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The aim of this study was to examine aortic biopsies
with a cytokine array to identify new cytokines associ-
ated with abdominal aortic aneurysm (AAA). We as-
sessed the relative expression of 79 cytokines using
antibody-based cytokine arrays in a total of 12 AAA and
12 control aortic biopsies. Based on these findings we
validated the findings for one cytokine by examining a
further 11 AAA and 11 atherothrombosis biopsies and
serum from 1028 men, 315 of whom had an AAA. Three
cytokines (interleukins 1B and 8, and Chemokine CC
motif ligand 22 [CCL22]) were consistently up-regulated
in AAA biopsies. Since CCL22 had not previously been
associated with aortic dilatation, we confirmed the up-
regulation of this cytokine in further tissue biopsies and
serum using enzyme-linked immunosorbent assay. Me-
dian serum concentrations of CCL22 were greater in
men with AAA (0.69 ng/ml) than controls (0.56 ng/ml,
P < 0.01). Serum CCL22 was independently associated
with both small (OR 1.51, 95% CI 1.21-1.88) and large
AAA (OR 1.33, 95% CI 1.08-1.62) after adjusting for
other risk factors. The association between CCL22 and
AAA was also confirmed using immunohistochemis-
try. The results presented in this study demonstrate a
novel association between CCL22 and AAA as well as
illustrate how a protein array can be used to identify
novel markers of potential pathogenic and diagnostic
significance for AAA. (4m J Pathol 2010, 176:2098-2106;
DOI: 10.2353/ajpath.2010.090416)

Abdominal aortic aneurysm (AAA) is recognized as an
important cause of mortality.’ Marked accumulation of leu-
kocytes, macrophages, B and T cells is a consistent finding
in biopsies of human AAA .22 The influx, migration, and
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effects of these cells are controlled by an array of pro-
inflammatory cytokines, chemokines, and growth factors
(referred to collectively as cytokines in this article).*® High
concentrations of various cytokines have been demon-
strated in both AAA biopsies and within the circulation of
patients with AAA.°~8 Some cytokines, such as interleukin
(IL) 6, have been shown to be present within the circulation
atincreased concentrations distal to AAAs, suggesting they
are released directly from the aortic wall.® At present, how-
ever, which cytokines are most relevant to AAA is not clear.
We hypothesized that cytokines up-regulated within hu-
man AAA biopsies would also be present in increased
concentrations within the circulation of patients. The aim of
this study was to identify cytokines consistently up-regu-
lated within human AAA biopsies using antibody arrays to
measure relative expression of 79 proteins. The up-regula-
tion of one cytokine in human AAA, not previously associ-
ated with aortic dilatation, was validated in additional aortic
biopsies using alternative outcome techniques and further
examined within the blood of 1028 men to assess any
association between circulating levels and AAA.

Materials and Methods
Study Design and Patients

We initially performed three studies to identify and vali-
date cytokines differentially expressed in AAAs using a
total of 46 biopsies from 23 patients with AAAs and 15
patients with atherothrombosis. In study 1, we compared
the relative concentrations of 79 different cytokines (listed
in Supplemental Table S1 at http://ajp.amjpathol.org) in
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biopsies from the center of AAAs (n = 4) to those from
patients with aortic atherosclerosis (n = 4). In study 2, we
compared the relative concentrations of the same 79
cytokines in biopsies removed from the body (n = 8) and
the nonaneurysmal neck of AAAs (n = 8). In study 3 we
attempted to validate the findings for one cytokine in
more detail using the alternative measurement technique
of enzyme-linked immunosorbent assay (ELISA). We
compared the concentration of this cytokine in biopsies
from the wall of AAAs (n = 11) and those from atheroma
removed from patients with atherothrombosis (n = 11).
Finally, in study 4, we assessed the association between
circulating levels of two cytokines and AAA presence
(n = 1028). No patient was included in more than one
study. Patients were recruited from Queensland for the
aortic biopsy investigations (studies 1, 2 and 3). Inclusion
criteria included age between 65 and 80 years, absence
of diabetes and treatment by angiotensin converting en-
zyme inhibitor or angiotensin receptor blockers. The latter
patients were excluded due to the potential effect of
diabetes and angiotensin inhibition on cytokine concen-
trations.®'° All patients were receiving aspirin and a sta-
tin, in line with current recommendation.’' For study 4, we
used subjects from the Health In Men Study, which has
previously been described in detail.'? From this cohort of
men we assessed samples from all men with AAAs with
available blood samples (n = 315 of which aortic diam-
eter distribution was 245 with 30 to 39 mm, 53 with 40 to
49 mm, and 17 with =50 mm) and randomly selected a
further 713 men without AAAs as controls. AAA was
defined as maximum infrarenal aortic diameter =30 mm
assessed by ultrasound (study 4) or computed tomogra-
phy (studies 1, 2, and 3), as in previous studies in which
we have reported reproducibility of these techniques.'®
Ethics approval was provided for these studies from the
relevant committees. All patients provided written con-
sent to their inclusion.

