gate of innate immunity, pattern recognition
receptor (PRR) activation is a start of all the subsequent
immune responses [21, 22]. One of the transmembrane
subtypes of PRRs, TLR, is a researching hotspot in recent
years on the pathological mechanism of AAAs. TLRs are
expressed on inflammatory cells (such as macrophages,
monocytes, and B lymphocytes), endothelial cells, and
SMCs, and all of these types of cells contribute to the inflam-
matory response of aortas [23]. In general, myeloid differen-
tiation primary response gene-88 (MyD88) and TRIF as the
intracellular signaling adaptors were involved in the proin-
flammatory process initiated by TLR activation. Most TLRs,
including TLR2 and TLR4, signal through MyD88. But
TLR3 signals through TRIF. Only TLR4 signals through
both MyD88 and TRIF [24]. Till now, about 9 kinds of TLRs
were discovered [25, 26] and some of these subtypes work
actively in AAA (Figure 1).

2.1.1. TLR2. TLR2 is mainly implicated in the initiation and
maintenance of the inflammatory responses of autoimmune
diseases. Upregulation of TLR2 contributes to immune reac-
tivity and aggravates the inflammatory response [19]. TLR2
pathway displays a strong proinflammation action in aorta.
TLR2 deficiency will decrease the concentrations of proin-
flammatory cytokines, whereas anti-inflammatory interleu-
kin 10 (IL-10) was elevated [27, 28]. In atherosclerosis,
TLR2 was involved in the process of inflammation and
matrix degradation. Recently, activation of the TLR2 path-
way has also been confirmed accelerating AAA formation
[29], and a series of reactions coinciding with the crucial pat-
tern of how the AAAs generate proinflammatory and MMP
secretion followed. However, blocking TLR2 decreased the
expression of endogenous ligands interacting with TLR2,
and consecutively decreased chronic inflammation, activity
of MMP2/9, and vascular remodeling of AAA [30]. Com-
pared with their inhibitors of MMPs and anti-inflammatory
agents, TLR2 blocking may provide a new therapeutic
method in AAA treatment.

2.1.2. TLR4. TLR4 is recognized as a vital traffic joint in AAA
progression in recent years [31–35]. TLR4 can promote AAA

formation directly by upregulating the expression of MMP-2
and MMP-9. In the indirect pathway, TLR4 induces the
progression of AAA by elevating proinflammatory chemo-
kine like IL-6 and MCP-1, proinflammatory cells like M1
macrophages, and the c-Jun NH2-terminal protein kinase
(JNK) pathway [36–38]. JNK-signaling pathway can regu-
late inflammatory responses and is mainly activated by a
series of phosphorylation [39]. TLR4 is an upstream of
the JNK-promoting pathway [33, 38, 40]. The JNK path-
way enhances MCP-1 expression and inflammatory cell
infiltration [41]. Our investigation and other groups show
that blockade of this pathway by its inhibitor, SP600125 or
curcumin, can inhibit secretion of MCP-1, MCP-2, and
MMP-9, thereby attenuating aortic aneurysm formation
[42–44]. Shang et al. found MyD88-dependent TLR4 path-
way participants in AAA progression. In this experiment,
tanshinone IIA significantly decreased the overexpression
of TLR-4, MyD88, phosphorylated nuclear factor κB
(pNF-κB), and phosphorylated IκBα (pIκBα) in AAA
induced by elastase perfusion [32]. Nevertheless, Owens
et al. report that MyD88 slows down AAA formation
independent of signal from TLR4 or TLR2. Given the critical
roles of MyD88 and TLR4 in AAA, bone marrow transplan-
tation is performed to determine whether the effect of
MyD88 or TLR4 deficiency on AngII-induced AAA is
mediated by cells of the hematopoietic lineage. MyD88
deficiency in bone marrow-derived cells profoundly reduces
AngII-induced AAA. However, TLR4 deficiency in bone
marrow-derived cells has no effect on AAA [45]. The differ-
ence appears probably due to the different inducer for the
AAA model in use. In the future, a more detailed
upstream and downstream of the TLR4 in AAA are
needed to explore.

2.1.3. TLR3. TLR2 and TLR4 have been shown to signifi-
cantly induce atherosclerotic lesion and AAA by promoting
macrophage recruitment and expression of inflammatory
factors. However, TLR3 deficiency has no effect on aortic
cytokine/chemokine expression [24, 46]. Ishibashi et al.
discover that matrix-degrading action of TLR3 is partly
mediated by modulation macrophage MMP-2 and -9
activities. The study highlighted that TLR3 signaling may
increase MMP-2 activity by the p38/MAPK pathway
[46]. However, collagen type I as an important structural
component of plaque caps was not studied. In the future
study, the role of TLR3 on collagen type I degradation
should be investigated.

2.2. Chemokine Receptors. Chemokines are critical for the
function of the innate immune, which own the ability to
induce chemotaxis of immune cells after activation of the
innate immune system [47]. According to the chemokine
subclass, chemokine receptors, a large family of G protein-
coupled receptors (GPCRs) [48], are classified into CR,
CCR, CXCR, and CX3CR with a large variety of distribution
and function in AAA [49]. Chemokines start a series of
inflammatory reaction in AAAs. CXCR4 is believed to
contribute to the AAA formation. When the receptor is
blocked, the progression of AAA is attenuated [50, 51].
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However, increased expression of CXCR4 in bone mesen-
chymal stem cells (BMSCs) might improve the treatment
of AAA. Further studies are required to clear the detailed
mechanism [52]. In TAA patients, a high concentration of
CXCR3 ligand chemokines is detected in plasma. CXCR3
are the proinflammation chemokine receptor in AAA by
attracting CD45-positive cell infiltration [53, 54]. Blockade
of C-X-C motif ligand 1 (CXCL1) receptor, CXCR2, will
attenuate tissue damage through inhibition of neutrophil
recruitment [55, 56]. In aortas, CXCR2-neutralizing anti-
body obviously prevented the expansion and rupture of
the dissected aorta by preventing neutrophil infiltration
and reducing IL-6 expression [57]. As to another impor-
tant chemokine receptor, CCR2, activation of CCR2
mediates the inflammation in AAA [58, 59] and this
may be achieved by attracting mast cells to the tissue.
One of its ligands, CCL2 (MCP-1), plays a crucial role
in macrophage chemotaxis [60].

2.3. Complement. Complement factors are the major proin-
flammatory components of the innate immune system.
Although as one of the nonclassical complement pathway,
the complement alternative pathway contributes a lot to the
AAA formation. C3 deposition is recognized as a cause of
the subsequent reactions in AAA [61]. Zhou et al. discovered
that IgG antibodies in plasma were able to activate the com-
plement alternative pathway by inducing C3 deposition in
AAA [62]. In their later study, they find that the IgG antibod-
ies binding to fibrinogen can lead to AAA formation by acti-
vating the complement lectin pathway [63]. Another lectin
pathway activator, ficolin-3, was also demonstrated to con-
tribute to AAAs [64]. This may provide the evidence that
the C3-inducing AAAs are not specific, and some proper
anti-C3 drugs may work in attenuating the development of
AAAs. Another complement component C4d, however,
shows a protective role in some inflammatory aortic disease
such as aortic dissection [65].
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Figure 1: Possible mechanisms of TLRs in promotion of AAA development. The schematic diagram shows that TLR2 and TLR4 promote
inflammation and MMP expression, and TLR3 promotes MMP expression in the aortic wall during aneurysm development.
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3. Immune Cell Infiltration in AAA

3.1. Macrophages.Macrophages play an important role in the
innate and adaptive immune responses. Macrophage
infiltrating into aortic tissue and secreting matrix degradable
substance directly contributes to AAA formation [8, 66, 67].
Macrophages may recruit to the AAA area through an
“outside-in” pattern which means infiltration initiates from
the adventitia [68].

Macrophages have a great number of subtypes in which
M1 phenotype and M2 phenotype play a major role in
AAA. The M1/M2 ratio imbalance can promote the AAA
development. M1 macrophages are proinflammatory, while
M2 macrophages are anti-inflammatory [69–71]. M2 macro-
phages may achieve the anti-inflammation effect by release of
IL-10 and profibrotic factors such as TGF-beta [72]. The
protective effect of TGF-beta also involves a critical role in
the control of excessive monocyte/macrophage activation,
as monocyte depletion inhibits AAA formation [73]. M1 or
M2 macrophage polarization plays an important effect in
regulating chronic inflammatory process. The infiltrating
M2 macrophage will convert to M1 macrophage and vice
versa in certain circumstances [74]. CD4(+)CD25(+)Treg
cells play a key role in the macrophage-to-M2 switching
[75, 76]. So, intervention of preventing M2 to M1 transition
or promoting macrophage switching into M2 may help a
lot in AAA treatment.

3.1.1. Cytokines Modulating Macrophage Infiltration. Granu-
locyte-macrophage colony-stimulating factor (GM-CSF) was
once reported being able to change mesothelial cells into
macrophage-like cells by an autocrine pattern [77]. GM-
CSF gene expression was also associated with macrophage
densities in the arterial wall [78]. Constantly increasing
secretion of GM-CSF may trigger aortic aneurysm [79].
The study shows that GM-CSF is the key regulator of AAA.
If the GM-CSF pathway is blocked, macrophage infiltration
andMMP-9 secretion will decrease [80]. CD4+ T cells secrete
more GM-CSF in smad3−/− mice compared with WT mice.
Deficiency of smad3 in genes contributes to aortic aneurysm
maybe through GM-CSF pathway [81].

MCP-1 (monocyte chemotactic protein-1), also called
CCL-2, is a kind of c-c chemokine secreted mainly by inflam-
matory cells and endothelial cells [82]. It is positively corre-
lated with macrophage infiltration into aortic walls and acts
as a promoter of AAA formation and development [78, 83,
84]. Usually upregulation of MCP-1 occurs early than the
chronic inflammatory responses [85]. Our previous study
found that MCP-1 was involved in aortic aneurysm develop-
ment. MCP-1 secreted by SMCs could promote AAA
progression by enhancing MMP-9 production [86, 87]. The
apoptotic SMCs attract monocytes and other leukocytes by
producing MCP-1. However, MCP-1-primed macrophages
will further elicit aortic SMC apoptosis [88, 89]. MCP-1-
promoted AAA may also be achieved by enhancing macro-
phage infiltration and cytotoxicity as well as promoting
SMC phenotype transformation and apoptosis [85, 90, 91].
IL-6 is a proinflammatory cytokine that can contribute to
SMC apoptosis and modulate extracellular matrix by MMP

enhancement [92, 93]. There is a regulatory loop between
IL-6 and MCP-1. Recent study shows that IL-6 can promote
macrophages secreting MCP-1 and, in turn, MCP-1 has a
positive feedback on IL-6 through the p38 pathway [93]. In
the AngII-induced mouse model, IL-6 andMCP-1 are upreg-
ulated. Lacking either IL-6 or MCP-1 receptor CCR2 will
reduce the early onset of aortic dissections. The enhancement
of MCP-1 and IL-6 can promote macrophage secreting CD14
and CD11b, which in turn can induce MCP-1 and MMP-9
expression [94]. At the same time, researchers identify that
CD14 plays the crucial role in promoting the macrophage
precursor recruitment in early AAA walls [67].

