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Cytokine Profile of Human Abdominal Aortic
Aneurysm: Involvement of JAK/STAT Pathway

Tomokazu Ohno, MD,! Hiroki Aoki, MBA, MD, PhD,2 Satoko Ohno, MD,3
Michihide Nishihara, MD,3 Aya Furusho, MD,3 Shinichi Hiromatsu, MD, PhD,’
Hidetoshi Akashi, MD, PhD,! Yoshihiro Fukumoto, MD, PhD,3 and Hiroyuki Tanaka, MD, PhD’

Objective: Abdominal aortic aneurysm (AAA) is charac-
terized by inflammation and destruction of normal tissue
architecture. The present study aimed to evaluate the in-
flammatory signaling cascade by analyzing the cytokines of
AAA tissue.

Materials and Methods: We analyzed the comprehensive
cytokine secretion profiles of 52 cytokines from human AAA
in four patients with AAA using fluorescent beads-based
multiplex assay. Further, the effect of janus kinase (JAK) inhi-
bition by pyridone 6 on cytokine profiles was also evaluated.
Results: Cytokine secretion profiles were found to be simi-
lar among the four patients. A high level of JAK/signal trans-
ducers and activator of transcription (STAT) pathway activity
in AAA tissue in culture was maintained, which may be
attributed to the secretion of endogenous JAK-activating cy-
tokines. Inhibition of JAK by pyridone 6 resulted in the sup-
pression of STAT3 phosphorylation and secretion of a subset
of chemokines and JAK-activating cytokines. However, the
inhibition of JAK had no effect on the secretion of matrix
metalloproteinase (MMP)-2, MMP-9, or TGF-$ family that is
responsible for the metabolism of extracellular matrix.
Conclusion: The findings of the present study suggested
that AAA tissue exhibits a stereotypical profile of cytokine

! Division of Cardiovascular Surgery, Department of Surgery,
Kurume University School of Medicine, Kurume, Fukuoka,
Japan

2Cardiovascular Research Institute, Kurume University,
Kurume, Fukuoka, Japan

3 Division of Cardiovascular Medicine, Department of In-
ternal Medicine, Kurume University School of Medicine,
Kurume, Fukuoka, Japan

Received: August 16, 2017; Accepted: October 7,2017
Corresponding author: Hiroki Aoki, MBA, MD, PhD. Cardio-
vascular Research Institute, Kurume University, 67 Asahimachi,
Kurume, Fukuoka 830-0011, Japan

Tel: +81-942-31-7880, Fax: +81-942-31-7707

E-mail: haoki@med.kurume-u.ac.jp

[(co) AT ©2018 The Editorial Committee of Annals of Vas-
cular Diseases. This article is distributed under the terms of the Creative
Commons Attribution License, which permits use, distribution, and repro-
duction in any medium, provided the credit of the original work, a link to
the license, and indication of any change are properly given, and the origi-
nal work is not used for commercial purposes. Remixed or transformed
contributions must be distributed under the same license as the original.

secretion, where JAK/STAT pathway may play a role in regu-
lating a subset of cytokines. Identification of such a cytokine
profile may reveal potential diagnostic markers and thera-
peutic targets for AAA.

Keywords: abdominal aortic aneurysm, cytokines, JAK/
STAT, pyridone 6

Introduction

Abdominal aortic aneurysm (AAA) is the most prevalent
aortic disease in the elderly, with unidentified etiology.!
AAA is primarily characterized by the weakening of aortic
walls because of degradation and extensive remodeling of
the load-bearing extracellular matrix (ECM), leading to
progressive dilatation of the abdominal aorta. Although no
symptoms are manifested in most patients, AAA progress
over the time and eventually ruptures, leading to high mor-
tality. Presently, the therapeutic strategy for AAA is limited
to surgical intervention with open repair or endovascular
stent-graft implantation for AAAs >5.5cm in diameter.
However, smaller AAAs are usually managed by “watchful
waiting,” as effective non-surgical therapy is unavailable.
Recently, studies have highlighted the significance of
inflammatory response in the degradation and remodeling
of ECM in AAA lesions.>? During vascular remodeling,
inflammatory cells secrete proteolytic enzymes including
matrix metalloproteinases (MMPs) that are involved in
the degradation of ECM in aortic walls.*) Various cell
types have been reported to be important in this inflam-
matory response, including monocytes/macrophages, mast
cells, neutrophils, and lymphocytes.23) In addition to the
secretion of tissue degrading enzymes, these cells secrete
a number of cytokines that mediate complex cell—cell
interactions and maintain and amplify the inflammation
cascade in aortic tissue. Thus, these cytokines regulate
migration, proliferation, differentiation, activation, and
survival of inflammatory and interstitial cells through
interactions with specific receptors on various cell types
and activate janus kinase (JAK)/signal transducers and
activator of transcription (STAT), nuclear factor-kappa B
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(NF«xB), and mitogen-activated protein kinase (MAP) ki-
nase signaling pathways, thus building a complex network
of inflammatory signaling.

