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Abstract: Abdominal aortic aneurysm (AAA) is a common condition with high mortality when ruptured. Most clini-
cians agree that small AAAs are best managed by ultrasonographic surveillance. However, it has been stated in 
recent reviews that a serum/plasma biomarker that predicts AAA rupture risk would be a powerful tool in stratifying 
patients with small AAAs. Identification of such circulating biomarkers with traditional hypothesis driven studies 
has been unsuccessful. In this review we summarize six studies using different proteomic approaches to find new, 
potential plasma AAA biomarker candidates. In conclusion, by using proteomic approaches novel potential plasma 
biomarkers for AAA have been identified.
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Introduction

Abdominal aortic aneurysm (AAA) is a common 
condition with a prevalence of around 5% in 
men over 50 years of age [1, 2]. The condition 
is often asymptomatic until the catastrophic 
onset of hemorrhagic shock due to aneurysm 
rupture. Despite advances in surgical and 
anesthetic techniques the perioperative mor-
tality remains high in patients with ruptured 
AAA [1]. A presymptomatic elective repair in 
appropriately selected individuals will prevent 
rupture and thereby increase life expectancy. 
AAA screening programs have been introduced 
in an attempt to reduce mortality due to rup-
tured AAAs in the general population. However, 
most clinicians agree that due to a very low rup-
ture rate, small AAAs are best managed by 
ultrasonographic surveillance and that an AAA 
diameter above 5.0-5.5 cm generally justifies 
elective repair. Two studies have shown the 
safety of surveillance until a diameter of the 
AAA reaches 5.5 cm among male patients [3, 
4]. The expansion pattern of AAAs is estimated 
to be about 10% per annum [1]. However, there 
are large individual variations in expansion  
patterns. Episodes of rapid expansion may be  
followed by periods of slower, or even cessation 

of, expansion [1, 2]. Thus, finding a biomarker 
for identifying aneurysms with progressive gr- 
owth, that indicates a necessity for treatment, 
seems important. The development of plasma 
biomarkers is attractive due to simple and  
minimally invasive sample collection [5]. Such a  
biomarker discovery will allow identification of 
aneurysms more likely to rupture and stratify 
high-risk patients. Identification of such circu-
lating biomarkers with traditional hypothesis 
driven studies however has been unsuccessful. 
Previous AAA biomarker research has focused 
on one or few possible markers in each study 
[6-8]. Screening for new biomarker candidates 
by a proteomic approach allows a simultaneous 
detection of changes in hundreds of proteins  
in each study [9]. This strategy has given the  
scientists new hope of discovering blood bio-
markers useful in the management of AAA. 
Furthermore, proteomic analysis is a conveni-
ent method to monitor changes in protein 
expression without prior knowledge of what 
those changes might be. Plasma is the most 
complex human-derived sample for proteomic 
analysis because it contains the widest dynam-
ic range of cellular proteins [9]. However, recent 
advances in proteomic technologies, including 
two-dimensional differential in-gel electropho-
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resis (2D-DIGE) and improved mass spectrom-
etry (MS), have provided new opportunities for 
biomarker discovery [9, 10]. Moreover, studies 
that focus on combining fractionation with gel 
electrophoresis and liquid chromatography (LC) 
coupled to MS have shown improved protein 
identification [10]. 

In this paper, we first give a brief survey of  
current methodology in proteomic research. 
Secondly, we review results from six recent 
studies [11-16] using a MS-based proteomic 
strategy for identification of circulating bio-
marker candidates for AAA. Finally, we suggest 
a proteomic strategy for future studies to iden-
tify clinical valuable circulating biomarkers in 
patients with AAA.

General principles in MS-based proteomic 
research 

Subjects and blood sampling

A longitudinal population-based study design is 
preferred in studies attempting to identify use-
able, novel biomarkers for screening of the 
expansion patterns for AAA [17]. However, since 
AAA develop over years or even 2-3 decades 
the scientists are often restricted to case-con-
trol studies. Male gender, increasing age, and 
smoking are the dominant risk factors for AAA 
[1]. Owing to this fact it is important to use a 
control group matched by age, gender and 
smoking habits to the AAA patient group in 
case-control studies to eliminate possible bias 
in accordance with the guidelines given by 
Grimes and Schulz [18]. Furthermore, preana-
lytical characteristics such as sample handling 
and storage have to be considered [19]. For 
instance, plasma instead of serum has been 
recommended in proteomic studies since blood 
plasma is a more stable protein suspension 
than serum [11, 20]. 