3.2. T Cells

3.2.1. Th Cells. CD4+ Th cells include two main types, Th1
cells and Th2 cells. Th1 cells mainly secrete cytokines includ-
ing IL-2 and INF-γ, while Th2-characteristic cytokines
include IL-4 and IL-5 [95, 96]. Both types of cells regulate
each other by these cytokines, and the Th1/Th2 ratio is
dependent on the environment and inflammatory response
[96]. Both Th1 cells and Th2 cells can contribute to vascular
inflammation [97]. In most cases, Th1 cells play an anti-
inflammatory role and Th2 cells play a proinflammatory role
[98, 99]. A high ratio of Th2 cells in AAA was observed, and a
dysfunctional IL-4 expression will reduce AAA formation
[100, 101]. Th2 polarizing induced by CD19 treatment in
mice alleviates the macrophage infiltration and vascular
inflammation [102]. INF-γ secreted by Th1 cells may attenu-
ate AAA formation and development [103]. Blockade of the
INF-γ pathway will lead to sequential severe AAA formation
with increased expression of MMP-2 and MMP-9 [100].
Cytokines of Th2 cells may promote collagenolytic and elas-
tolytic activation while Th1-characteristic cytokine reduces
MMP expression. On the contrary, Galle et al. find that
Th1 cells are the prominent in fresh T cells isolated from
AAA tissue with high expression of INF-γ, which suggests
that INF-γ contributes to AAA formation [104]. Another
study also demonstrates that INF-γ deletion attenuates
MMP expression and inhibits aneurysm development. The
attenuation function of INF-γmay come from other coacting
signaling in Th1 cells [105]. The differences are potentially
attributable to different animal models studied. The INF-γ
effect on the development of AAA should be further explored
in the same animal models, disease stage, and anatomical
areas in the future study. The regulation of Th cell polariza-
tion will be an investigation direction in AAA treatment.

3.2.2. Regulatory T (Treg) Cells. Treg cells as the T cell
subpopulation are engaged in sustaining immunological
self-tolerance and homeostasis, which are essential for pre-
venting autoimmune diseases and limiting chronic inflam-
matory diseases [106]. The transcription factor Foxp3 helps
Treg cells complete the specification to control immune
responses. Foxp3(+) Tregs may prevent AAA formation by
inhibiting local inflammation in the aortic wall. Genetic
depletion of Foxp3(+) Tregs significantly increases the
mortality of AAA [107]. It is always thought that functional
Treg cells limit AAA development by secreting the inhibitory
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cytokines [108–110], such as IL-10, which plays key effect in
reduction of cell death, inhibition of vascular smooth muscle
cell proliferation, inhibition of macrophage function, and
reduction in inflammatory cell recruitment. Cytokine IL-10
secreted by the Treg cells acts in the pathogenesis of AAA
and suppresses inflammatory response [111–113]. TGF-beta,
secreted by Treg cells, is confirmed that it can protect AAA
progression [73]. Genetic variation of the TGF-beta pathway
leads to AAA development and contributes to multiple
syndromic presentations of aortic aneurysm [114, 115]. In
contrast, the recent study also reports that deficiency of
TGF-beta signal prevents AAA formation [116]. To under-
stand the concreted mechanism, the studies should be to
investigate the TGF-beta isoform involved in AAA formation
and delete it in a cell-specific manner in mice.

Some cytokines can act back on Treg cells and regulate
their function. A recent study finds that impaired secretion
of TGF-beta results in number loss of Treg cells. Once mono-
cytes and B cells have an impaired capacity in inducing
Foxp3 upregulation of Treg cells, exogenous TGF-beta can
rescue the function [117]. Flores-García et al. also find that
Treg cells have an immunosuppressive activity on CD4+ T
cell-dependent TGF-beta [118]. By releasing IL-10, IL-10-
producing B cells are able to enhance Treg cell function and
convert T effector cells into Treg cells [119]. Other cytokines
such as IL-33, in collaboration with IgE, can also stimulate
expansion of Treg cells [120, 121].

Recently, Balmert et al. have already succeeded in prohi-
biting allergic contact dermatitis by Treg induction. They
use degradable microparticles containing TGF-beta, IL-2,
and rapamycin to sustain a microenvironment to promote
Treg cell differentiation [122]. The above evidence shows
that the enhancing expansion and differentiation of Treg
cells stimulated by cytokines may be a new therapeutic goal
for AAA.

3.2.3. CD8+ T Cells. CD8+ T cells are important in cell-
mediated toxicity. Cytotoxic CD8+ T cells have been impli-
cated in targeting vascular endothelial and smooth muscle
cells [123]. Yet the study on their role in AAA is few. In
one study, CD8+ T deficiency significantly promotes
elastase-induced AAA formation [124]. Another report
shows that modulation of the function CD8+ T cells through
reducing macrophage infiltration and Th17 cell polarization
can attenuate the AAA induced by AngII.

3.3. B Cells. B cells can be divided into two developmentally
distinct groups, B1 and B2 cells. B1 cells play crucial roles in
the process of innate immunity, while B2 cells are the con-
ventional players in adaptive humoral immunity [125]. In
AAA, IgM, IgG, and C3c deposits are detected in the fibrous
zone, which indicates that pathogenic B cell response is
involved in the pathogenesis of AAA [126]. B cells in AAA
are mainly specifically recruited to the adventitia of the
aortic wall after stimulation [127]. B2 cells are the largest
constituent of B cells in mouse AAA [128]. In atherosclero-
sis, B1 cells are protective via production of natural antibod-
ies IgM, whereas B2 cells are proatherogenic via activation/
proliferation of T cells. The recent study found that B cell

deficiency could increase Treg cell infiltration in AAA tissue
and inhibit AAA formation. In their study after anti-CD20
treatment, both wild type and apolipoprotein in E-
knockout mouse model appear significant B1 and B2 deple-
tion. Sequentially, higher number of dendritic cells appeared
in aortas. Treg cell number is increased, but proinflammation
genes are downregulated [128]. Another study also supports
this result, which demonstrates that angiotensin II mobilizes
monocytes from spleen to aorta in a B cell-dependent man-
ner and promotes AAA formation in the apolipoprotein E
KO mice [129]. However, one group finds that B2 cells from
spleen of 8- to 10-week-old wild-type mice could suppress
experimental aortic aneurysm of muMT mice by upregulat-
ing Treg cells and decreasing the number of aortic-
infiltrating mononuclear cells [130]. It is possible that B2 cell
transplantation might produce the protective antibodies. The
differences of above results are needed to further explore the
paradox immune response in muMT and anti-CD20
antibody-mediated B cell depleted mice.

3.4. NK Cells. Natural killer cells have shown the role in the
development of chronic inflammatory responses. Apart from
macrophages, T cells, and B cells, NK cells were significantly
increased in the peripheral blood in AAA patients, which
resulted in the increasing of cytotoxic activity and contribut-
ing the AAA formation [10]. NK cells can produce the proin-
flammatory cytokines such as IL-2 and INF-γ [131, 132].
Evidence indicates that the NK pathway is activated in
AAA. One study shows that TNFα level is increased in
AAA patients, and T cells isolated from AAA patients pro-
duce more TNFα [133, 134]. Recently, the protein expression
of the NK cytotoxic signaling pathway is identified. In AAA
tissues, two important NK pathway proteins (HCST and
GRZB) are found expressed in CD8+ T cell and macrophage
that participating in this pathway [135]. However, the exact
role of NK cells in AAAs is still unclear.

3.5. Mast Cells. Mast cells are implicated in a number of
inflammatory diseases through releasing of inflammatory
mediators, serglycin and other proteoglycans, and proteases
[136]. In human and animal AAA, the mast cells have been
identified [9]. Interventions of mast cells such as tryptase
deficiency, chymase deficiency, and mast cell functional
substance antagonists attenuated the formation of AAA
[137, 138]. In a recent human AORTA trial, three doses of
the mast cell inhibitor pemirolast are given to 326 patients
and AAA growth is monitored over 12 months; the result
demonstrates that AAA growth rates are similar in patients
receiving placebo and different doses of pemirolast, which
concludes that pemirolast cannot retard the growth of
medium-sized AAAs [139]. The effect of mast cells in the
AAA and the validity of mast cell inhibition used to develop
effective medications for AAA need to be cleared.

3.6. Neutrophils.Neutrophils have already been recognized as
one of the initial contributors in AAA formation [11] via
secreting some particular ECM-degrading enzymes such as
neutrophil collagenase (MMP-8) and neutrophil protease
[140, 141]. In adventitia neutrophil recruitment and
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activation, neutrophil-derived IL-6 enhances the adventitial
inflammation that leads to aortic rupture [57]. Recent studies
have detected an elevated level of neutrophil gelatinase-
associated lipocalin (NGAL), a protein expressed by poly-
morphonuclear neutrophil which is considered an activated
form of neutrophil [142]. NGAL is also a potential indicator
for evaluation in aortic aneurysm repair [143]. Further
studies are needed to understand the relationship between
the NGAL level and AAA presence and growth.

Neutrophil extracellular traps (NETs) are originally iden-
tified as an innate immune response to bacterial infection
[144]. In human AAA, neutrophil activation is also associ-
ated with NET formation in the intraluminal thrombus
(ILT) [145]. IL-1β-induced NET formation promotes the
development of AAA [146]. Neutrophil protease-mediated
NET release contributes to elastase-induced AAA through
plasmacytoid dendritic cell activation and type I interferon
production [141].

4. ILT in AAA

In about 75% of clinically relevant AAA patients, the
aneurysm lumen wall is covered by ILT [147]. ILT is a
complex fibrin network and contains inflammatory cells,
chemokines, and proinflammatory cytokines as well as

ECM constituents [148–151]. ILT has been shown to be
related with aortic wall weakening and a higher level of
immunoinflammation in the AAA [152]. The volume of
ILT is associated strongly with AAA size and growth in
patients [153]. Recent studies demonstrate that the proin-
flammatory cytokines, reactive oxygen species, and proteases
in the thrombus play a significant role in the development of
human AAA [150, 151, 154]. In aortic aneurysms induced by
AngII in the ApoE−/−mouse, the thrombus within the aortic
wall is often observed [155]. The blood-ILT interface releases
biological mediators which will activate the platelets and the
coagulation cascade [151]. Anticoagulants fondaparinux
treatment can reduce intramural thrombus formation,
inflammation, and growth of experimental aortic aneurysm
in the mouse model [154].