Despite the fact that animal studies have identified sev-
eral potential therapeutic targets in the pathogenesis of
AAA, pharmacotherapy for AAA is yet to be established.
This is partially because of the complexity of human AAA
compared to animal models of AAA.5:6) To overcome the
problem, the characterization of inflammatory system in
human AAA tissue is necessary. Indeed, previous studies
have demonstrated the increased expression of proin-
flammatory cytokines at the mRNA and protein levels
in human AAA tissue.”) However, a number of cytokines
secreted from AAA tissue have not yet been analyzed.

Therefore, for better understanding of the inflammatory
signaling cascade in human AAA, we examined cytokine
secretions from the human AAA tissue in culture. Fur-
ther, we also studied the effect of pyridone 6, a pan-JAK
inhibitor, because JAK/STAT is one of the leading signal-
ing pathways in inflammatory response, reported to be
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involved in human AAA,® and hypothesized to have a
significant role in the pathogenesis of AAA.”)

Methods

Human AAA tissue culture

The Institutional Review Board of Kurume Univer-
sity Hospital approved all protocols that involved human
specimens, and all the samples were obtained with written
informed consent from the patients. Aortic wall speci-
mens were collected from randomly selected four patients
(Table 1) during the open aneurysm repair surgery to re-
place an aneurysm with the artificial graft as described be-
fore.19 The anterior aortic wall at the site of transition from
the normal diameter to the dilated lesion (approximately
30mm in length and 15 mm in width) was collected during
surgery (Figs. 1A and 1B). The specimens were immedi-
ately immersed in ice-cold phosphate buffered saline (PBS,
#10010023, Thermo Fisher Scientific, Waltham, MA, USA)
containing penicillin/streptomycin (1,000 units/mL each,

Table 1 Patient characteristics
Maximal Family
Patient Age Gender diameter Smoking HT DL DM COPD CVvD Other comorbidities Medication history of
(mm) CVD
#1 76 M 53 + - - - + - Appendicitis, right  Famotidine, -
femur fracture, magnesium
duodenal ulcer, oxide
ocular fundus
bleeding
#2 66 M 46 + + + - - - Aspirin, -
doxazosin,
nifedipine,
ketoprofen,
rosuvastatin,
probenecid,
ifenprodil
#3 77 M 47 + + o+ - - Coronary  Chronic kidney Warfarin, aspirin, Cardiac
artery disease (Stage 4) methyldigoxin, hypertrophy
disease carvedilol, (father)
enalapril,
azosemide,
spironolactone,
pravastatin,
ubidecarenone,
ethyl
icosapentate
#4 81 M 50 - + + - - - Melanoma, colon  Amlodipine, Congestive
cancer, prostate allopurinol, heart failure
cancer, hepatitis distigmine, (father)
C, cataract, bicalutamide,
glaucoma tamsulosin,
ezetimibe,
eviprostat

COPD: chronic obstructive pulmonary disease; CVD: cardiovascular disease; DL: dyslipidemia; DM: diabetes mellitus; HT: hypertension
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Fig. 1 Human AAA tissue culture and cytokine secretion. (A)
Depicted is the procedure of human AAA tissue culture.
The anterior aortic wall (approximately 30mm in length
and 15mm in width) was collected during surgery. The
aortic wall was cut into three pieces; proximal, middle, and
distal portions of the aortic wall. Each piece was further
cut into small pieces (approximately 2mmx2mm). Further,
the small pieces were transferred to a 12-well tissue cul-
ture plate, so that each well received an equal number of
pieces from the original proximal, middle, and distal portion
of the aortic wall. (B) Culture media was replaced with the
fresh DMEM to remove blood clots and tissue debris, 48 h
after starting the culture, and further experiments were
conducted. After another 48h of incubating the culture
with the indicated concentrations of pyridone 6, the culture
media was collected to measure the levels of cytokines
secreted into the media. (C) Quantitative analysis of the
basal secretion in human AAA tissue culture from four
patients is demonstrated for a panel of 49 cytokines.
Conditioned media was collected after incubating with
human AAA tissue in 12-well culture plates for 48h, and
subjected to the beads-based multiplex assay. Data are
expressed as meansztstandard errors from 4-8 wells of a
12-well culture plate with similar culture conditions.