Aortic Biopsies

Full thickness biopsies were taken from the anterior wall
of the infrarenal aorta near its center opposite the inferior
mesenteric artery in patients undergoing repair of AAA
(n = 28) or bypass for atherothrombosis (n = 4). Adher-
ent thrombus was carefully removed from the luminal side
of the samples. In eight patients additional biopsies were
also taken from the AAA at the site of the proximal graft
anastomosis where the aortic diameter was relatively nor-
mal (study 2). Aortic biopsies were initially stored at
—80°C before batch analysis. Biopsies were ground un-
der liquid nitrogen, and proteins were extracted and
quantified as previously described.'

Peripheral Atheroma Biopsies

To more precisely assess the location of one cytokine
and to assess the validity of our findings from the cytokine
array we analyzed the concentration of CCL22 in ather-
oma biopsies removed as part of a femoral (n = 5) or
carotid endaraterectomy (n = 6). The atheroma biopsies
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were taken from the macroscopically diseased site of the
endarterectomy sample and processed in the same man-
ner as the aortic biopsies.

Cytokine Arrays

Human cytokine antibody arrays for tissue lysates were
obtained commercially (Millipore, AA2005H-8) and assayed
as per manufacturer’s instructions. Array membranes con-
sisted of immobilized antibodies to 79 cytokines (see Sup-
plemental Table S1 at http.//ajp.amjpathol.org). The arrays
for each comparison (study 1: 4 AAAs versus aortic athero-
thrombosis; study 2: 8 body versus neck of AAAs) were
developed together. Briefly, array membranes where incu-
bated for 2 hours at room temperature with 50 ug of protein
extracted from relevant aortic biopsies. Membranes were
washed and incubated a further 2 hours with a cocktail of
biotin-conjugated, anti-cytokine, primary antibodies before
a 1-hour incubation in the presence of horseradish peroxi-
dase (HRP)-conjugated streptavidin. Cytokine signal (array
spot) was visualized using enhanced chemiluminescence
(ECL Advance; Amersham Biosciences) and assessed us-
ing the ChemiDoc imaging system (Bio-Rad Laboratories)
and QuantityOne 1-D Analysis Software (Bio-Rad Labora-
tories). Relative concentration of cytokines was quantified
by spot volume taking into account area, density, and nor-
malization, and then referred to by convention as relative
density units.'

Histology and Immunohistochemistry

A random selection of AAA (n = 4) and atheroma (n = 4)
biopsies were examined by histology and immunohisto-
chemistry. Eight-micron cryostat sections fixed with 75%
chilled methanol in PBS for 10 minutes were stained
using Verhoeff’'s elastin method and counterstained with
van Geison's stain. Briefly hydrated sections were
stained for 15 minutes in Verhoeff’s solution then differ-
entiated with 2% ferric chloride. Counterstaining was per-
formed with van Geison'’s stain for 2.5 minutes then sec-
tions were dehydrated and mounted as per standard
methods. Immunohistochemistry was performed using
the Rennaissance TSA biotin amplification system (Perkin
Elmer, NEL700001KT) and chromogenic diaminobenzi-
dine substrate (Immpact, Vector labs, SK-4105). The pri-
mary antibodies (Abs) used were from a variety of sources:
Control mouse Abs (BD Pharmingen), conlgG,-fluores-
cein isothiocyanate (FITC) (1/50, Dako, X0927), CD68-
FITC (1/50, Dako, F7135), neutrophil elastase (1.1 ug/ml,
Dako, M0752), mast cell tryptase (0.85 ng/ml, Dako,
M7052), goat 1gG (8 wg/ml, Vector labs, 1-5000), goat
anti-CCL22 (8 pg/ml, Santa Cruz, SC-12285), and goat
anti-CCR4 (8 ng/ml, Santa Cruz, SC-6126). Two different
secondary Ab systems were used. For the unlabeled
primary Abs, the multilink-biotin/streptavidin-HRP system
was used (both at 1/500, Dako, E0453/P0397) for the
FITC labeled primary Ab, the secondary used was HRP-
conjugated rabbit anti-FITC Ab (1/1000, Invitrogen,
A-212253). Several steps were used to minimize back-
ground staining; an initial 30-minute 0.3% hydrogen per-
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oxide incubation to block endogenous peroxidase activ-
ity, a 15-minute 10% normal serum block matched to the
secondary Ab, 15-minute incubation to block endoge-
nous activity due to avidin and biotin (Vector labs, SP-
2001), and inclusion of 2% normal serum matched to the
secondary in the secondary Ab incubation step. The
sections were also counterstained with hematoxylin.