5. Immunoglobulins

B cells (and/or dendritic cells) present that antigen to T cells,
activated T cells, and B cells interacts to promote the
activation, proliferation, and differentiation of B cells. After
activation, B cells in the germinal centers experience class
switching and affinity maturation to become plasma cells that
secrete large amounts of highly specific antibodies.

Table 1: Treatment effects of different immune therapeutic targets on the AAA progression.

Target Treatment effect Agent Model Reference

Immune system Decrease aortic dilatation Immunosuppressive agents Elastase-induced rat aneurysm [18]

TLR2
Decrease chronic inflammation,

vascular remodeling
and AAA formation

TLR2-neutralizing mAb AngII-induced mouse aneurysm [30]

TLR4 Repress aneurysm recurrence Alginate oligosaccharide Aneurysm patients [31]

TLR4/MyD88 Attenuates AAA formation Tanshinone IIA Elastase-induced rat aneurysm [32]

TLR4/JNK
Inhibit experimental
AAA development

Rosiglitazone AngII-induced mouse aneurysm [33]

CXCR4
Suppress AAA formation

and progression
AMD3100 CaCl2-induced mouse aneurysm [50]

CCR2 monocytes Decrease aortic dilatation Everolimus
Angiotensin II- (A2-) infused

apolipoprotein E-deficient mouse
[58]

Complement alternative
pathway

Prevent aneurysm formation
Properdin-free AP
C3 convertase

Elastase-induced mouse aneurysm [62]

M1/M2 macrophages
polarization

Inhibit AAA formation D-series resolvins Elastase-induced mouse aneurysm [70]

Foxp3(+) Tregs
Decrease incidence (52%)

and mortality (17%) of AAA
Interleukin-2 complex

Apolipoprotein E-deficient mice
fed a high-cholesterol diet

with angiotensin II
[110]

B cells
Prevent experimental

AAA formation
Anti-CD20 antibody

Elastase perfusion or angiotensin
II infusion apolipoprotein

E-knockout mouse
[128]

Mast cells
No difference with the

placebo group
Pemirolast Medium-sized AAA patient [139]

Neutrophils
Inhibit experimental
AAA formation

Antineutrophil antibody Elastase-induced mouse aneurysm [11]

NETs Attenuate AAA formation
Cl-amidine, an inhibitor

NET formation
Elastase-induced mouse aneurysm [146]
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5.1. IgG. IgG4 is the least abundant subclass among the IgG
antibodies in the human body, but its level is associated with
a series of vasculitis syndrome [156, 157]. One of the most
common manifestations is inflammatory aortic aneurysm
(IAA). Researchers find IgG4-positive plasma cell infiltration
in the aortic wall of IgG4-related AAA [158–160]. The high
level of serum IgG4 contributes to the aortic dilation [161].
IgG4-related AAA is one symptom of IgG4-related disease
(IgG4-RD), a systemic inflammatory disease with a high level
of serum IgG4, instead of an isolated disorder [162, 163].
Compared with the non-IgG4-related AAA, IAA shows a sig-
nificant increase in the number of infiltrating IgG4-positive
cells and the incidence of a disrupted follicular dendritic cell
network in lymph follicles [164, 165], which indicates that
IAA is not a simple inflammatory aorta. In general, patients
with IgG4-related inflammatory aortic aneurysm have an
allergic constitution [166]. Vasculitis caused by a high serum
level of IgG4 is always treatable [158]. B cell depletion ther-
apy acts well on IgG4-related AAA [128]. However, steroid
therapy did not work well [167].

5.2. IgE. According to previous studies, high IgE concentra-
tion tends to promote coronary atherosclerosis and dilation
[168–171]. Generally, it is always considered that IgE partic-
ipates in artery inflammatory disease mainly through activat-
ing mast cells. However, a recent study shows that IgE
participates the aortic aneurysm formation by acting on not
only mast cells but also on CD4+ T cells and macrophages

[9]. IgE induces CD4+ T cell production of IL-6 and IFN-γ
but reduces the production of IL-10 [9]. This process may
be similar to pulmonary inflammatory disease such as
asthma [172–174].

5.3. IgM. In 2014, Villar et al. have found an intimate positive
correlation between IgM and inflammatory disease [175].
Diepenhorst et al. also detected a promoting role of IgM anti-
bodies in inflammation in acute myocardial infarction (AMI)
patients [176]. In secreted IgM deficiency mouse model, ath-
erosclerosis was facilitated by IgE [170]. However, natural
IgM antibodies produced by B1 cells show a protective role
in atherosclerosis and artery remodeling [177, 178]. IgM
was also detected in the adventitia of AAA [126]. But its role
in AAA formation and development is still unknown.

6. Immune Regulation Application

The outcome of targeting the inflammatory cells, innate
immune system, and immunoglobulins in AAA has been
reviewed (Table 1). Understanding and developing new strat-
egies that regulate immunity will provide useful therapeutic
targets for AAA.

Lots of studies have shown inflammatory cell infiltration
in the AAA. The prominent of the cell types, such as macro-
phages and T cells, plays a significant role in the progression
of AAA. Intervention of preventing M2 to M1 transition or
promoting macrophage switching into M2 may help a lot
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in AAA treatment. About T cells, regulation of Th cell
polarization (Th1/Th2 ratio) can be an investigation direc-
tion in AAA treatment. Another kind of T cell, Treg cells
have the anti-inflammation ability. The investigations pro-
vide data which are beneficial to the treatment of AAA.
Enhancing expansion and differentiation of Treg cells
stimulated by cytokines may be a new therapeutic method
for AAA (Figure 2).

In normal physiological conditions, B cells play crucial
roles in innate immunity and humoral immunity. Under
pathological environments, T cells are activated and then
stimulate B cells to produce the diseased antibodies in
response to stimulations. The diseased antibodies take effect
in the inflammatory process [179]. Recent studies refer that
the B cells were involved in the AAA. Removing B cells
prevents the development of AAA. However, delivery of
B2 cells from the young wild-type mice to the AAA mice
increases the number of Treg cells and also inhibits the
formation of AAA. It seems that the results are paradoxical.
B cell function in AAAmight be impaired. The immunoglob-
ulins secreted by B cells are pathological and lost the normal
function. It is possible that B2 cell transplantation might
produce the healthy protective antibodies. In the future
studies, the B cell number and immunoglobulins should
be monitored and analyzed in the development of AAA.
Although the related experiments on B cell effect in AAA
are few, modulation of B cells might bring a new field for
AAA treatment.

Immunoglobulins in blood own an extensive variety of
recognizing ligands and functions. They can greatly affect
the functions and differentiation of immune cells [180–182].
A high level of serum IgG4 contributes to the aortic dilation.
B cell depletion therapy will be a good method to treat the
IgG4-related AAA. Intravenously applied normal polyclonal
immunoglobulins (IVIg) have great therapeutic applications
in the treatment of autoimmune, infectious, and inflamma-
tory diseases [183]. Immunoglobulins can hopefully be a
new therapy target in these aortic inflammation diseases.
Taking good advantage of the effect among immunoglobu-
lins in the immunologic therapy can be another task.

Innate immune system such as Toll-like receptors
(TLRs), chemokine receptors and complements are recently
shown to regulate immunological processes leading to the
formation and progression of AAAs as well as to other
cardiovascular pathologies. Most recent work highlights the
significance of TLRs in AAA development. TLR2 and TLR4
promote the inflammation and matrix degradation by upreg-
ulation of MMP expression in AAA. Blockage of TLRs may
serve as a potential therapeutic strategy for AAA.

7. Conclusions

As the previous study demonstrates, inflammation plays a
vital role in AAA formation, development, and progres-
sion. The immune system also participates in regulation
control of the AAA pathological process and has a pro-
found effect on the AAA-related inflammatory reactions.
Therefore, it is very important to understand the immune-
inflammatory responses in abdominal aortic aneurysm

and search the potential molecular targets in AAA. Although
a good deal of strategies has been proposed, the clinical
practicability is still lack of testing. The validity requires
further clinical validation.

Abbreviations

AAA: Abdominal aortic aneurysm
MMPs: Matrix metalloproteinases
ECM: Extracellular matrix
TLRs: Toll-like receptors
PRRs: Pattern recognition receptors
MCP-1: Monocyte chemotactic protein-1
IL-10: Interleukin 10
IL-6: Interleukin 6
JNK: c-Jun NH2-terminal protein kinase
GM-CSF: Granulocyte-macrophage colony-stimulating

factor
IRF: Interferon-regulatory factor
STAT: Signal transducer and activator of transcription
MyD88: Myeloid differentiation primary response gene-88
SMC: Smooth muscle cell
NGAL: Neutrophil gelatinase-associated lipocalin
AMI: Acute myocardial infarction
TNF-α: Tumor necrosis factor α
NK: Natural killer
CXCL1: C-X-C motif ligand 1
GPCRs: G protein-coupled receptors
Treg: Regulatory T cell
TGF-beta: Transforming growth factor-β
IFN-γ: Interferon-γ
IVIg: Intravenously applied normal polyclonal

immunoglobulins
NETs: Neutrophil extracellular traps
ILT: Intraluminal thrombus.

Conflicts of Interest

The authors declare that they have no conflict of interests.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China under Contract (nos. 81571919 and
81571832), the 2017 Innovation and Entrepreneurship for
Students of Liaoning Province (no. 201710159000132), Key
Research Program of National Science and Technology
(no. 2017YFA0105802), and the 2017 Discipline Promotion
Project of China Medical University (no. 3110117049).

References

[1] B. J. Toghill, A. Saratzis, and M. J. Bown, “Abdominal aortic
aneurysm—an independent disease to atherosclerosis?,”
Cardiovascular Pathology, vol. 27, pp. 71–75, 2017.

[2] H. W. Kim and B. K. Stansfield, “Genetic and epigenetic reg-
ulation of aortic aneurysms,” BioMed Research International,
vol. 2017, Article ID 7268521, 12 pages, 2017.