#15140122, Thermo Fisher Scientific, Waltham, MA, USA)
to minimize the proinflammatory effect of microbes, and
transported to the laboratory. In the laboratory, the aortic
wall specimens were transferred to Dulbecco’s modified
Eagle medium (DMEM) supplemented with penicillin and
streptomycin (1,000 units/mL each), rinsed and cleaned of
the blood clot and loose connective tissue aseptically. Be-
cause of heterogeneity in the histopathological features of

the aortic aneurysmal walls, the following procedure was
performed to minimize variation in tissue content in each
well of the 12-well culture plate. The aortic wall was cut
into three pieces; proximal, middle, and distal portions of
the aortic wall. Each piece was further cut into small pieces
(approximately 2mm X2 mm). Further, the small pieces
were transferred to the 12-well tissue culture plate, such
that each well received an equal number of pieces from the
original proximal, middle and distal portion of the aortic
wall. After this preparatory procedure, the specimens were
cultured in 2mL DMEM at 37°C in a humidified incuba-
tor with 5% CO, and 95% room air. After 48 h, the culture
media was replaced with fresh DMEM to remove blood
clots and tissue debris, and further experiments were con-
ducted. The AAA tissue culture was maintained for 48h
to obtain conditioned media to detect the basal cytokine
secretions (PRE group). Furthermore, the culture media
was replaced with the fresh DMEM with 0, 1, and 10 uM
pyridone 6 (#420099, Millipore, Burlington, MA, USA)
or 100ng/mL IL-6 (#206-IL, R&D Systems, Minneapolis,
MN, USA). After 48 h, the conditioned media was collected
to measure cytokine secretion (POST group) in the pres-
ence or absence of pyridone 6 or IL-6.

Expression assays

We measured the profiles of 52 cytokines (Table 2) that
were secreted into the conditioned media using fluo-
rescent beads-based multiplex assay (Bio-Plex, Bio-
Rad, Hercules, CA, USA), using human cytokine
27-plex (#MS500KCAFOQY, Bio-Rad), cytokine 21-plex
(#MFO00SKMII, Bio-Rad), VCAM-1 (#171B6022M,
Bio-Rad), ICAM-1 (#171B6009M, Bio-Rad), and human
TGF-B 3-plex (#171W4001M, Bio-Rad) assays accord-
ing to the manufacturer’s protocol. Cytokine secretion
was normalized for the wet weight of tissue as measured
by the end of culture. The effect of pyridone 6 or IL-6
on cytokine secretion was estimated by calculating the
ratio of cytokine secretion in the presence and absence
of pyridone 6 or IL-6 (POST) to the basal cytokine secre-
tion (PRE) (Fig. 1). Immunoblotting was performed for
phosphorylated STAT3 (Tyr705, #9145, Cell Signaling
Technology, Danvers, MA, USA), total STAT3 (#4904,
Cell Signaling Technology), and GAPDH (#MAB374,
Millipore), which served as the internal reference. Gelatin
zymography was performed using the Novex zymogram
system (#EC6175BOX, Thermo Fisher Scientific) accord-
ing to the manufacturer’s instruction.

Statistical analyses

All the statistical analyses were performed using Graph-
Pad PRISM (Ver. 5, GraphPad Software, La Jolla, CA,
USA). The data are expressed as mean *standard errors.
Mann-Whitney U test was used to compare the difference
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Table 2 Cytokine panel in this study

Abbreviations Common names

CTACK Cutaneous T cell-attracting chemokine (CCL27)

Eotaxin Eotaxin (CCL11)

FGF basic Fibroblast growth factor basic (FGF2)

G-CSF Granulocyte colony-stimulating factor (CSF3)

GM-CSF Granulocyte macrophage colony-stimulating
factor

GROa Growth-regulated protein alpha (CXCL1)