Blood Assays

Chemokine CC maotif ligand 22 (CCL22) and interleukin
(IL)-6 were assessed in serum and plasma, respectively,
using ELISA according to manufacturer’s instructions
(R&D Systems). Detection limits for these assays were
7.8 and 1.1 pg/ml. We included eight repeat samples
between assay days to assess errors. Intra- and interas-
say coefficients of variations were between 3 and 10%
and concordance correlation coefficients between 0.91
and 0.99. C-reactive protein was measured by a high-
sensitivity assay, with the use of the particle-enhanced
immunonephelometry system on the BNII analyser.

Assessment of Biopsies in Study 3

Protein was extracted from the biopsies as for the cytokine
array and CCL22 measured by ELISA (R&D Systems).

Analysis of the Results of the Cytokine Arrays

The arrays incorporated a number of technical controls.
Each membrane contained three negative controls de-
signed to set the minimum intensity to differentiate from
background staining. Each membrane also contained six
positive controls designed to develop within the middle of
the dynamic range of the test and therefore allow com-
parison between arrays. These controls were used to
normalize array results thereby allowing comparison be-
tween membranes. First the mean intensity for negative
controls (n = 3) were calculated for each membrane and
any spots with readings below this reading were desig-
nated as zero. Next the mean intensity for positive con-
trols (n = 6) were calculated for each membrane and
used to normalize between membranes. Relative aortic

cytokine concentrations after normalization were ex-
pressed as relative density units per ug of protein. Find-
ings were compared between AAA and athero-thrombo-
sis biopsies or between body and neck of AAA samples
using Mann Whitney U-test and Wilcoxon signed rank
test, respectively. Results were corrected for multiple
testing to generate false discovery rate adjusted P val-
ues, as previously described.'®'® Cytokines were con-
sidered to be consistently significantly differentially ex-
pressed if they were similarly measured at increased or
decreased concentrations relative to control biopsies in
both studies 1 and 2 with corrected P values of =0.05.

Analyses of Studies 3 and 4

The cytokine concentrations measured in biopsies of
AAA and atherothrombosis by ELISA in study 3 were
compared with Mann Whitney U-test. In study 4, charac-
teristics of patients with and without AAA were initially
compared using x° for nominal variables and Kruskal
Wallis test for continuous variables. To compare serum
cytokines between patients with and without AAA multiple
logistic regression was used to adjust for other risk fac-
tors (age, hypertension, coronary heart disease, dyslipi-
demia, smoking, diabetes, aspirin prescription, serum
creatinine, C-reactive protein, and waist-hip ratio). These
risk factors were adjusted for since they have previously
been associated with AAA or found to influence circulat-
ing cytokine concentrations. The association of circulat-
ing cytokines with AAA was further investigated using
receiver operating characteristic curves and area under
the curve. We used two-sided statistical tests.

