
  Introduction 
 Abdominal aortic aneurysm (AAA) is a common condition with 
a prevalence of around 5% in men over 50 years of age.  1,2   Th e 
condition is oft en asymptomatic until the catastrophic onset of 
hemorrhagic shock due to aneurysm rupture. Despite advances 
in surgical and anesthetic techniques the perioperative mortality 
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 ruptured AAA in the general population. However, most 
clinicians agree that due to a very low rupture rate, small AAAs are 
best managed by ultrasonographic surveillance and that an AAA 
diameter above 5.0–5.5 cm generally justifi es 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   Th e 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   Finding a biomarker 
for identifying aneurysms with progressive growth, that indicates 
a necessity for treatment, seems important. Biomarker discovery 
will allow identifi cation of aneurysms more likely to rupture and 
stratify high-risk patients. 

 Human plasma is one of the most important proteomes 
from a clinical and medical point of view.  5   However, plasma is 
also the most complex human-derived sample for proteomic 
analysis because it contains the widest dynamic range of cellular 
proteins.  5   Recent advances in proteomic technologies, including 
two-dimensional diff erential in-gel electrophoresis (2D-DIGE) 
and improved mass spectrometry (MS), have provided new 
opportunities for identifying biomarkers.  5,6   2D-DIGE is eff ective 
in separating complex protein samples and in quantifying protein 
levels between samples.  7   By loading an internal common standard 
sample labeled with diff erent fl uorescent dyes, gel-to-gel variation 
is cancelled out, and quantitative proteomic profi ling can be 

achieved across multiple samples.  7   Proteins of interest can then be 
identifi ed by tandem mass spectrometry (MS/MS).  5,6   Moreover, 
recent studies that focus on combining fractionation with 2D 
gel analysis and liquid chromatography (LC) coupled with MS 
have shown improved protein identifi cation.  6   A major problem 
in proteome studies which use plasma and serum samples is 
that high abundance proteins mask low abundance proteins.  8   
Several depletion and fractionation technologies have been 
developed to remove highly abundant proteins such as albumin 
and immunoglobulin G. Recently, a novel sample enrichment 
tool (ProteoMiner; Bio-Rad Laboratories, Hercules, CA, USA) 
has been proposed as a promising and powerful alternative to 
common immuno-subtraction tools.  8   Th is protein enrichment tool 
is based on the interaction of complex protein sample with a large, 
highly diverse library of hexapeptides bound to a chromatographic 
support where each unique hexapeptide binds to a unique protein 
sequence. Treatment of samples with the ProteoMiner (Bio-Rad) 
kit causes partial depletion of high-abundance proteins and 
simultaneous concentration of low-abundance proteins, resulting 
in dynamic range compression of samples.  8      

 Previous AAA biomarker research has focused of one or few 
possible markers in each study.  9   A proteomic approach to screen 
for new biomarker candidates has been suggested.  9–11   Proteomic 
analysis allows a simultaneous detection of changes in hundreds 
of proteins in each study and thus provides invaluable insight to 
mechanisms of the AAA disease.  5   Th us, proteomic analysis is a 
convenient method to monitor changes in protein expression 
without prior knowledge of what those changes might be. 

 In this study, we aimed to fi nd potential biomarker candidates 
for the AAA disease. We used the ProteoMiner technology 
(Bio-Rad) for plasma enrichment followed by 2D-DIGE analysis 
combined with nanoliquid chromatography-Fourier transform 
ion cyclotron resonance MS for detection of diff erences in the 
protein profi le between patients with small AAA and controls 
without aneurysm.   
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  Abstract 
 Abdominal aortic aneurysm (AAA) is a common condition with high mortality when ruptured. Most clinicians 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 AAA. Identifi cation of such circulating biomarkers 
has been to date unsuccessful. In this study, we used a proteomic approach to fi nd new, potential plasma AAA biomarker candidates. 
Prefractionated plasma samples were analyzed by two-dimensional differential in-gel electrophoresis to identify differentially expressed 
proteins between four patients with small AAA and four controls without aneurysm. Protein spots that differed signifi cantly between 
patients and controls were selected and identifi ed by mass spectrometry. Three protein spots had signifi cantly different expression 
between patients and controls. The most interesting fi nding was that patients with small AAA had increased levels of the enzyme 
glycosylphosphatidylinositol-specifi c phospholipase D (GPI-PLD) compared with the controls without aneurysm. In conclusion, by 
 using a proteomic approach, this pilot-study provides evidence of GPI-PLD as a novel potential plasma biomarker for AAA.   Clin Trans 
Sci 2012; Volume 5: 56–59
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 Methods  