HGF Hepatocyte growth factor

ICAM-1 Intercellular adhesion molecule-1

IFN-y Interferon-y

IL-10 Interleukin-10

IL-12 p40 Interleukin-12 p40 subunit

IL-12 p70 Interleukin-12 p70 subunit

IL-13 Interleukin-13

IL-15 Interleukin-15

IL-16 Interleukin-16

IL-17 Interleukin-17

IL-18 Interleukin-18

IL-1ra Interleukin-1 receptor antagonist

IL-1a Interleukin-1a

IL-1B Interleukin-1

IL-2 Interleukin-2

IL-2Ra Interleukin-2 receptor a chain

IL-3 Interleukin-3

IL-4 Interleukin-4

IL-5 Interleukin-5

IL-6 Interleukin-6

IL-7 Interleukin-7

IL-8 Interleukin-8 (CXCLS8)

IL-9 Interleukin-9

IP-10 Interferon-y-induced protein 10 (CXCL10)

LIF Leukemia inhibitory factor

M-CSF Macrophage colony-stimulating factor (CSF1)

MCP-1 Monocyte chemoattractant protein-1 (CCL2)

MCP-3 Monocyte chemoattractant protein-3 (CCL7)

MIF Macrophage migration inhibitory factor

MIG Monokine induced by y-interferon (CXCL9)

MIP-1a Macrophage inflammatory protein-1a (CCL3)

MIP-1B Macrophage inflammatory protein-1 (CCL4)

PDGF-BB Platelet-derived growth factor-BB

RANTES Regulated on activation, normal T cell expressed
and secreted (CCL5)

SCF Stem cell factor

SCGF-B Stem cell growth factor-g (CLEC11A)a

SDF-1a Stromal cell-derived factor 1alpha (CXCL12)

TGF-B1 Transforming growth factor-1

TGF-B2 Transforming growth factor-g2

TGF-B3 Transforming growth factor-3

TNF-a Tumor necrosis factor-a (TNF)

TNF-B Tumor necrosis factor-f (lymphotoxin-a) (LTA)

TRAIL TNF-related apoptosis-inducing ligand
(TNFSF10)

VCAM-1 Vascular cell adhesion molecule-2

VEGF Vascular endothelial growth factor

B-NGF -nerve growth factor
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between the two groups. Kruskal-Wallis test was used to
compare three or more groups with Dunn’s correction for
multiple comparisons. A p value =0.05 was considered
statistically significant.

Results

Cytokine profile in AAA tissue culture

We determined the culture media levels for 52 cytokines
(soluble mediators) in the cultures of AAA derived from
four patients. The cytokine profile revealed minute varia-
tion for each cytokine in a set of tissue cultures obtained
from a single patient, possibly reflecting the heterogene-
ity of AAA tissue (Fig. 1C). However, variation among
cytokines for a single patient was small as compared to
the difference in cytokine levels among the four patients,
and the orders of the cytokines were similar among the
patients. Functional class of cytokines which had the high-
est level of secretion were JAK/STAT-activating cytokines:
IL-6, MIF, LIF, and IFN-y, chemokines; MCP-1, IL-8,
MIG, IP-10, and GROa, growth factors; SCGF-B, HGE,
and VEGE, and cell adhesion molecules; ICAM-1 and
VCAM-1. These findings suggested that the intrinsic mani-
festation of inflammation was similar among the patients.

Effect of JAK inhibition on cytokine secretions
Further, we examined the effect of pyridone 6, a pan-JAK
inhibitor, on the activation of STAT3 (phosphorylation
at Y705) and cytokine secretions. Pyridone 6 suppressed
the phosphorylation of STAT3 during the 48 h of culture,
without affecting the expression of STAT3 (Figs. 2A-2C).

Moreover, to evaluate the role of JAK/STAT pathway in
ECM degradation, we examined the effect of pyridone 6
on the secretion of MMP-2 and MMP-9 by gelatin zymog-
raphy (Fig. 2D). Both MMP-2 and MMP-9 were detected
at significant levels in the culture supernatant of human
AAA tissue. However, the treatment of AAA culture with
pyridone 6 exhibited no apparent effect on the secretion
of MMP-9 or MMP-2 at 1uM and may have caused
marginal suppression of MMP-2 at 10 uM. Further, the
addition of exogenous IL-6 had no significant effect on
the secretion of MMP-9 or MMP-2, probably because of
high endogenous IL-6 secretion level during tissue culture.
These results suggested that JAK/STAT pathway does not
play a significant role in the secretion of these MMPs.