Results

Cytokines Differentially Expressed in AAA and
Control Biopsies Defined by Antibody Arrays

The characteristics of the patients included in the aortic
cytokines antibody array investigations (studies 1 and 2)
are shown in Table 1. The patients and controls were
carefully matched for age, risk factors, and medication

Table 1. Comparison of Patients with and without AAA Undergoing Aortic Cytokine Measurements

Study One Two Three

group AAA Atherothrombosis AAA AAA Atherothrombosis
Number 4 4 8 11 11
Maximum aortic diameter (mm) 60 (60-68)* 20 (18-24)* 60 (50-70)F 62 (56-65)* 23 (18-25)*
AAA neck diameter (mm) NA NA 22 (20-26)t NA NA
Age (years) 72 (65-79) 69 (65-75) 72 (67-77) 71(67-78) 70 (68-74)
Male 4 4 4 11 11
Hypertension 3 3 6 8 9
Ever smoker 3 4 6 9 11
CHD 3 3 5 5 6

Nominal variables are presented as numbers. Continuous variables are presented as median (inter-quartile range) and compared by Mann-Whitney
U test. CHD = coronary heart disease; AAA = abdominal aortic aneurysm. *Maximum aortic diameter was greater in patients with AAA, as compared
with those with atherothrombosis in studies 1 and 3, P = 0.03 and <0.01, respectively, by Mann-Whitney U test. TAortic diameter was significantly
greater in the body compared with the proximal neck of the AAAs included in studies 2, P < 0.01 by Mann-Whitney U test. NA = Not assessed.
Patients were only included if they were aged 65 to 80 years, were not diabetic and were receiving statins.



history, as explained in Methods and Materials, and by
virtue of using control biopsies from the AAA neck in
study 2. Examples of the histological characteristics of
the biopsies are shown in Figure 1, A-F. A total of 15
cytokines were differentially expressed between biopsies
of four AAAs and four atherothrombotic aortas in study 1.
Seven cytokines were present at greater concentrations
within AAA biopsies (tumor necrosis factor [TNF] receptor
superfamily [TNFRSF]11B, IL1B, IL5, IL8, IL10, TNFa,
CCL22), while eight were more highly expressed in samples
of atherothrombosis (CCL4, CCL5, CCL26, chemokine
C-X-C ligand [CXCL]9, interferon [INF]y, angiogenin,
neurotrophin 3, insulin-like growth factor [IGF]BP2; see
Supplemental Table S1 for details at http://ajp.amj-
pathol.org). In study 2, 18 cytokines were up-regulated
within the body compared with the non-dilated neck of a
further eight AAAs (CCL2, CCL4, CCL5, CCL22, CXCL2,
CXCL5, IL1A, IL1B, IL3, IL8, INFy, IGF1, transforming
growth factor [TGF]B2, TNFB, glial cell line derived neu-
rotrophic factor [GDNF], KIT ligand [KITLG], creatine
kinase (CK), tissue inhibitor of metalloproteinase [TIMP]1;
Supplemental Table S1 at http://ajp.amjpathol.org). Three
cytokines, namely IL1B, CCL22, and IL8, were consis-
tently differentially expressed in the 12 AAA biopsies
relative to the 12 control biopsies in both studies (Table
2). These cytokines were significantly up-regulated in
AAA biopsies relative to both groups of control samples.

Validation of Up-Regulation of CCL22 in AAA
Biopsies

From the three cytokines consistently up-regulated within
AAA biopsies in studies 1 and 2 we selected one for further
assessment, namely CCL22, in a validation study (study 3)
using alternative samples (11 AAA and 11 atherothrombo-
sis biopsies) and outcome assessment method. This cyto-
kine was chosen since the other two cytokines have previ-
ously been demonstrated to be up-regulated within AAA
biopsies in numerous other studies.'”2? The characteris-
tics of the patients included in study 3 are shown in Table 1.
The risk factors for patients with AAA and peripheral ather-
oma were similar. The median concentrations of CCL22 in
the biopsies of AAA and atheroma were 14.50 (n = 11,
interquartile range 10.00-18.77) and 0.09 (n = 11, inter-
quartile range 0.08—0.15) pg/mg of protein respectively,
P < 0.0001. CCL22 concentrations were similar in atheroma
removed from the femoral (n = 5, median 0.08 pg/mg of
protein, interquartile range 0.01—0.11) and carotid arteries
(n = 6, median 0.12 pg/mg of protein, interquartile range
0.08-0.25), P = 0.13.