 Subjects and blood sampling 
 Th e study was performed in accordance with the principles of the 
Declaration of Helsinki. Patients and control subjects signed an 
informed consent form approved by the local ethics committee. 
Ultrasonography investigation of the abdominal aorta was 
performed in AAA patients and controls. Patients and controls 
were stratifi ed by sex (male), age, and smoking habit (nonsmoker). 
Four male AAA patients and four male controls without AAA 
were included. Th e average age was 72 (69–75) years in the AAA 
group and 71 (64–77) years in the control group. All subjects 
were nonsmokers but three subjects in each group were former 
smokers. Th e AAA patients had small infrarenal aneurysm (aortic 
diameter: A1 = 3.8 cm, A2 = 3.6 cm, A3 = 4.2 cm, A4 = 4.2 cm) 
and the controls had normal infrarenal aortic diameter (defi ned as 
diameter <3.0 cm). None of the subjects had coexisting malignant 
disease, uremia, diabetes, neither statin, nor anticoagulant therapy. 
Peripheral venous blood samples were taken from controls and 
patients. Samples were centrifuged within 30 minutes at 2000  g  
for 20 minutes and aliquots of citrated plasma were frozen and 
stored at −70°C until analysis.   

 Sample preparation and CyDye labeling 
 Th e plasma samples were treated with a large, highly diverse bead-
base library of combinatorial peptide ligands (ProteoMiner; Bio-
Rad) in accordance with manufacturer’s instructions. Th is reduced 
the dynamic range of protein concentrations while maintaining 
representatives of all proteins within the original sample. Th e 
comparison between AAA patients and controls was performed 
by 2D-DIGE analyses across four gels, using the same pooled-
sampled internal standard, the equimolecular mixture of all the 
samples, in all gels. Th e samples were CyDye labeled according 
to the manufacture’s standard protocol (GE Healthcare), using 
400 pmol of dye reagent for every 50 μg of sample protein. 
Individual samples were labeled with Cy3 or Cy5 dyes using dye 
switching, and the internal standard was always Cy2 labeled.     

 Two-dimensional electrophoresis and image analysis 
 Isoelectric focusing was done in 24 cm pH 3–11 Nonlinear 
Imobiline Dry Strip (GE Healthcare, Uppsala, Sweden) on an Ettan 
IPGphore. Th e second dimension were run on an Ettan DALT 
II in in-house made 1 mm polyacrylamide ( T  = 11%,  C  = 2.6%) 
Bis-Tris gel with standard MOPS cathode buff er and acetic acid/
diethanol amine anode buff er. Aft er 2D electrophoresis, gels were 
scanned using the 2920 Master Imager (Amersham Bioscience, 
Uppsala, Sweden) using excitation/emission wavelengths specifi c 
for the diff erent CyDyes. Gel images were analyzed using the 
Progenesis Same Spots soft ware version 3.3 (Nonlinear Dynamics, 
Durham, NC, USA) for spot detection, spot quantifi cation, 
intergel matching, and statistics. Spots were selected for spot 
picking and further identifi cation by MS analysis.     

 Spot picking and in-gel protein digestion 
 Selected protein spots, on a preparative gel of pooled samples to a 
total protein concentration of 450 μg stained with SYPRO Ruby, 
were picked and trypsinated in the Ettan Spot-handling Workstation 
(GE Healthcare). Th e method for in-gel protein digestion with 
trypsin described by Shevchenko et al  12   was applied with some 
minor modifi cations. Briefl y, the gel pieces were destained by 
washing three times in 25 mM NH 4 HCO 3  in 50% CH 3 OH and 

once in 70% CH 3 CN. Gel pieces were dried and incubated with 
digestion buff er (50 mM NH 4 HCO 3 , 10 ng/μL trypsin) at 37°C for 
3 hours. Peptides were extracted in 50% CH 3 CN/0.5% TFA and 
the supernatant was evaporated to dryness. Before MS analysis, 
the peptides were reconstituted in 0.2% HCOOH.   

 Protein identifi cation 
 Sample injections were made with an HTC-PAL auto-sampler 
(CTC Analytics AG, Zwingen, Switzerland) connected to an Agilent 
1100 binary pump (Agilent Technologies, Palo Alto, CA, USA). 
Th e peptides were trapped on a precolumn (45 × 0.075 mm i.d.) 
and separated on a reversed phase column, 200 × 0.050 mm. Both 
columns are packed in-house with 3 μm Reprosil-Pur C 18 -AQ 
particles. Th e fl ow-through to the analytical column was reduced by 
a split of approximately 100 nL/min. A 40 minute gradient 10–50% 
CH3CN in 0.2% COOH was used for separation of the peptides. 
For more details see Carlsohn et al.  13   

 Th e nanofl ow LC-MS/MS was performed on a hybrid linear 
ion trap-FTICR mass spectrometer equipped with a 7 T ICR 
magnet (LTQ-FT; Th ermo Electron, Bremen, Germany). Th e 
spectrometer was operated in data-dependent mode, automatically 
switching to MS/MS mode. MS-spectra were acquired in the 
FTICR, whereas MS/MS-spectra were acquired in the LTQ-trap. 
For each scan of FTICR, the three most intense, doubly or triply 
charged, ions were sequentially fragmented in the linear trap by 
collision-induced dissociation. All the tandem mass spectra were 
searched by MASCOT (Matrix Science, London, UK) against all 
species in the NCBI database. 