Sample preparation 

It has been hypothesized that disease-specific 
biomarkers are present in one percent of pro-
teins that make up the low-abundance compo-
nent of plasma or serum. A major problem in 
proteome studies using plasma or serum sam-
ples is that high abundance proteins may mask 
these low abundance proteins [21]. The dynam-
ic range of protein concentration between the 
low- and high-abundance proteins is thought to 

span approximately ten orders of magnitude, 
which is much greater than the 2-4 orders of 
magnitude that MS measurements are normal-
ly constrained to [9]. However, several deple-
tion and fractionation technologies have been 
developed to remove highly abundant proteins 
such as albumin, haptoglobins, transferrins, 
and immunoglobulins prior to MS. The deve- 
lopment of immunodepletion techniques, i.e. 
multiple affinity removal system (MARS), that 
utilizes antigen-antibody interactions to remove 
high-abundant plasma proteins have contri- 
buted to a better assessment of low abundant  
proteins. Recently, a novel sample enrichment 
tool (ProteoMiner) has been proposed as a 
promising and powerful alternative to common 
immuno-subtraction methods [21]. This protein 
enrichment tool is based on the interaction of 
complex protein sample with a large, highly 
diverse library of hexapeptides bound to a chro-
matographic support where each unique hexa-
peptide binds to a unique protein sequence. 
Treatment of samples with the ProteoMiner  
kit causes partial depletion of high-abundance 
proteins and simultaneous up-concentration of 
low-abundance proteins, resulting in dynamic 
range compression of samples [21]. This reduc-
es the dynamic range of protein concentrations 
while maintaining representatives of all pro-
teins within the original sample. 

Protein separation

Two-dimensional electrophoresis and image 
analysis: Two-dimensional (2-D) gel electro- 
phoresis is a well-established tool for initial 
separation (or fractionation) of plasma prote- 
ins. However, despite a wealth of experimental 
progress, critical limitations, such as discrimi-
nation against low-abundance and highly hydro-
phobic proteins, are still a problem in standard 
2-D gel electrophoresis methods such as 2D 
polyacrylamide gel electrophoresis (2D-PAGE). 

The introduction of differential in-gel electro-
phoresis (DIGE), which allows separation of two 
sets of protein mixtures from different sources 
(e.g., small AAA and controls without aneu-
rysm), has minimized previous difficulties with 
reproducibility associated with 2-D gels [22]. 
2D-DIGE differs from 2D-PAGE in that each 
sample is pre-labelled with a fluorescent dye 
prior to isoelectric focusing. Three dyes (Cy2, 
Cy3 and Cy5) are commercially available and 
hence up to three samples can be run simulta-
neously on the same gel. The ability to pre-label 
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each sample with different dyes and run them 
together on the same gel makes 2D-DIGE a 
much more powerful technique than running 
single samples on individual 2D-PAGE gels and 
staining with silver or Coomassie blue stain. 
Analysing three samples on one 2D-DIGE rath-
er than three individual 2D-PAGE gels reduces 
the experimental gel-to-gel variation that is 
often observed in gels cast in-house rather 
than those bought commercially. Traditionally, 
2D-PAGE gels are stained using Coomassie 
blue or the more sensitive silver staining proce-
dures. Gels are then compared using computer 
software for changes in protein expression. 
However, the degree of linearity of both silver 
and Coomassie blue stains are limited com-
pared to the four orders of magnitude possible 
using CyDye technology. The CyDye technique 
is a much quicker and sensitive method for  
the detection of proteins (low nanogram) than  
silver and Coomassie blue. With silver and 
Coomassie staining, gels require time consum-
ing fixation, staining and destaining techniques. 
However with DIGE, immediately after comp- 
letion of electrophoresis each gel is scanned 
three times, at three different wavelengths 
(red, blue and green) and the analyses is  
complete. The three samples can then be  
compared and analysed using sophisticated 
computer software and subtle changes in  
protein expression detected very accurately. 
Furthermore, by allocating one of these three 
samples to an internal standard (normally  
a pooled sample), the influence of gel-to-gel  
variation in larger DIGE studies can be even 
more reduced [23].