Distribution of CCL22 and Its Receptor in AAA
Biopsies

The expression of CCL22 was further investigated using
immunohistochemistry. Staining for CCL22 was noted to be
strongest within the intima and adventitia of biopsies from
the body of AAAs (Figure 2, A-L, and Figure 3, A-G). There
was much less staining found in biopsies from the neck of
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Figure 1. Examples of histological findings of biopsies taken from the neck
(A, B, ©) and body (D, E, F) of an aortic aneurysm. Sections were stained by
the Verhoeff-van Gieson technique, which stains collagen red, elastin black,
and nuclei gray. Photomicrographs are at X10 (A and D) and X40 (insets of
media highlighted with black circles, B and E, and adventitia highlighted
with blue circles, C and F). The section from the AAA neck biopsy illustrates
a relative maintained elastic media (A and B) with minimal infiltration of the
adventitia by inflammatory cells (A and C, highlighted with a green circle).
In contrast the biopsy from the body of the AAA has marked medial elastin
degradation (D and E) and infiltration of the adventitia by inflammatory cells
(D and F).



2102 Golledge et al
AJP May 2010, Vol. 176, No. 5

Table 2. Relative Concentrations of Three Cytokines Consistently Up-Regulated in Human AAAs Biopsies
One Two
FDR-
Experiment Fold P adjusted Fold P adjusted
Cytokine AAA Atherothrombosis difference values* P values Body Neck difference values! P values

CCL22  257(2.01-3.03) 1.40(1.15-1.45)  1.84 0.01
IL1B 1.93(1.25-2.41)  0.51(0.05-0.92)  3.78 0.01
IL8 15.70 (13.53-17.79) 7.68 (7.05-9.72)  2.04 0.02

37.56 (36.08-39.59) 17.24 (10.93-19.88)  2.18 0.01 0.05
49.80 (37.78-60.13) 27.76 (21.09-33.39)  1.79 0.01 0.05
20.27 (17.79-24.90)  9.76 (4.19-14.61) 2.08 0.01 0.05

Shown are median and inter-quartile range of relative density units/ png of protein. Only cytokines with relative concentrations consistently
significantly different between AAA and atherothrombosis (study 1) and between body and neck of AAA biopsies (false discovery rate, FDR, adjusted
P = 0.05) are given. All other results are given in Supplementary Table S1 at http://ajp.amjpathol.org. *Statistical comparisons were made using Mann
Whitney U * and Wilcoxon sign rank' tests. CCL22 = chemokine CC motif ligand 22; IL = interleukin.

AAAs and minimal staining was demonstrated in atheroma
samples (Figure 2). Sparse staining for the CCL22 receptor
(CCR4) was noted in all three tissue types (Figure 2). CCL22
and CCR4 staining was demonstrated in areas also staining
for a macrophage and a neutrophil marker (Figure 3). Neu-
trophil staining was particularly prominent in the section

Serum CCL22 Was Associated with AAA

Given the consistently high concentrations of CCL22 in
AAA biopsies we next assessed whether circulating con-
centrations of this cytokine were associated with aortic di-
latation in study 4. We measured the serum concentrations

examined (Figure 3). of CCL22 in 315 men with AAA and 713 controls without

(I, J, K, and L) biopsies. Shown are examples of sections stained by the Verhoeff-van Gieson method at X 10 magnification (A, E, and D. IHC for the regions
highlighted in circles at X40 magnification are also shown for CCL22 (C, G, and K) and CCR4 (D, H, and L). Sections stained with goat IgG control Abs (B, F,
and J) were also included. Staining for CCL22 is most marked in the intima of biopsies from the body of an AAA (C), sparse in the intima of an AAA neck biopsy
(G) and minimal in the intima of an atheroma biopsy (K). Sparse staining for the CCL22 receptor, CCR4, was found in biopsies from all three tissue types (D, H,
and L).
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Figure 3. Examples of high power (X40) photomicrographs of staining for CCL22 (D), CCR4 (E), macrophages (C), neutrophils (F), and mast cells (G) in a biopsy
from the body of an AAA. Also shown is an H&E-stained section of the biopsy to illustrate the region the high power images are taken from highlighted with a
black circle (A). B: Negative control using an isotype control Ab. Arrows indicate stained areas.