[3] A. Ghosh, L. V. T. A. Pechota, G. R. Upchurch, and J. L.
Eliason, “Cross-talk between macrophages, smooth muscle

8 Journal of Immunology Research



cells, and endothelial cells in response to cigarette smoke:
the effects on MMP2 and 9,” Molecular and Cellular
Biochemistry, vol. 410, no. 1-2, pp. 75–84, 2015.

[4] K. W. Johnston, R. B. Rutherford, M. D. Tilson, D. M. Shah,
L. Hollier, and J. C. Stanley, “Suggested standards for report-
ing on arterial aneurysms,” Journal of Vascular Surgery,
vol. 13, no. 3, pp. 452–458, 1991.

[5] E. E. Joviliano, M. S. Ribeiro, and E. J. R. Tenorio, “Micro-
RNAs and current concepts on the pathogenesis of abdomi-
nal aortic aneurysm,” Brazilian Journal of Cardiovascular
Surgery, vol. 32, no. 3, pp. 215–224, 2017.

[6] J. Golledge, J. Muller, A. Daugherty, and P. Norman,
“Abdominal aortic aneurysm: pathogenesis and implications
for management,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 26, no. 12, pp. 2605–2613, 2006.

[7] Y. W. Yan, J. Fan, S. L. Bai, W. J. Hou, X. Li, and H. Tong,
“Zinc prevents abdominal aortic aneurysm formation by
induction of A20-mediated suppression of NF-κB pathway,”
PLoS One, vol. 11, no. 2, article e0148536, 2016.

[8] D. L. Rateri, D. A. Howatt, J. J. Moorleghen, R. Charnigo,
L. A. Cassis, and A. Daugherty, “Prolonged infusion of angio-
tensin II in apoE−/− mice promotes macrophage recruitment
with continued expansion of abdominal aortic aneurysm,”
American Journal of Pathology, vol. 179, no. 3, pp. 1542–
1548, 2011.

[9] J. Wang, J. S. Lindholt, G. K. Sukhova et al., “IgE actions
on CD4+ T cells, mast cells, and macrophages participate
in the pathogenesis of experimental abdominal aortic
aneurysms,” EMBO Molecular Medicine, vol. 6, no. 7,
pp. 952–969, 2014.

[10] N. D. Forester, S. M. Cruickshank, D. J. A. Scott, and S. R.
Carding, “Increased natural killer cell activity in patients with
an abdominal aortic aneurysm,” British Journal of Surgery,
vol. 93, no. 1, pp. 46–54, 2006.

[11] J. L. Eliason, K. K. Hannawa, G. Ailawadi et al., “Neutrophil
depletion inhibits experimental abdominal aortic aneurysm
formation,” Circulation, vol. 112, no. 2, pp. 232–240, 2005.

[12] G. M. Longo, W. Xiong, T. C. Greiner, Y. Zhao, N. Fiotti, and
B. T. Baxter, “Matrix metalloproteinases 2 and 9 work in con-
cert to produce aortic aneurysms,” Journal of Clinical Investi-
gation, vol. 110, no. 5, pp. 625–632, 2002.

[13] G. M. Longo, S. J. Buda, N. Fiotta et al., “MMP-12 has a role
in abdominal aortic aneurysms in mice,” Surgery, vol. 137,
no. 4, pp. 457–462, 2005.

[14] R. J. Rizzo, W. J. McCarthy, S. N. Dixit et al., “Collagen types
and matrix protein content in human abdominal aortic aneu-
rysms,” Journal of Vascular Surgery, vol. 10, no. 4, pp. 365–
373, 1989.

[15] W. B. Keeling, P. A. Armstrong, P. A. Stone, D. F. Bandyk,
and M. L. Shames, “An overview of matrix metalloprotein-
ases in the pathogenesis and treatment of abdominal aortic
aneurysms,” Vascular and Endovascular Surgery, vol. 39,
no. 6, pp. 457–464, 2005.

[16] E. M. Culav, C. H. Clark, and M. J. Merrilees, “Connective
tissues: matrix composition and its relevance to physical
therapy,” Physical Therapy, vol. 79, no. 3, pp. 308–319,
1999.

[17] N. Sakalihasan, P. Delvenne, B. V. Nusgens, R. Limet, and
C. M. Lapière, “Activated forms of MMP2 and MMP9 in
abdominal aortic aneurysms,” Journal of Vascular Surgery,
vol. 24, no. 1, pp. 127–133, 1996.

[18] T. Yamaguchi, M. Yokokawa, M. Suzuki et al., “The effect of
immunosuppression on aortic dilatation in a rat aneurysm
model,” Surgery Today, vol. 30, no. 12, pp. 1093–1099,
2000.

[19] Y. Liu, J. Liao, M. Zhao et al., “Increased expression of TLR2
in CD4+ T cells from SLE patients enhances immune reactiv-
ity and promotes IL-17 expression through histone modifica-
tions,” European Journal of Immunology, vol. 45, no. 9,
pp. 2683–2693, 2015.

[20] V. P. Jagadesham, D. J. A. Scott, and S. R. Carding, “Abdom-
inal aortic aneurysms: an autoimmune disease?,” Trends in
Molecular Medicine, vol. 14, no. 12, pp. 522–529, 2008.

[21] G. Sellge and T. A. Kufer, “PRR-signaling pathways: learning
from microbial tactics,” Seminars in Immunology, vol. 27,
no. 2, pp. 75–84, 2015.

[22] S. Hontelez, A. Sanecka, M. G. Netea, A. B. van Spriel, and
G. J. Adema, “Molecular view on PRR cross-talk in antifungal
immunity,” Cellular Microbiology, vol. 14, no. 4, pp. 467–474,
2012.

[23] O. Pryshchep, W. Ma-Krupa, B. R. Younge, J. J. Goronzy, and
C. M. Weyand, “Vessel-specific Toll-like receptor profiles in
human medium and large arteries,” Circulation, vol. 118,
no. 12, pp. 1276–1284, 2008.

[24] M. R. Richards, A. S. Black, D. J. Bonnet et al., “The LPS2
mutation in TRIF is atheroprotective in hyperlipidemic low
density lipoprotein receptor knockout mice,” Innate Immu-
nity, vol. 19, no. 1, pp. 20–29, 2013.

[25] J. Xu and U. Sachdev, “The Toll of vascular insufficiency:
implications for the management of peripheral arterial dis-
ease,” Journal of Immunology Research, vol. 2016, Article ID
8249015, 9 pages, 2016.

[26] B. Schreiner, J. Voss, J. Wischhusen et al., “Expression of
toll-like receptors by human muscle cells in vitro and
in vivo: TLR3 is highly expressed in inflammatory and
HIV myopathies, mediates IL-8 release and up-regulation
of NKG2D-ligands,” The FASEB Journal, vol. 20, no. 1,
pp. 118–120, 2006.

[27] A. Koch, M. Pernow, C. Barthuber, J. Mersmann,
K. Zacharowski, and D. Grotemeyer, “Systemic inflammation
after aortic cross clamping is influenced by Toll-like receptor
2 preconditioning and deficiency,” The Journal of Surgical
Research, vol. 178, no. 2, pp. 833–841, 2012.

[28] S. Kuwahata, S. Fujita, K. Orihara et al., “High expression
level of Toll-like receptor 2 onmonocytes is an important risk
factor for arteriosclerotic disease,” Atherosclerosis, vol. 209,
no. 1, pp. 248–254, 2010.

[29] N. Aoyama, J. I. Suzuki, M. Ogawa et al., “Toll-like receptor-2
plays a fundamental role in periodontal bacteria-accelerated
abdominal aortic aneurysms,” Circulation Journal, vol. 77,
no. 6, pp. 1565–1573, 2013.

[30] H. Yan, B. Cui, X. Zhang et al., “Antagonism of toll-like
receptor 2 attenuates the formation and progression of
abdominal aortic aneurysm,” Acta Pharmaceutica Sinica B,
vol. 5, no. 3, pp. 176–187, 2015.

[31] Y. Yang, Z. Ma, G. Yang et al., “Alginate oligosaccharide
indirectly affects toll-like receptor signaling via the inhibition
of microRNA-29b in aneurysm patients after endovascular
aortic repair,” Drug Design, Development and Therapy,
vol. 11, pp. 2565–2579, 2017.

[32] T. Shang, F. Ran, Q. Qiao, Z. Liu, and C. J. Liu, “Tanshinone
IIA attenuates elastase-induced AAA in rats via inhibition of

9Journal of Immunology Research



MyD88-dependent TLR-4 signaling,” VASA, vol. 43, no. 1,
pp. 39–46, 2014.

[33] G. Pirianov, E. Torsney, F. Howe, and G. W. Cockerill, “Rosi-
glitazone negatively regulates c-Jun N-terminal kinase and
toll-like receptor 4 proinflammatory signalling during initia-
tion of experimental aortic aneurysms,” Atherosclerosis,
vol. 225, no. 1, pp. 69–75, 2012.

[34] F. Atzeni, L. Boiardi, A. Vaglio et al., “TLR-4 and VEGF poly-
morphisms in chronic periaortitis,” PLoS One, vol. 8, no. 5,
article e62330, 2013.

[35] C. R. Balistreri, “Genetic contribution in sporadic thoracic
aortic aneurysm? Emerging evidence of genetic variants
related to TLR-4-mediated signaling pathway as risk deter-
minants,” Vascular Pharmacology, vol. 74, Supplement C,
pp. 1–10, 2015.

[36] C. H. Lai, K. C. Wang, F. T. Lee et al., “Toll-like receptor 4 is
essential in the development of abdominal aortic aneurysm,”
PLoS One, vol. 11, no. 1, article e0146565, 2016.

[37] Z. Qin, J. Bagley, G. Sukhova et al., “Angiotensin II-
induced TLR4 mediated abdominal aortic aneurysm in
apolipoprotein E knockout mice is dependent on STAT3,”
Journal of Molecular and Cellular Cardiology, vol. 87,
pp. 160–170, 2015.

[38] Y. Q. Dong, C. W. Lu, L. Zhang, J. Yang, W. Hameed, and
W. Chen, “Toll-like receptor 4 signaling promotes invasion
of hepatocellular carcinoma cells through MKK4/JNK path-
way,” Molecular Immunology, vol. 68, no. 2, pp. 671–683,
2015.

[39] A. Kumar, U. K. Singh, S. G. Kini et al., “JNK pathway signal-
ing: a novel and smarter therapeutic targets for various bio-
logical diseases,” Future Medicinal Chemistry, vol. 7, no. 15,
pp. 2065–2086, 2015.

[40] H. Li, Y. Li, D. Liu, and J. Liu, “LPS promotes epithelial–mes-
enchymal transition and activation of TLR4/JNK signaling,”
Tumour Biology, vol. 35, no. 10, pp. 10429–10435, 2014.