We measured the secretions of TGF-B1, TGF-B2, and
TGF-B3 (Fig. 2E), which are important for the regulation
of inflammation and ECM metabolism and their sensitiv-
ity to pyridone 6 (Fig. 2F) in two sets of human AAA cul-
ture from different patients. The secretion of TGF-f iso-
forms was comparable between the two sets of culture,
where TGF-B1 had the highest expression. None of the
TGF-B isoforms were sensitive to pyridone 6, indicating
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Fig. 2 Effect of pyridone 6 on the activity of STAT3, MMPs, and
TGF-B in human AAA tissue culture. Effect of pyridone 6
on STAT3 activity was evaluated by immunoblotting for
activated (phosphorylated) STAT3 (P-STAT3) and total
STATS3 after incubation of the AAA tissue with the indicated
concentration of pyridone 6 for 48h. (A) Representative
images of immunoblotting for P-STAT3 and STAT3 are
shown, and GAPDH was used as the internal control.
(B) Expression levels of P-STAT3 normalized to that
of GAPDH are represented. (C) Expression levels of
STAT3 normalized to that of GAPDH are represented. (D)
Secretions of MMP-9 and -2 were evaluated by gelatin
zymography of the conditioned media. After collecting the
basal secretion for 48h, AAA tissue culture was treated
with or without 100 ng/mL IL-6 and the indicated concentra-
tions of pyridone 6. (E) Basal secretions of TGF-f family
are shown in the conditioned media after 48 h of culture.
(F) The effect of 10uM pyridone 6 on the secretions of
TGF-B family of cytokines is represented. Data are ex-
pressed as meanszstandard errors. The sample without
pyridone 6 treatment was assigned a value of 1. *p<0.05.

that TGF-B secretion was independent of JAK/STAT path-
way in this experimental condition.

Next, we evaluated the effect of pyridone 6 (10uM) on a
panel of cytokine secretions. The secretion level of a subset
of cytokines decreased; however, treatment with pyridone 6
did not increase the secretion levels of any of the cytokines
(Fig. 3A). There was no significant correlation between the
pyridone 6 sensitivity and cytokine secretion levels (Fig.

A P6/Cont ratio

SDF-1a *
IL-1p
IL-1a
IL-2 *
IL-15 *
Eotaxin *
IL-2Ra
IFN-y
TNF-B
IL-5
B-NGF
IL-9 *
1L-10
PDGF-8B *
-CSF
MIF

17
FGF basic

MCP-1
IL-13
SCGF-B

P6/Cont

0.8

0.6

0.4

log [basal secretion]

Fig. 3 Effect of pyridone 6 on cytokine secretions in human AAA
tissue culture. Human AAA tissue was cultured for 48h
without any treatment to measure the basal cytokine se-
cretion (basal secretion). AAA tissue was further cultured
with or without 10 uM pyridone 6 for another 48h (secre-
tion after treatment). The effect of pyridone 6 on cytokine
secretion was assessed by the P6/Cont ratio as indicated
in Fig. 1. Data are expressed as meansztstandard errors
in the order of the P6/Cont ratio. *p<0.05 for the P6/Cont
ratio of the corresponding cytokines.

3B). The functional classes of pyridone 6-sensitive cytokines
were JAK/STAT-activating interleukins (IL-2, IL-4, IL-9, IL-
12p70, IL-15, and IL-18), chemokines (MCP-3, MIP-1p,
IL-8, SDF-1a, and Eotaxin), and growth factors (VEGF and
PDGF-BB). These results indicated that JAK/STAT pathway
promotes the secretion of a subset of cytokines.

Discussion

In the present study, we examined the cytokine secretion
profile of AAA tissue in culture, which revealed reproduc-
ible cytokine profiles among the four sets of tissue culture
derived from different patients. The results were largely
consistent with previous studies that examined either the
relative expression levels of a panel of cytokines using
immunoassays, quantitative reverse-transcriptase poly-
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merase chain reaction (RT-PCR), and deoxyribonucleic
acid (DNA) microarray or the absolute expression levels
of specific cytokines by enzyme-linked immunosorbent as-
says (ELISAs).” Furthermore, we also evaluated the effect
of pyridone 6, a pan-JAK inhibitor, to determine whether
or not JAK/STAT pathway regulates the secretion of a
subset of cytokines in AAA tissue culture.