Protein identification

Prior to the protein identification by MS the 
selected protein spots are picked and digested 
with proteolytic enzymes to produce peptide 
fragments more or less specific to each protein. 
The most common method of choice for in-gel 
protein digestion is with trypsin as described by 
Shevchenko et al. [24]. The current most widely 
adopted mass spectrometric strategy is then to 
use liquid chromatography (LC) to separate the 
peptides, and couple the LC on-line to a mass 
spectrometer operating with two mass analyz-
ers in sequence (tandem MS or MS/MS), apply-
ing collision induced dissociation of the pep-
tides. The resulting MS/MS spectra can be 
evaluated manually for sequence tags or, more 
commonly, with the aid of computer algorithms 

such as MASCOT or BLAST finally feeding the 
resulting data into databases for protein 
identification. 

In the last few years, substantial progress  
has been made in LC-MS instrumentation  
and improved database searching methods. 
Moreover, isobaric labelling techniques have 
recently been developed as a MS strategy for 
quantitative proteomics. Basically this strategy 
relies on isotope labelling of peptide/protein 
instead of separation of plasma proteins by 
electrophoresis. Currently, there are two types 
of isobaric labelling techniques commercially 
available; tandem mass tags (TMT) [25] and 
isobaric tags for relative and absolute quanti- 
tation (iTRAQ) [26, 27].  

Statistical considerations

Depending on the number of patient groups 
included in the study, ANOVA or t-tests can  
be applied to evaluate the significance of the  
differences in protein expression between the 
patient group (s) and the control group [28]. 
Data pre-treatment, such as log-transforma-
tions, may be necessary in some cases to 
improve normality. Non-parametric alterna-
tives, such as the Mann-Whitney U-test, can 
also be applied if the data set deviates too 
much from the normal distribution [28, 29].

Due to the large amount of proteins analyzed, 
proteomic studies have an inherent risk for 
mass significance, i.e. production of a large 
number of false positives as a result of the  
multiple comparisons performed [30, 31]. The 
number of potential biomarkers found can be 
reduced by changing the significance level, for 
example by a Bonferroni correction. On the 
other hand, this correction may be too conser-
vative, especially as the different tests are not 
expected to be fully independent of each other, 
thereby producing large numbers of false ne- 
gatives instead.

In order to incorporate biological/clinical signifi-
cance, the fold change, i.e. the relative differ-
ence in protein expression between the patient 
group and the control group, is often used  
as a complementary measure to the p-values 
obtained by the above mentioned statistical 
tests. A certain limit in the fold change (often a 
factor 2) can also be used as a first cut-off,  
minimizing the number of proteins necessary  
to identify by MS, and thereby also limiting the 
cost and work-load of the study.
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Multivariate tools are also often used in  
the analysis of proteomic data sets [28, 29], 
although not applied in the reviewed studies on 
AAA biomarkers. Principal component analysis 
can be applied to identify outliers and clusters 
in the data, while supervised methods, such  
as partial least squares discriminant analysis  
can be used to identify potential biomarkers. 
Furthermore, multiple regression models can 
be used to incorporate covariates, reducing the 
effects of poorly matched patient and control 
groups.

Results and potential biomarkers from six MS-
based proteomic studies

Six MS-based proteomic studies were reviewed 
[11-16]. The methods used in these studies 
showed different study-design according to 
subjects (selection, number and control-match-
ing), sampling, sample preparation, protein 
separation and identification (Table 1). Not  
surprisingly, the reviewed studies show quite 
different results. 

Nordon et al. In this study three highly abun-
dant proteins (albumin, fragments of hemo- 
globin, and apolipoprotein C-II precursor) were 
identified, but none were deemed as plausible 
potential biomarkers of aneurysmal disease.