[41] F. Shang, J. Wang, X. Liu et al., “Involvement of reactive oxy-
gen species and JNK in increased expression of MCP-1 and
infiltration of inflammatory cells in pressure-overloaded rat
hearts,” Molecular Medicine Reports, vol. 5, no. 6, pp. 1491–
6, 2012.

[42] K. Yoshimura, A. Nagasawa, J. Kudo et al., “Inhibitory effect
of statins on inflammation-related pathways in human
abdominal aortic aneurysm tissue,” International Journal
of Molecular Sciences, vol. 16, no. 12, pp. 11213–11228,
2015.

[43] Z. Z. Guo, Q. A. Cao, Z. Z. Li et al., “SP600125 attenuates
nicotine-related aortic aneurysm formation by inhibiting
matrix metalloproteinase production and CC chemokine-
mediated macrophage migration,” Mediators of Inflamma-
tion, vol. 2016, Article ID 9142425, 11 pages, 2016.

[44] J. Fan, X. Li, Y. W. Yan et al., “Curcumin attenuates rat
thoracic aortic aneurysm formation by inhibition of the
c-Jun N-terminal kinase pathway and apoptosis,” Nutrition,
vol. 28, no. 10, pp. 1068–1074, 2012.

[45] A. P. Owens, D. L. Rateri, D. A. Howatt et al., “MyD88
deficiency attenuates angiotensin II-induced abdominal aor-
tic aneurysm formation independent of signaling through
Toll-like receptors 2 and 4,” Arteriosclerosis, Thrombosis,
and Vascular Biology, vol. 31, no. 12, pp. 2813–2819, 2011.

[46] M. Ishibashi, S. Sayers, J. M. D'Armiento, A. R. Tall, and
C. L. Welch, “TLR3 deficiency protects against collagen

degradation and medial destruction in murine atheroscle-
rotic plaques,” Atherosclerosis, vol. 229, no. 1, pp. 52–61,
2013.

[47] C. L. Sokol and A. D. Luster, “The chemokine system in
innate immunity,” Cold Spring Harbor Perspectives in Biol-
ogy, vol. 7, no. 5, article a016303, 2015.

[48] A. Marchese, “Endocytic trafficking of chemokine receptors,”
Current Opinion in Cell Biology, vol. 27, pp. 72–77, 2014.

[49] E. P. C. van der Vorst, Y. Döring, and C. Weber, “Chemo-
kines,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 35, no. 11, pp. e52–e56, 2015.

[50] S. Michineau, G. Franck, O. Wagner-Ballon, J. Dai, E. Allaire,
and M. Gervais, “Chemokine (C-X-C Motif) receptor 4
blockade by AMD3100 inhibits experimental abdominal
aortic aneurysm expansion through anti-inflammatory
effects,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 34, no. 8, pp. 1747–1755, 2014.

[51] F. Tanios, J. Pelisek, B. Lutz et al., “CXCR4: a potential
marker for inflammatory activity in abdominal aortic aneu-
rysm wall,” European Journal of Vascular & Endovascular
Surgery, vol. 50, no. 6, pp. 745–753, 2015.

[52] M. Y. Long, H. H. Li, X. Z. Pen, M. Q. Huang, D. Y. Luo, and
P. S. Wang, “Expression of chemokine receptor-4 in bone
marrow mesenchymal stem cells on experimental rat abdom-
inal aortic aneurysms and the migration of bone marrow
mesenchymal stem cells with stromal-derived factor-1,”
Kaohsiung Journal of Medical Sciences, vol. 30, no. 5,
pp. 224–228, 2014.

[53] P. van den Borne, P. H. A. Quax, I. E. Hoefer, and
G. Pasterkamp, “The multifaceted functions of CXCL10 in
cardiovascular disease,” BioMed Research International,
vol. 2014, Article ID 893106, 11 pages, 2014.

[54] A. Gallo, A. Saad, R. Ali, A. Dardik, G. Tellides, and
A. Geirsson, “Circulating interferon-γ-inducible Cys-X-Cys
chemokine receptor 3 ligands are elevated in humans with
aortic aneurysms and Cys-X-Cys chemokine receptor 3 is
necessary for aneurysm formation in mice,” Journal of Tho-
racic and Cardiovascular Surgery, vol. 143, no. 3, pp. 704–
710, 2012.

[55] D. Cugini, N. Azzollini, E. Gagliardini et al., “Inhibition of the
chemokine receptor CXCR2 prevents kidney graft function
deterioration due to ischemia/reperfusion,” Kidney Interna-
tional, vol. 67, no. 5, pp. 1753–1761, 2005.

[56] R. W. Chapman, J. E. Phillips, R. W. Hipkin, A. K. Curran,
D. Lundell, and J. S. Fine, “CXCR2 antagonists for the treat-
ment of pulmonary disease,” Pharmacology & Therapeutics,
vol. 121, no. 1, pp. 55–68, 2009.

[57] A. Anzai, M. Shimoda, J. Endo et al., “Adventitial CXCL1/G-
CSF expression in response to acute aortic dissection triggers
local neutrophil recruitment and activation leading to aortic
rupture,” Circulation Research, vol. 116, no. 4, pp. 612–623,
2015.

[58] C. S. Moran, R. J. Jose, J. V. Moxon et al., “Everolimus limits
aortic aneurysm in the apolipoprotein E-deficient mouse by
downregulating C-C chemokine receptor 2 positive mono-
cytes,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 33, no. 4, pp. 814–821, 2013.

[59] E. McNeill, A. J. Iqbal, G. E. White, J. Patel, D. R. Greaves,
and K. M. Channon, “Hydrodynamic gene delivery of CC
chemokine binding Fc fusion proteins to target acute vascular
inflammation in vivo,” Scientific Reports, vol. 5, no. 1, 2015.

10 Journal of Immunology Research



[60] J. Zhang, H. Chen, L. Liu et al., “Chemokine (C-C motif)
receptor 2 mediates mast cell migration to abdominal aortic
aneurysm lesions in mice,” Cardiovascular Research, vol. 96,
no. 3, pp. 543–551, 2012.

[61] R. Martinez-Pinna, J. Madrigal-Matute, C. Tarin et al., “Pro-
teomic analysis of intraluminal thrombus highlights comple-
ment activation in human abdominal aortic aneurysms,”
Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 33,
no. 8, pp. 2013–2020, 2013.

[62] H. F. Zhou, H. Yan, C. M. Stover et al., “Antibody directs
properdin-dependent activation of the complement alterna-
tive pathway in a mouse model of abdominal aortic aneu-
rysm,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 109, no. 7, pp. E415–
E422, 2012.

[63] H. F. Zhou, H. Yan, P. Bertram et al., “Fibrinogen-specific
antibody induces abdominal aortic aneurysm in mice
through complement lectin pathway activation,” Proceedings
of the National Academy of Sciences of the United States of
America, vol. 110, no. 46, pp. E4335–E4344, 2013.

[64] C. E. Fernandez-García, E. Burillo, J. S. Lindholt et al., “Asso-
ciation of ficolin-3 with abdominal aortic aneurysm presence
and progression,” Journal of Thrombosis and Haemostasis,
vol. 15, no. 3, pp. 575–585, 2017.

[65] E. Niinimaki, T. Paavonen, T. Valo, M. Tarkka, and
A. Mennander, “Lack of C4d deposition may reveal suscepti-
bility for ascending aortic dissection,” Scandinavian Cardio-
vascular Journal, vol. 46, no. 3, pp. 177–182, 2012.

[66] K. D. Rizas, N. Ippagunta, and M. D. Tilson III, “Immune
cells and molecular mediators in the pathogenesis of the
abdominal aortic aneurysm,” Cardiology in Review, vol. 17,
no. 5, pp. 201–210, 2009.

[67] A. L. Blomkalns, D. Gavrila, M. Thomas et al., “CD14
directs adventitial macrophage precursor recruitment: role
in early abdominal aortic aneurysm formation,” Journal
of the American Heart Association, vol. 2, no. 2, article
e000065, 2013.

[68] K. Maiellaro and W. Taylor, “The role of the adventitia in
vascular inflammation,” Cardiovascular Research, vol. 75,
no. 4, pp. 640–648, 2007.

[69] M. A. Dale, W. Xiong, J. S. Carson et al., “Elastin-derived pep-
tides promote abdominal aortic aneurysm formation by
modulating M1/M2 macrophage polarization,” The Journal
of Immunology, vol. 196, no. 11, pp. 4536–4543, 2016.

[70] N. H. Pope, M. Salmon, J. P. Davis et al., “D-series resolvins
inhibit murine abdominal aortic aneurysm formation and
increase M2 macrophage polarization,” The FASEB Journal,
vol. 30, no. 12, pp. 4192–4201, 2016.

[71] J. Rao, B. N. Brown, J. S. Weinbaum et al., “Distinct macro-
phage phenotype and collagen organization within the intra-
luminal thrombus of abdominal aortic aneurysm,” Journal of
Vascular Surgery, vol. 62, no. 3, pp. 585–593, 2015.

[72] Q. Cao, Y. Wang, D. Zheng et al., “IL-10/TGF-β-modified
macrophages induce regulatory T cells and protect against
adriamycin nephrosis,” Journal of the American Society of
Nephrology, vol. 21, no. 6, pp. 933–942, 2010.

[73] Y. Wang, H. Ait-Oufella, O. Herbin et al., “TGF-β activity
protects against inflammatory aortic aneurysm progression
and complications in angiotensin II-infused mice,” The Jour-
nal of Clinical Investigation, vol. 120, no. 2, pp. 422–432,
2010.

[74] J. Khallou-Laschet, A. Varthaman, G. Fornasa et al., “Macro-
phage plasticity in experimental atherosclerosis,” PLoS One,
vol. 5, no. 1, article e8852, 2010.

[75] M. M. Tiemessen, A. L. Jagger, H. G. Evans, M. J. C. van
Herwijnen, S. John, and L. S. Taams, “CD4+CD25+Foxp3+

regulatory T cells induce alternative activation of human
monocytes/macrophages,” Proceedings of the National
Academy of Sciences of the United States of America,
vol. 104, no. 49, pp. 19446–19451, 2007.

[76] G. Liu, H. Ma, L. Qiu et al., “Phenotypic and functional
switch of macrophages induced by regulatory CD4+CD25+

T cells in mice,” Immunology & Cell Biology, vol. 89, no. 1,
pp. 130–142, 2011.

[77] S. Katz, V. Zsiros, N. Dóczi, A. Szabó, Á. Biczó, and A. L. Kiss,
“GM-CSF and GM-CSF receptor have regulatory role
in transforming rat mesenteric mesothelial cells into
macrophage-like cells,” Inflammation Research, vol. 65,
no. 10, pp. 827–836, 2016.