Studies indicate that inflammatory responses may
contribute to aortic wall destruction in AAA.23) Because
inflammatory cells and interstitial cells work in concert
through various cytokines to maintain and promote
inflammation, cytokines and their signaling pathways
represent potential diagnostic markers and therapeutic
targets.”) It is noteworthy that cytokine therapy has al-
ready been applied in clinical practice as neutralizing
antibodies and decoy receptors for TNF-q, IL-6, and other
cytokines, which resulted in excellent clinical outcomes
in inflammatory disorders, including rheumatoid arthri-
tis, inflammatory bowel syndrome, and psoriasis.!!) To
identify the significance of cytokine therapy for AAA, it
is essential to understand how cytokines are involved in
the pathogenesis of AAAs.67) Previous studies have dem-
onstrated that cytokine inhibition, including MCP-1,12)
IP-10,13 TNF-q,415 IL-1B,16 IL-4,17 IL-5,18 1L-17,19
IFN-y,20 SDF-1,21) GM-CSE22 and VEGE??3) was effective
in suppressing the development of AAA in mice. However,
other cytokines, including TGF-,242%) I1L-10,2%) IP-10, and
IFN-y,13) have been reported to exhibit protective effects
in experimental AAA. Furthermore, studies have also
highlighted the complexity of the inflammatory network
and cytokine functions as exemplified by the fact that
IFN-y and IP-10 have been reported to have either pro-
motive or suppressive effects in experimental AAA.13:20)
Although animal studies have provided critical knowl-
edge in understanding the mechanism of AAA, no single
model recapitulates all the characteristics of human AAA.
Besides, owing to the heterogeneity in histopathology!)
and clinical courses among patients,?®) cytokine profiles
may be different among patients. Therefore, in addition
to animal models of AAA, the role of cytokines should be
characterized in the context of human AAA.® Notably,
while the overall profile of cytokine secretions was similar
in the four patients in the present study, some of the highly
expressed cytokines, including MCP-1, SCGF-B, LIE, and
G-CSE, exhibited a difference of >10-fold among the pa-
tients. Whether and how differences secretion profiles of
specific cytokines reflect AAA activity and status remains
to be elucidated in future research.

Our results indicated that STAT3 was found to be highly
activated in human AAA tissue for several days in culture.
Moreover, the exogenous addition of IL-6 to the tissue cul-
ture did not affect P-STAT3 levels (data not shown); it is
possible that JAK/STAT pathway was already activated by

Cytokine Profile of Human AAA

the endogenous inflammatory cytokines within the AAA
tissue as previously reported.8) Indeed, IL-6 accumulated
to approximately 100 ng/mL during 48 h of tissue culture,
which would be sufficient to fully activate STAT3. In turn,
JAK/STAT pathway in AAA tissue may promote the secre-
tion of a subset of cytokines, as previously reported?7:28)
and as demonstrated in the present study. However, con-
sistent with previous reports,2%3% JAK/STAT pathway did
not appear to regulate the secretion of MMP-2, MMP-9,
or TGF-f family.

The major limitations of the present study are the small
number of patients, which precluded thorough character-
ization of the inflammatory network in human AAA tissue.
Also, the role of cytokines that promote cell infiltration in
the pathogenesis of AAA may be underestimated, because
tissue in culture does not have a continuous supply of in-
flammatory cells from the bloodstream and surrounding
tissue. Another limitation was the absence of normal tissue
or tissue with other aortic diseases for comparison in the
experimental group, which precluded the identification of
AAA-specific cytokines. Because of these limitations, the
present study should be observed as an initial screening for
cytokines secreted at high levels among a panel of cytokines
to characterize the inflammatory network within human
AAA tissue. Besides, it should be noted that isolated tissue
in culture differs starkly from aortic tissue in patients. For
example, the aortic tissue in culture is free from hemody-
namic stress, circulating humoral factors, or neuronal stim-
uli. Future studies are required to test whether cytokines
secreted at high levels and their signaling pathways can
serve as diagnostic markers or therapeutic targets for AAA.

Conclusion

In conclusion, we have characterized the profile of the
secreted cytokines in AAA tissue, which appeared to be
partly maintained by endogenous JAK/STAT pathway.
Deciphering such an inflammatory network would lead
to the identification of therapeutic targets, including cy-
tokines and signaling molecules, and diagnostic markers
for evaluating the activity of chronic inflammation in the
pathogenesis of AAA.
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