aortic dilatation. The risk factors and circulating cytokine
concentrations for these men are shown in Table 3. Serum
concentrations of CCL22 were higher in patients with AAAs,
as compared with controls (Table 3). Serum CCL22 con-
centrations were independently associated with AAA after
adjusting for other risk factors (odds ratio 1.51, 95% confi-
dence intervals 1.21-1.88, per 0.4 ng/ml, Table 4). Patients
with CCL22 concentrations in the upper tertile had an ad-
justed odds ratio for AAA of 2.71 (95% confidence interval
1.86-3.95) and 2.07 (95% confidence intervals 1.46-2.94)
compared with patients with CCL22 concentrations in the
lower and middle tertiles, respectively. Area under the curve
for receiver operator characteristic curves (95% confidence
intervals) in predicting the presence of AAA were 0.64
(0.60—0.68) and 0.59 (0.56—0.63) for serum CCL22 and
C-reactive protein, respectively. Serum CCL22 was also
higher in patients with large AAAs (=40 mm) compared with
controls (Table 3) and independently associated with AAA

when a definition of =40 mm was used (Table 4). The
correlation between serum CCL22 and aortic diameter was
however weak, r = 0.19, P < 0.01. The plasma concentra-
tion of IL6, which was not associated with AAA in either of
the cytokine array studies (see Supplemental Table S1 at
http://ajp.amjpathol.org), was also measured. No associa-
tion between circulating IL6 and AAA was found (Table 3),
which was in keeping with the cytokine array results from
studies 1 and 2.

Discussion

Cytokines have been linked with AAA in numerous pre-
vious studies, but in the current investigation we have
examined a large number of cytokines in carefully con-
trolled biopsies to assess those cytokines reproducibly
associated with aortic dilatation. In an initial screening
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Table 3. Comparison of Patients with and without AAA Undergoing Circulating Cytokine Measurements

Characteristic <30 mm 30-39 mm =40 mm P value
Number 713 245 70
Aortic diameter (mm) 21.9 (20.2-23.1) 32.5(31.0-34.6) 45.0 (42.1-49.4) <0.01
Age (years) 70.6 (68.0-74.2) 72.2 (68.9-75.2) 71.1(68.6-74.7) <0.01
Hypertension 276 (39%) 124 (51%) 37 (53%) <0.01
Diabetes mellitus 49 (7%) 22 (9%) 9 (13%) 0.15
Dyslipidaemia 263 (37%) 127 (52%) 28 (40%) <0.01
Ever smoker 449 (63%) 206 (84%) 61 (87%) <0.01
CHD 123 (17%) 87 (36%) 30 (43%) <0.01
WHR 0.95 (0.91-0.99) 0.96 (0.93-1.01) 0.98 (0.93-1.05) <0.01
CCL22 (ng/ml) 0.56 (0.45-0.70) 0.67 (0.52-0.82) 0.74 (0.56—-0.89) <0.01
IL-6 (pg/ml) 14.2 (5.2-38.8) 9.3 (5.2-31.2) 17.3 (4.6-38.7) 0.34
CRP (mg/L) 1. 77 (0.95-3.57) 2.54 (1.24-5.11) 2.75 (1.43-5.56) <0.01
Creatinine (uM) 89 (78-100) 92 (80-111) 103 (90-134) <0.01

Data are shown comparing subjects without AAAs (<30 mm), with small AAAs (30 to 40 mm) and larger AAAs (=40 mm). Nominal variables are

presented as numbers (%) and compared by chi-square. Continuous variables are presented as median (inter-quartile range) and compared by
Kruskal Wallis test. CHD = Coronary heart disease; WHR = Waist to hip ratio.

study we identified 3 of 79 cytokines investigated to be
consistently expressed at higher concentrations within
AAA compared with two types of control biopsies. Only
one of these cytokines, CCL22, had not previously been
linked with AAA. We therefore validated the expression of
this cytokine in additional biopsies and subsequently
demonstrated increased concentrations within the circu-
lation of men with AAA. Serum concentrations of CCL22
were independently associated with AAA after adjusting
for other risk factors including the general inflammatory
marker C-reactive protein, and other potential confound-
ing factors (age, hypertension, coronary heart disease,
dyslipidemia, smoking, diabetes, aspirin prescription, se-
rum creatinine, waist-hip ratio). Thus our study suggests
the consistent association of tissue and circulating con-
centrations of a novel cytokine with AAA.