Gamberi et al. This study confirmed a number 
of biomarkers (for instance; fibrinogen, alfa-1 
antitrypsin, haptoglobin were up-regulated and 
vitamin D-binding protein was down-regulated 
in AAA) associated with AAA that have been 
previously identified by various authors. How- 
ever, none of the identified biomarkers in this 
study has the biologic plausibility to be used 
singularly as a biomarker for aneurymal dis-
ease due to inadequate specificity.

Pulinx et al. In this study five proteins (Albumin, 
complement C3, alfa-1 antitrypsin, factor XII, Ig 

kappa chain C region) were significantly diff- 
erentially expressed between three AAA sub-
groups. These differential proteins are involved 
in previous well-known pathophysiological key 
processes of AAA, such as inflammation, extra-
cellular matrix remodeling or coagulation and 
fibrinolysis.

Acosta-Martin et al. In this study the biomarker 
screen was made by a gel-free TMT method on 
pooled plasma samples from 17 AAA and 17 
control patients. This group found five potential 
biomarkers for early AAA diagnosis (i.e. adipo-
nectin, extracellular superoxide dismutase,  
kallistatin, carboxypeptidase B2, and protein 
AMBP). None of these five proteins have been 
previously proposed as potential biological 
markers for AAA diagnosis.

Wallinder et al. In this study the ProteoMiner 
technology was used for plasma enrichment 
followed by 2D-DIGE analysis combined with 
LC-MS/MS for detection of differences in the 
protein profile between four patients with small 
AAA and four controls without aneurysm. This 
study provides evidence of the enzyme glyco-
sylphosphatidylinositol-specific phospholipase 
D (GPI-PLD) as a possible biomarker for AAA. 
However, GPI-PLD as a potential biomarker was 
not confirmed in a recent study [32].

Spadaccio et al. The investigators found four 
potential biomarker candidates (Hemopexin, 
vitamin D-binding protein, and serum amyloid P 
were up-regulated while apolipoprotein A-1 was 
down-regulated). The significance and clinical 
use of the four potential biomarker candidates 
needs further evaluation. 

Conclusion and suggested future proteomic 
research strategies

The pathophysiology behind the onset, pro-
gress and rupture of AAA is still not completely 

Table 1. Methods used in six mass-spectrometry based proteomic studies

Study Author, year Subjects (n) AAAs/Controls Sample Depletion kit Protein separation Protein  
identification

Nordon, 2010 20/20 Serum IgY-12 2D-PAGE LC-MS/MS
Gamberi, 2011 8/6 Plasma Not used 2D-PAGE MS/MS
Pulinx, 2011 24/0 Serum Not used 2D-DIGE MS/MS
Acosta-Martin, 2011 17 (pooled)/17 (pooled) Plasma MARS-14 TMT LC-MS/MS
Wallinder, 2012 4/4 Plasma ProteoMiner 2D-DIGE LC-MS/MS
Spadaccio, 2012 20/20 Serum PROT-BA 2D-PAGE MS
Abbreviations: 2D-PAGE, two-dimensional polyacrylamide gel electrophoresis; 2D-DIGE, two-dimensional differential in-gel elec-
trophoresis. LC, liquid-chromatography; MS, mass-spectrometry; MS/MS, tandem mass-spectrometry; TMT, tandem mass tags.
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understood. Furthermore, prevention or non-
surgical management strategies do not yet 
exist. Human plasma is one of the most impor-
tant proteomes from a clinical and medical 
point of view [9]. Recent reviews also state that 
a blood plasma biomarker predicting aortic  
rupture risk would be a powerful tool to stratify 
patients with small screen detected aneu- 
rysms [6-8]. Identification of such circulating  
biomarkers with traditional hypothesis driven  
studies has so far been unsuccessful. The  
present review has shown that studies using  
non-hypothesis-driven MS-based proteomic 
approaches to find new clinically useful  
biomarkers for AAA have emerged during the  
last years. However, the method of choice has  
not yet been established. Finally, we currently  
suggest iTRAQ [26, 27] as the next step to  
screen for new biomarker candidates for AAA 
management.
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