[78] E. Sho, M. Sho, K. Hoshina, H. Kimura, T. K. Nakahashi,
and R. L. Dalman, “Hemodynamic forces regulate mural
macrophage infiltration in experimental aortic aneurysms,”
Experimental and Molecular Pathology, vol. 76, no. 2,
pp. 108–116, 2004.

[79] G. Weissen-Plenz, Ö. Sezer, C. Vahlhaus et al., “Aortic
dissection associated with Cogan’s syndrome: deleterious
loss of vascular structural integrity is associated with
GM-CSF overstimulation in macrophages and smooth
muscle cells,” Journal of Cardiothoracic Surgery, vol. 5,
no. 1, p. 66, 2010.

[80] B. K. Son, D. Sawaki, S. Tomida et al., “Granulocyte macro-
phage colony-stimulating factor is required for aortic dissec-
tion/intramural haematoma,” Nature Communications,
vol. 6, no. 1, p. 6994, 2015.

[81] P. Ye, W. Chen, J. Wu et al., “GM-CSF contributes to aortic
aneurysms resulting from SMAD3 deficiency,” The Journal
of Clinical Investigation, vol. 123, no. 5, pp. 2317–2331, 2013.

[82] J. Lin, V. Kakkar, and X. Lu, “Impact of MCP-1 in atheroscle-
rosis,” Current Pharmaceutical Design, vol. 20, no. 28,
pp. 4580–4588, 2014.

[83] D. Y. Li, Q. Zhang, Y. Che et al., “Effects of macrophage infil-
tration and related gene expression on the pathogenesis of
early abdominal aortic aneurysm,” Zhonghua Yi Xue Za
Zhi, vol. 83, no. 18, pp. 1624–1627, 2003.

[84] R. K. Middleton, G. M. Lloyd, M. J. Bown, N. J. Cooper, N. J.
London, and R. D. Sayers, “The pro-inflammatory and che-
motactic cytokine microenvironment of the abdominal aortic
aneurysm wall: a protein array study,” Journal of Vascular
Surgery, vol. 45, no. 3, pp. 574–580, 2007.

[85] K. G. Battiston, B. Ouyang, R. S. Labow, C. A. Simmons, and
J. P. Santerre, “Monocyte/macrophage cytokine activity regu-
lates vascular smooth muscle cell function within a degrad-
able polyurethane scaffold,” Acta Biomaterialia, vol. 10,
no. 3, pp. 1146–1155, 2014.

[86] J. Fan, X. Li, L. Zhong et al., “MCP-1, ICAM-1 and VCAM-1
are present in early aneurysmal dilatation in experimental
rats,” Folia Histochemica et Cytobiologica, vol. 48, no. 3,
pp. 455–461, 2010.

[87] C. Q. Yang, W. Li, S. Q. Li et al., “MCP-1 stimulates MMP-9
expression via ERK 1/2 and p38MAPK signaling pathways in
human aortic smooth muscle cells,” Cellular Physiology and
Biochemistry, vol. 34, no. 2, pp. 266–276, 2014.

11Journal of Immunology Research



[88] J. S. Colonnello, K. A. Hance, M. L. Shames et al., “Transient
exposure to elastase induces mouse aortic wall smooth mus-
cle cell production of MCP-1 and RANTES during develop-
ment of experimental aortic aneurysm,” Journal of Vascular
Surgery, vol. 38, no. 1, pp. 138–146, 2003.

[89] Q. Wang, J. Ren, S. Morgan, Z. Liu, C. Dou, and B. Liu,
“Monocyte chemoattractant protein-1 (MCP-1) regulates
macrophage cytotoxicity in abdominal aortic aneurysm,”
PLoS One, vol. 9, no. 3, article e92053, 2014.

[90] Y. Zhou, W. Wu, J. S. Lindholt et al., “Regulatory T cells in
human and angiotensin II-induced mouse abdominal aortic
aneurysms,” Cardiovascular Research, vol. 107, no. 1,
pp. 98–107, 2015.

[91] G. Vallés, F. Bensiamar, L. Crespo, M. Arruebo, N. Vilaboa,
and L. Saldaña, “Topographical cues regulate the crosstalk
between MSCs and macrophages,” Biomaterials, vol. 37,
pp. 124–133, 2015.

[92] X. Ju, T. Ijaz, H. Sun et al., “IL-6 regulates extracellular matrix
remodeling associated with aortic dilation in a fibrillin-1
hypomorphic mgR/mgR mouse model of severe Marfan syn-
drome,” Journal of the American Heart Association, vol. 3,
no. 1, article e000476, 2014.

[93] Q. Wang, C. Shu, J. Su, and X. Li, “A crosstalk triggered
by hypoxia and maintained by MCP-1/miR-98/IL-6/p38
regulatory loop between human aortic smooth muscle cells
and macrophages leads to aortic smooth muscle cells
apoptosis via Stat1 activation,” International Journal of
Clinical & Experimental Pathology, vol. 8, no. 3, pp. 2670–
2679, 2015.

[94] B. C. Tieu, C. Lee, H. Sun et al., “An adventitial IL-6/MCP1
amplification loop accelerates macrophage-mediated vascu-
lar inflammation leading to aortic dissection in mice,” The
Journal of Clinical Investigation, vol. 119, no. 12, pp. 3637–
3651, 2009.

[95] A. K. Abbas, K. M. Murphy, and A. Sher, “Functional diver-
sity of helper T lymphocytes,” Nature, vol. 383, no. 6603,
pp. 787–793, 1996.

[96] T. R. Mosmann, L. Li, H. Hengartner, D. Kagi, W. Fu, and
S. Sad, “Differentiation and functions of T cell subsets,” Ciba
Foundation Symposium, vol. 204, pp. 148–154, 1997.

[97] D. Saadoun, M. Garrido, C. Comarmond et al., “Th1 and
Th17 cytokines drive inflammation in Takayasu arteritis,”
Arthritis & Rhematology, vol. 67, no. 5, pp. 1353–1360,
2015.

[98] L. Wang, S. Gao, W. Xu et al., “Allergic asthma accelerates
atherosclerosis dependent on Th2 and Th17 in apolipopro-
tein E deficient mice,” Journal of Molecular and Cellular
Cardiology, vol. 72, pp. 20–27, 2014.

[99] W. Yu, H. du, Q. Fu, N. Cui, and X. du, “The influence of
Th1/Th2 and CD4+ regulatory T cells of mesenteric lymph
nodes on systemic lipopolysaccharide,” Polish Journal of
Pathology, vol. 65, no. 2, pp. 125–129, 2014.

[100] K. Shimizu, M. Shichiri, P. Libby, R. T. Lee, and R. N.
Mitchell, “Th2-predominant inflammation and blockade
of IFN-γ signaling induce aneurysms in allografted aortas,”
The Journal of Clinical Investigation, vol. 114, no. 2,
pp. 300–308, 2004.

[101] U. Schönbeck, G. K. Sukhova, N. Gerdes, and P. Libby, “TH2
predominant immune responses prevail in human abdomi-
nal aortic aneurysm,” The American Journal of Pathology,
vol. 161, no. 2, pp. 499–506, 2002.

[102] S. Ellison, K. Gabunia, S. E. Kelemen et al., “Attenuation of
experimental atherosclerosis by interleukin-19,” Arterioscle-
rosis, Thrombosis, and Vascular Biology, vol. 33, no. 10,
pp. 2316–2324, 2013.

[103] V. L. King, A. Y. Lin, F. Kristo et al., “Interferon-γ and the
interferon-inducible chemokine CXCL10 protect against
aneurysm formation and rupture,” Circulation, vol. 119,
no. 3, pp. 426–435, 2009.

[104] C. Galle, L. Schandené, P. Stordeur et al., “Predominance of
type 1 CD4+ T cells in human abdominal aortic aneurysm,”
Clinical & Experimental Immunology, vol. 142, no. 3,
pp. 519–527, 2005.

[105] W. Xiong, Y. Zhao, A. Prall, T. C. Greiner, and B. T. Baxter,
“Key roles of CD4+ T cells and IFN-γ in the development of
abdominal aortic aneurysms in a murine model,” The Journal
of Immunology, vol. 172, no. 4, pp. 2607–2612, 2004.

[106] D. A. A. Vignali, L. W. Collison, and C. J. Workman, “How
regulatory T cells work,” Nature Reviews Immunology,
vol. 8, no. 7, pp. 523–532, 2008.

[107] N. Ohkura, Y. Kitagawa, and S. Sakaguchi, “Development
and maintenance of regulatory T cells,” Immunity, vol. 38,
no. 3, pp. 414–423, 2013.

[108] H. Ait-Oufella, Y. Wang, O. Herbin et al., “Natural regulatory
T cells limit angiotensin II-induced aneurysm formation and
rupture in mice,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 33, no. 10, pp. 2374–2379, 2013.

[109] M. Yin, J. Zhang, Y. Wang et al., “Deficient CD4+CD25+ T
regulatory cell function in patients with abdominal aortic
aneurysms,” Arteriosclerosis, Thrombosis, and Vascular Biol-
ogy, vol. 30, no. 9, pp. 1825–1831, 2010.

[110] K. Yodoi, T. Yamashita, N. Sasaki et al., “Foxp3+ regulatory T
cells play a protective role in angiotensin II-induced aortic
aneurysm formation in mice,” Hypertension, vol. 65, no. 4,
pp. 889–895, 2015.

[111] S. Kasashima, A. Kawashima, Y. Zen et al., “Upregulated
interleukins (IL-6, IL-10, and IL-13) in immunoglobulin
G4-related aortic aneurysm patients,” Journal of Vascular
Surgery, vol. 67, no. 4, pp. 1248–1262, 2018.

[112] D. Vucevic, V. Maravic-Stojkovic, S. Vasilijic et al., “Inverse
production of IL-6 and IL-10 by abdominal aortic aneurysm
explant tissues in culture,” Cardiovascular Pathology, vol. 21,
no. 6, pp. 482–489, 2012.

[113] R. Sharir, J. Semo, A. Shaish et al., “Regulatory T cells influ-
ence blood flow recovery in experimental hindlimb ischaemia
in an IL-10-dependent manner,” Cardiovascular Research,
vol. 103, no. 4, pp. 585–596, 2014.

[114] A. F. Baas, J. Medic, R. van't Slot et al., “Association of the
TGF-β receptor genes with abdominal aortic aneurysm,”
European Journal of Human Genetics, vol. 18, no. 2,
pp. 240–244, 2010.