Previous studies examining expression of cytokines in
human AAA biopsies have principally been limited to a
small number of candidates of interest, including CCL2, 171920
IL1 B’17,19.21—25 ”_6,17'19'23'2&27 ||_8,17'19'20'25'28 L1 0117.19,23,25
IL12,'723 INFy,'72328 prostaglandin E,**272° and
TNFq,17:19:21724.26.30 One study reported the use of an
antibody array to assess the relative expression of 42
cytokines. ' These studies illustrate the large number of
challenges in carrying out this type of investigation.
Many investigators used postmortem aorta biopsies

removed from patients dying from non-cardiovascular
causes 82224252930 g5 controls, with obvious concerns
that the samples may not be representative of the in vivo
situation. Some investigators have also included or preferred
biopsies of atherothrombosis as controls'”20:21:23:24.26-28,30
In most cases the control patients are not matched to
those with AAAT7~19:24.26.30 o1 this information is not pre-
sented.?0-22:25:27-29 Matching of cases and controls for
such studies is difficult to achieve for a number of rea-
sons. Firstly organ donors, subjects undergoing postmor-
tems and those presenting with lower limb ischemia are
expected to have differences in age at presentation and
other risk factors from those presenting with AAA. Sec-
ondly aortic biopsies from any sources are increasingly
difficult to obtain at any single center due to reduction in
open aortic surgery. In the few studies reporting match-
ing of age and gender it would be expected that there
would be other differences between cases and controls
such as medication prescription.?® In an attempt to min-
imize the concerns regarding controls careful matching
of cases and controls was used in study 1, including
matching of age, other risk factors and medications as far
as was possible. Furthermore, in study 2 within-patient
controls were used. This approach allowed more appro-
priate identification of potential candidate cytokines.

Table 4. Independent Association of Clinical and Circulating Factors with AAA in 1028 Men
AAA = 30 mm AAA = 40 mm

Characteristic Odds ratio 95% Cl P value Odds ratio 95% CI P value
Age per 4 years* 1.20 1.04-1.38 0.01 1.01 0.79-1.30 0.92
Hypertension 1.21 0.88-1.65 0.24 1.21 0.70-2.11 0.49
Diabetes mellitus 1.08 0.64-1.82 0.78 1.32 0.59-2.95 0.51
Dyslipidaemia 1.22 0.89-1.68 0.22 0.58 0.33-1.04 0.07
CHD 2.23 1.53-3.25 <0.01 2.92 1.57-5.45 <0.01
Ever smoker 2.87 1.98-4.15 <0.01 2.72 1.28-5.78 <0.09
Aspirin prescription 1.14 0.81-1.61 0.46 0.92 0.50-1.70 0.80
Waist-hip ratio per 0.06* 1.39 1.20-1.61 <0.01 1.63 1.28-2.07 <0.01
Creatinine per 40 umol/L* 1.10 0.97-1.25 0.13 1.18 1.02-1.36 0.02
CRP per 7 mg/L* 1.15 0.98-1.34 0.08 0.86 0.60-1.23 0.41
CCL22 per 0.4 ng/ml* 1.51 1.21-1.88 <0.01 1.33 1.08-1.62 <0.08

AAA = Abdominal aortic aneurysm. CHD =

Coronary heart disease. CCL22 =

chemokine CC motif ligand 22. CRP = C-reactive protein. For

nominal variables the comparisons are to subjects without the risk factor. *Approximately one standard deviation.



Histological examination illustrated that while biopsies
from the neck of the AAA do not have completely normal
morphology they show relative preservation of intimal,
medial, and adventitial architecture, which is markedly
disparate to biopsies taken from the body of the AAA.
AAA neck biopsies thus act as a critical internal control
since they are matched in everyway to the body samples
except for the macroscopic presence of aortic dilatation
and the associated histological changes of medial de-
struction and inflammation. Such complete matching is
not possible with either normal aortic biopsies (eg, from
organ donors or postmortem) or those from patients with
atherothrombosis.