[115] A. J. Doyle, J. J. Doyle, S. L. Bessling et al., “Mutations in the
TGF-β repressor SKI cause Shprintzen-Goldberg syndrome
with aortic aneurysm,” Nature Genetics, vol. 44, no. 11,
pp. 1249–1254, 2012.

[116] F. Gao, P. Chambon, S. Offermanns et al., “Disruption of
TGF-β signaling in smooth muscle cell prevents elastase-
induced abdominal aortic aneurysm,” Biochemical and Bio-
physical Research Communications, vol. 454, no. 1, pp. 137–
143, 2014.

[117] L. Q. Bian, L. Mao, Y. Bi et al., “Loss of regulatory character-
istics in CD4+CD25+/hi T cells induced by impaired

12 Journal of Immunology Research



transforming growth factor beta secretion in pneumoconio-
sis,” APMIS, vol. 125, no. 12, pp. 1108–1116, 2017.

[118] Y. Flores-García, J. L. Rosales-Encina, V. H. Rosales-García,
A. R. Satoskar, and P. Talamás-Rohana, “CD4+CD25+-

FOXP3+ Treg cells induced by rSSP4 derived from T. cruzi
amastigotes increase parasitemia in an experimental Chagas
disease model,” BioMed Research International, vol. 2013,
Article ID 632436, 10 pages, 2013.

[119] Y. Lu, F. Liu, C. Li, Y. Chen, D. Weng, and J. Chen,
“IL-10-producing B cells suppress effector T cells activation
and promote regulatory T cells in crystalline silica-induced
inflammatory response in vitro,”Mediators of Inflammation,
vol. 2017, Article ID 8415094, 11 pages, 2017.

[120] P. Salamon, I. Shefler, I. Moshkovits et al., “IL-33 and IgE
stimulate mast cell production of IL-2 and regulatory T cell
expansion in allergic dermatitis,” Clinical & Experimental
Allergy, vol. 47, no. 11, pp. 1409–1416, 2017.

[121] Z. Zeng, K. Yu, L. Chen,W. Li, H. Xiao, and Z. Huang, “Inter-
leukin-2/anti-interleukin-2 immune complex attenuates
cardiac remodeling after myocardial infarction through
expansion of regulatory T cells,” Journal of Immunology
Research, vol. 2016, Article ID 8493767, 13 pages, 2016.

[122] S. C. Balmert, C. Donahue, J. R. Vu, G. Erdos, L. D. Falo Jr.,
and S. R. Little, “In vivo induction of regulatory T cells pro-
motes allergen tolerance and suppresses allergic contact der-
matitis,” Journal of Controlled Release, vol. 261, pp. 223–233,
2017.

[123] T. Kyaw, A.Winship, C. Tay et al., “Cytotoxic and proinflam-
matory CD8+ T lymphocytes promote development of vul-
nerable atherosclerotic plaques in ApoE-deficient mice,”
Circulation, vol. 127, no. 9, pp. 1028–1039, 2013.

[124] H. F. Zhou, H. Yan, J. L. Cannon, L. E. Springer, J. M. Green,
and C. T. N. Pham, “CD43-mediated IFN-γ production by
CD8+ T cells promotes abdominal aortic aneurysm in mice,”
The Journal of Immunology, vol. 190, no. 10, pp. 5078–5085,
2013.

[125] J. M. B. Prieto and M. J. B. Felippe, “Development, pheno-
type, and function of non-conventional B cells,” Comparative
Immunology, Microbiology and Infectious Diseases, vol. 54,
pp. 38–44, 2017.

[126] G. Pasquinelli, P. Preda, M. Gargiulo et al., “An immunohis-
tochemical study of inflammatory abdominal aortic aneu-
rysms,” Journal of Submicroscopic Cytology and Pathology,
vol. 25, no. 1, pp. 103–112, 1993.

[127] E. Ocana, J. C. Bohórquez, J. Pérez-Requena, J. A. Brieva,
and C. Rodríguez, “Characterisation of T and B lympho-
cytes infiltrating abdominal aortic aneurysms,” Atheroscle-
rosis, vol. 170, no. 1, pp. 39–48, 2003.

[128] B. Schaheen, E. A. Downs, V. Serbulea et al., “B-cell depletion
promotes aortic infiltration of immunosuppressive cells and
is protective of experimental aortic aneurysm,” Arteriosclero-
sis, Thrombosis, and Vascular Biology, vol. 36, no. 11,
pp. 2191–2202, 2016.

[129] S. Mellak, H. Ait-Oufella, B. Esposito et al., “Angiotensin II
mobilizes spleen monocytes to promote the development of
abdominal aortic aneurysm in Apoe−/− mice,” Arteriosclero-
sis, Thrombosis, and Vascular Biology, vol. 35, no. 2,
pp. 378–388, 2015.

[130] A. K. Meher, W. F. Johnston, G. Lu et al., “B2 cells suppress
experimental abdominal aortic aneurysms,” The American
Journal of Pathology, vol. 184, no. 11, pp. 3130–3141, 2014.

[131] W. L. Chan, N. Pejnovic, T. V. Liew, and H. Hamilton, “Pre-
dominance of Th2 response in human abdominal aortic
aneurysm: mistaken identity for IL-4-producing NK and
NKT cells?,” Cellular Immunology, vol. 233, no. 2, pp. 109–
114, 2005.

[132] W. L. Chan, N. Pejnovic, H. Hamilton et al., “Atherosclerotic
abdominal aortic aneurysm and the interaction between
autologous human plaque-derived vascular smooth muscle
cells, type 1 NKT, and helper T cells,” Circulation Research,
vol. 96, no. 6, pp. 675–683, 2005.

[133] J. Juvonen, H. M. Surcel, J. Satta et al., “Elevated circulating
levels of inflammatory cytokines in patients with abdominal
aortic aneurysm,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 17, no. 11, pp. 2843–2847, 1997.

[134] E. L. Henderson, Y. J. Geng, G. K. Sukhova, A. D.Whittemore,
J. Knox, and P. Libby, “Death of smooth muscle cells and
expression of mediators of apoptosis by T lymphocytes in
human abdominal aortic aneurysms,” Circulation, vol. 99,
no. 1, pp. 96–104, 1999.

[135] I. Hinterseher, C. Schworer, J. Lillvis et al., “Immunohisto-
chemical analysis of the natural killer cell cytotoxicity path-
way in human abdominal aortic aneurysms,” International
Journal of Molecular Sciences, vol. 16, no. 12, pp. 11196–
11212, 2015.

[136] H. Dai and R. J. Korthuis, “Mast cell proteases and inflamma-
tion,” Drug Discovery Today: Disease Models, vol. 8, no. 1,
pp. 47–55, 2011.

[137] J. Sun, J. Zhang, J. S. Lindholt et al., “Critical role of mast cell
chymase in mouse abdominal aortic aneurysm formation,”
Circulation, vol. 120, no. 11, pp. 973–982, 2009.

[138] J. Zhang, J. Sun, J. S. Lindholt et al., “Mast cell tryptase
deficiency attenuates mouse abdominal aortic aneurysm
formation,” Circulation Research, vol. 108, no. 11, pp. 1316–
1327, 2011.

[139] H. Sillesen, N. Eldrup, R. Hultgren et al., “Randomized clin-
ical trial of mast cell inhibition in patients with a medium-
sized abdominal aortic aneurysm,” The British Journal of
Surgery, vol. 102, no. 8, pp. 894–901, 2015.

[140] W. R. W. Wilson, E. C. Schwalbe, J. L. Jones, P. R. F. Bell, and
M. M. Thompson, “Matrix metalloproteinase 8 (neutrophil
collagenase) in the pathogenesis of abdominal aortic aneu-
rysm,” The British Journal of Surgery, vol. 92, no. 7,
pp. 828–833, 2005.

[141] H. Yan, H. F. Zhou, A. Akk et al., “Neutrophil proteases
promote experimental abdominal aortic aneurysm via
extracellular trap release and plasmacytoid dendritic cell
activation,” Arteriosclerosis, Thrombosis, and Vascular Biol-
ogy, vol. 36, no. 8, pp. 1660–1669, 2016.

[142] P. Ramos-Mozo, J. Madrigal-Matute, M. Vega de Ceniga
et al., “Increased plasma levels of NGAL, a marker of
neutrophil activation, in patients with abdominal aortic
aneurysm,” Atherosclerosis, vol. 220, no. 2, pp. 552–556,
2012.

[143] A. Lacquaniti, M. Giardina, S. Lucisano et al., “Neutrophil
gelatinase-associated lipocalin (NGAL) and endothelial pro-
genitor cells (EPCs) evaluation in aortic aneurysm repair,”
Current Vascular Pharmacology, vol. 11, no. 6, pp. 1001–
1010, 2013.

[144] V. Brinkmann, U. Reichard, C. Goosmann et al., “Neutrophil
extracellular traps kill bacteria,” Science, vol. 303, no. 5663,
pp. 1532–1535, 2004.

13Journal of Immunology Research



[145] S. Delbosc, J. M. Alsac, C. Journe et al., “Porphyromonas gin-
givalis participates in pathogenesis of human abdominal aor-
tic aneurysm by neutrophil activation. Proof of concept in
rats,” PLoS One, vol. 6, no. 4, article e18679, 2011.

[146] A. K. Meher, M. Spinosa, J. P. Davis et al., “Novel role of
IL (interleukin)-1β in neutrophil extracellular trap forma-
tion and abdominal aortic aneurysms,” Arteriosclerosis,
Thrombosis, and Vascular Biology, vol. 38, no. 4, pp. 843–
853, 2018.

[147] S. A. O’Leary, E. G. Kavanagh, P. A. Grace, T. M. McGlough-
lin, and B. J. Doyle, “The biaxial mechanical behaviour of
abdominal aortic aneurysm intraluminal thrombus: classifi-
cation of morphology and the determination of layer and
region specific properties,” Journal of Biomechanics, vol. 47,
no. 6, pp. 1430–1437, 2014.

[148] R. Adolph, D. A. Vorp, D. L. Steed, M. W. Webster, M. V.
Kameneva, and S. C. Watkins, “Cellular content and perme-
ability of intraluminal thrombus in abdominal aortic aneu-
rysm,” Journal of Vascular Surgery, vol. 25, no. 5, pp. 916–
926, 1997.

[149] M. Folkesson, M. Kazi, C. Zhu et al., “Presence of NGAL/
MMP-9 complexes in human abdominal aortic aneurysms,”
Thrombosis and Haemostasis, vol. 98, no. 2, pp. 427–433,
2007.