There is current controversy regarding whether T cell
subtypes such as Th-1 or Th-2 are important in AAA
pathogenesis.®>3'"3% Some of the findings from this study
are suggestive of a Th-1 response being present in AAA
biopsies. We confirmed the up-regulation of IL1B'719:21.2224
and IL8'"2° demonstrated in some previous studies, both
of these cytokines being associated with a Th-1 re-
sponse.’”3* We identified higher concentrations of the
Th-1 associated cytokine INFy in AAA biopsies com-
pared with those from the nondilated proximal aorta,
however, relative expression of INFy was reduced in AAA
biopsies compared with those from atherothrombosis.
Two of three previous studies reported upregulation of
INFy compared with those of atherothrombosis.'”2%:28
The one study to report no relative increase of INFy in
biopsies of AAA was the only study to match patients and
controls for age and gender.?®

This study is the first to identify an association of both
tissue and circulating concentrations of CCL22 with AAA.
One previous study reported similar concentrations of
CCL22 in biopsies from AAA and cadaveric kidney do-
nors but no previous study has reported assessment of
circulating concentrations of CCL22 in patients with
AAA.'® CCL22 was originally identified in macrophages
(and called macrophage-derived chemokine), but sub-
sequently lymphocytes and dendritic cells have also
been demonstrated to produce this chemokine.°2°
CCL22 has chemoattractant effects on a variety of inflam-
matory cells, including macrophages, T cells, and natural
Killer cells.®® Of particular interest to the present discus-
sion CCL22 has been implicated in generation of a Th-2
immune response. CCL22 preferentially attracts Th-2
CD4™" cells and its production from such cells is stimu-
lated by recognized Th-2 cytokines, such as IL4.%” Pro-
duction of CCL22 is inhibited by Th-1 cytokines such as
INFv.%¢ High circulating concentrations of CCL22 have
also been reported within the circulation of patients with
mycosis fungoides and atopic dermatitis, which are both
diseases characterized by Th-2 focused immune re-
sponses.®® In contrast, multiple sclerosis and Crohn’s
disease, disorders characterized by Th-1 responses,
have been reported to have low concentrations of circu-
lating CCL22.%8 Immunohistochemistry studies demon-
strated CCL22 staining to be adjacent to that for macro-
phages, which also stained positively for the CCL22
receptor CCR4. These findings suggest that CCL22
might be stimulating macrophage infiltration within AAAs.
We also demonstrated strong staining for neutrophils
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within the area of CCL22/CCR4 staining. Thus overall our
findings do not support a Th-1- or Th-2-specific response
in AAA and suggest a variety of different cytokines and
immune pathways are most likely involved.

This study has a number of strengths and weaknesses,
some of which are outlined above. The small sample size
used to screen biopsies for cytokine of interest is typical
of studies of this type. 921232829 |t would however have
been ideal to have a larger cohort, particularly given the
large number of cytokines assessed and the risk of false
positive discoveries. Our choice of patients to include was
however limited by our strict entry criteria designed to
achieve appropriate matching of groups. We did design our
study to reduce the potential for false discovery by assess-
ing relative cytokine concentrations with respect to both
biopsies of atherothrombosis and macroscopically normal
aorta and selecting only those up-regulated consistently,
after correcting for multiple testing. The novel cytokine iden-
tified by the protein arrays used in this study was validated
on other samples using a further assessment technique, ie,
ELISA. The control samples included in this validation study
were endarterectomy samples and therefore not completely
comparable with full thickness aortic biopsies. Aortic ath-
erosclerotic samples from matched patients are difficult
to obtain due to the reduction in open aortic surgery.
CCL22 was however shown to be consistently up-reg-
ulated with the serum of a cohort of men larger than any
previous study investigating the association of circu-
lating cytokines with AAA 6-8:39

In conclusion this study illustrates a relatively new ap-
proach to identifying appropriate cytokines of pathogenic
relevance to AAA. This study demonstrates the novel
association of CCL22 with AAA. Mechanistic studies us-
ing animal models of aortic aneurysm may shed further
light on the importance of this cytokine. It should be noted
though that previous animal studies of other cytokines,
such as INFy, have demonstrated diametrically opposite
findings in different models, illustrating the difficulty in
relating rodent studies to human pathology.3233 It is
hoped in the future that using similar approaches to those
described in this study, including a variety of new pro-
teomic techniques, it may be possible to identify a group
of circulating biomarkers with specific association with
AAA of value in the diagnosis, prognosis, or predicting
treatment options in AAA.
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