[150] X. Houard, V. Ollivier, L. Louedec, J. B. Michel, and M. Bäck,
“Differential inflammatory activity across human abdominal
aortic aneurysms reveals neutrophil-derived leukotriene B4 as
a major chemotactic factor released from the intraluminal
thrombus,” The FASEB Journal, vol. 23, no. 5, pp. 1376–
1383, 2009.

[151] Z. Touat, V. Ollivier, J. Dai et al., “Renewal of mural throm-
bus releases plasma markers and is involved in aortic abdom-
inal aneurysm evolution,” The American Journal of
Pathology, vol. 168, no. 3, pp. 1022–1030, 2006.

[152] M. Kazi, J. Thyberg, P. Religa et al., “Influence of intraluminal
thrombus on structural and cellular composition of abdomi-
nal aortic aneurysm wall,” Journal of Vascular Surgery,
vol. 38, no. 6, pp. 1283–1292, 2003.

[153] A. Parr, M. McCann, B. Bradshaw, A. Shahzad, P. Buttner,
and J. Golledge, “Thrombus volume is associated with cardio-
vascular events and aneurysm growth in patients who have
abdominal aortic aneurysms,” Journal of Vascular Surgery,
vol. 53, no. 1, pp. 28–35, 2011.

[154] C. S. Moran, S. W. Seto, S. M. Krishna et al., “Parenteral
administration of factor Xa/IIa inhibitors limits experimental
aortic aneurysm and atherosclerosis,” Scientific Reports,
vol. 7, article 43079, 2017.

[155] A. Daugherty, M. W. Manning, and L. A. Cassis, “Angioten-
sin II promotes atherosclerotic lesions and aneurysms in apo-
lipoprotein E-deficient mice,” The Journal of Clinical
Investigation, vol. 105, no. 11, pp. 1605–1612, 2000.

[156] A. Nirula, S. M. Glaser, S. L. Kalled, and F. R. Taylora, “What
is IgG4? A review of the biology of a unique immunoglobulin
subtype,” Current Opinion in Rheumatology, vol. 23, no. 1,
pp. 119–124, 2011.

[157] R. Perez Alamino, C. Martinez, and L. R. Espinoza, “IgG4-
associated vasculitis,” Current Rheumatology Reports,
vol. 15, no. 8, p. 348, 2013.

[158] C. A. Perugino, Z. S. Wallace, N. Meyersohn, G. Oliveira, J. R.
Stone, and J. H. Stone, “Large vessel involvement by IgG4-
related disease,”Medicine, vol. 95, no. 28, article e3344, 2016.

[159] K. Raparia, C. P. Molina, G. Quiroga-Garza, D. Weilbaecher,
A. G. Ayala, and J. Y. Ro, “Inflammatory aortic aneurysm:
possible manifestation of IgG4-related sclerosing disease,”
International Journal of Clinical & Experimental Pathology,
vol. 6, no. 3, pp. 469–475, 2013.

[160] R. Hourai, S. Kasashima, K. Sohmiya et al., “IgG4-positive cell
infiltration in various cardiovascular disorders - results from
histopathological analysis of surgical samples,” BMC Cardio-
vascular Disorders, vol. 17, no. 1, p. 52, 2017.

[161] H. Kajander, T. Paavonen, T. Valo, M. Tarkka, and
A. A. Mennander, “Immunoglobulin G4-positive ascending
thoracic aortitis may be prone to dissection,” The Journal
of Thoracic and Cardiovascular Surgery, vol. 146, no. 6,
pp. 1449–1455, 2013.

[162] M. Tajima, R. Nagai, and Y. Hiroi, “IgG4-related cardiovas-
cular disorders,” International Heart Journal, vol. 55, no. 4,
pp. 287–295, 2014.

[163] H. Ito, Y. Kaizaki, Y. Noda, S. Fujii, and S. Yamamoto, “IgG4-
related inflammatory abdominal aortic aneurysm associated
with autoimmune pancreatitis,” Pathology International,
vol. 58, no. 7, pp. 421–426, 2008.

[164] N. Sakata, T. Tashiro, N. Uesugi et al., “IgG4-positive plasma
cells in inflammatory abdominal aortic aneurysm: the possi-
bility of an aortic manifestation of IgG4-related sclerosing
disease,” The American Journal of Surgical Pathology,
vol. 32, no. 4, pp. 553–559, 2008.

[165] S. Kasashima, Y. Zen, A. Kawashima et al., “Inflammatory
abdominal aortic aneurysm: close relationship to IgG4-
related periaortitis,” The American Journal of Surgical Pathol-
ogy, vol. 32, no. 2, pp. 197–204, 2008.

[166] S. Kasashima, Y. Zen, A. Kawashima, M. Endo,
Y. Matsumoto, and F. Kasashima, “A new clinicopathological
entity of IgG4-related inflammatory abdominal aortic aneu-
rysm,” Journal of Vascular Surgery, vol. 49, no. 5, pp. 1264–
1271, 2009.

[167] S. Kasashima and Y. Zen, “IgG4-related inflammatory
abdominal aortic aneurysm,” Current Opinion in Rheumatol-
ogy, vol. 23, no. 1, pp. 18–23, 2011.

[168] I. Tuleta, D. Skowasch, F. Aurich et al., “Asthma is associated
with atherosclerotic artery changes,” PLoS One, vol. 12,
no. 10, article e0186820, 2017.

[169] K. Z. Abd-Elmoniem, N. Ramos, S. K. Yazdani et al., “Coro-
nary atherosclerosis and dilation in hyper IgE syndrome
patients: depiction by magnetic resonance vessel wall imaging
and pathological correlation,” Atherosclerosis, vol. 258,
pp. 20–25, 2017.

[170] D. Tsiantoulas, I. Bot, M. Ozsvar-Kozma et al., “Increased
plasma IgE accelerate atherosclerosis in secreted IgM defi-
ciency,” Circulation Research, vol. 120, no. 1, pp. 78–84, 2017.

[171] A. F. Freeman, E. M. Avila, P. A. Shaw et al., “Coronary artery
abnormalities in hyper-IgE syndrome,” Journal of Clinical
Immunology, vol. 31, no. 3, pp. 338–345, 2011.

[172] C. L. Liu, J. Y. Zhang, and G. P. Shi, “Interaction between
allergic asthma and atherosclerosis,” Translational Research,
vol. 174, pp. 5–22, 2016.

[173] C. L. Liu, H. Wemmelund, Y. Wang et al., “Asthma associates
with human abdominal aortic aneurysm and rupture,” Arte-
riosclerosis, Thrombosis, and Vascular Biology, vol. 36, no. 3,
pp. 570–578, 2016.

[174] C. L. Liu, Y. Wang, M. Liao et al., “Allergic lung inflam-
mation aggravates angiotensin II-induced abdominal aortic

14 Journal of Immunology Research



aneurysms in mice,” Arteriosclerosis, Thrombosis, and
Vascular Biology, vol. 36, no. 1, pp. 69–77, 2016.

[175] L. M. Villar, B. Casanova, N. Ouamara et al., “Immunoglob-
ulin M oligoclonal bands: biomarker of targetable inflamma-
tion in primary progressive multiple sclerosis,” Annals of
Neurology, vol. 76, no. 2, pp. 231–240, 2014.

[176] G. M. Diepenhorst, C. L. Ciurana, N. Diaz Padilla et al., “IgM
antibodies against apoptotic cells and phosphorylcholine in
patients with acute myocardial infarction in relation to
infarct size and inflammatory response,” Advances in Clinical
and Experimental Medicine, vol. 21, no. 4, pp. 455–467, 2012.

[177] C. A. Gleissner, C. Erbel, J. Haeussler et al., “Low levels of nat-
ural IgM antibodies against phosphorylcholine are indepen-
dently associated with vascular remodeling in patients with
coronary artery disease,” Clinical Research in Cardiology,
vol. 104, no. 1, pp. 13–22, 2015.

[178] T. Kyaw, P. Tipping, A. Bobik, and B. H. Toh, “Protective role
of natural IgM-producing B1a cells in atherosclerosis,”
Trends in Cardiovascular Medicine, vol. 22, no. 2, pp. 48–
53, 2012.

[179] X. Wang, Q. Wang, and Z. Sun, “Normal IgG downregulates
the intracellular superoxide level and attenuates migration
and permeability in human aortic endothelial cells isolated
from a hypertensive patient,” Hypertension, vol. 60, no. 3,
pp. 818–826, 2012.

[180] S. V. Kaveri, M. Lecerf, C. Saha, M. D. Kazatchkine,
S. Lacroix-Desmazes, and J. Bayry, “Intravenous immuno-
globulin and immune response,” Clinical & Experimental
Immunology, vol. 178, no. S1, pp. 94–96, 2014.

[181] M. Ahmadi, S. Abdolmohammadi-vahid, M. Ghaebi et al.,
“Effect of intravenous immunoglobulin on Th1 and Th2
lymphocytes and improvement of pregnancy outcome in
recurrent pregnancy loss (RPL),” Biomedicine & Pharma-
cotherapy, vol. 92, pp. 1095–1102, 2017.

[182] M. S. Maddur, S. V. Kaveri, and J. Bayry, “Circulating normal
IgG as stimulator of regulatory T cells: lessons from intrave-
nous immunoglobulin,” Trends in Immunology, vol. 38,
no. 11, pp. 789–792, 2017.

[183] J. Zschüntzsch, Y. Zhang, F. Klinker et al., “Treatment with
human immunoglobulin G improves the early disease course
in a mouse model of Duchenne muscular dystrophy,” Journal
of Neurochemistry, vol. 136, no. 2, pp. 351–362, 2016.

15Journal of Immunology Research


	Modulation of Immune-Inflammatory Responses in Abdominal Aortic Aneurysm: Emerging Molecular Targets
	1. Introduction
	2. Innate Immunity
	2.1. TLRs in AAA
	2.1.1. TLR2
	2.1.2. TLR4
	2.1.3. TLR3

	2.2. Chemokine Receptors
	2.3. Complement

	3. Immune Cell Infiltration in AAA
	3.1. Macrophages
	3.1.1. Cytokines Modulating Macrophage Infiltration

	3.2. T Cells
	3.2.1. Th Cells
	3.2.2. Regulatory T (Treg) Cells
	3.2.3. CD8+ T Cells

	3.3. B Cells
	3.4. NK Cells
	3.5. Mast Cells
	3.6. Neutrophils

	4. ILT in AAA
	5. Immunoglobulins
	5.1. IgG
	5.2. IgE
	5.3. IgM

	6. Immune Regulation Application
	7. Conclusions
	Abbreviations
	Conflicts of Interest
	Acknowledgments