 Th e search parameters were set to: MS accuracy 5 ppm, MS/
MS accuracy 0.5 Da, one missed cleavage by trypsin allowed, fi xed 
propionamide modifi cation of cysteine and variable modifi cation 
of oxidized methionine. 

 For protein identifi cation, the minimum criteria were; one 
tryptic peptide matched at or above the 99% level of confi dence 
and one additional peptide match at the 95% level.    

 Results  

 Image analysis 
 Three spots, of 1234 detected, with significant confidence 
(ANOVA  p  < 0.05) were selected from the gel image analysis 
according to Table 1. Th e location of the protein spots on the gel 
can be seen in   Figure 1  . Th e variation in protein expression for 
spot #151 is illustrated in   Figure 2  . A clear up-regulation in small 
AAA can be seen in all gels except for gel 2 where the control has 
a quite high level.   

 Protein identifi cation 
 Identifi cation of proteins in the three spots from the gel (  Figure 1  ) 
is summarized in   Table 1  . For spot 151, the main protein was 
found to be phosphatidylinositol-glycan-specifi c phospholipase 
D (P80108). Sixteen peptides were identifi ed with a total protein 
sequence cover rate of 21%. A small amount of inter-alpha-trypsin 
inhibitor (Q14624) was also present in spot 151 (six peptides 
and a coverage of 6%). Th e other two spots contained mainly 
immunoglobulins, see   Table 1   for details.    

 Discussion 
 Recent reviews state that a serum/plasma biomarker predicting 
aortic rupture risk would be a powerful tool to stratify patients 
with small screen detected aneurysms.  9–11   Identifi cation of such 
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circulating biomarkers has been unsuccessful and proteomic 
techniques to screen for new biomarker candidates is currently 
suggested. Because male gender, increasing age, and smoking 
are the dominant risk factors for AAA  1   we used a control group 
matched by age, gender, and smoking habits to the AAA patient 
group in this study to eliminate possible bias in accordance 
with the guidelines given by Grimes and Schulz.  14   By using a 
proteomic approach the present pilot-study has identifi ed three 
proteins which are signifi cantly altered between patients with 
small AAA and controls without aneurysm. Th e regulation of 
biological events by enzymatic activity is a common paradigm 
in both normal and pathological states. From this point of view 
the most interesting of the identifi ed proteins is the enzyme 
glycosylphosphatidylinositol-specifi c phospholipase D (GPI-PLD, 
spot 151), which is increased in patients with small AAA, compared 
with controls without aneurysm. As spot 151 also contains smaller 
amount of inter-alpha-trypsin inhibitor the possible contribution 
from this protein to the upregulation cannot be completely ruled 
out. Th e immunoglobulins (spots 211 and 379) are awkward 
to evaluate due to their diverse function in infl ammation, etc. 

  Figure 1.     Reference image of 2D electrophoresis gels used in this study. Selected 
spots for MS analysis are marked with their spot number.    

  Figure 2.     Expression profi le of spot 151. Anotation on the x-axis: C, control samples; A, small AAA samples; numbers 1–4, gel number. C1 and A1, etc. are images from 
the same gel.    

Spot Fold 
change*

Anova (p) Protein Accesion Score No. 
 peptides†

Coverage 
(%)‡

151 +1.4 0.0405 Phosphatidylinositol-glycan-specifi c 
phospholipase D

PHLD_HUMAN P80108 699 16 21

“ Inter-alpha-trypsin inhibitor heavy 
chain H4

ITIH4_HUMAN Q14624 256 6 6

211 –1.7 0.0368 Ig mu chain C region IGHM_HUMAN P01871 361 12 38

“ Gelsolin GELS_HUMAN P06396 112 2 4

379 +1.6 0.0290 Ig gamma-1 chain C region IGHG1_HUMAN P01857 236 13 43

“ Ig gamma-2 chain C region IGHG2_HUMAN P01859 150 9 29

*Up-regulated (+), down-regulated (–).
†Number of unique peptides identifi ed.
‡Total protein sequence coverage.

   Table 1.     Identifi cation of proteins in selected gel spots by MS analysis and database search.   
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Th e amount of gelsolin in spot 211 is low but the contribution 
to the down-regulation might not be infi nitesimal. No known 
function of gelsolin is interpreted to have connection to AAA. Th e 
enzyme GPI-PLD was isolated and characterized 20 years ago by 
Hoener et al.  15   Th e function of this enzyme is poorly understood. 
However, it has been suggested that GPI-PLD might participate 
in regulating infl ammation in atherosclerosis.  16   Furthermore, a 
recent study shows that GPI-PLD improves glucose tolerance; an 
interesting fact since the connection between arteriosclerosis and 
AAA has been questioned because arteriosclerosis is associated 
with diabetes in contrast to AAA.  17–19   

 In conclusion, by using a non–hypothesis-driven proteomic 
approach to fi nd new clinical useful biomarkers for AAA, this 
study provides evidence of GPI-PLD as a possible biomarker for 
AAA. Furthermore, statin therapy may be a possible management 
to reduce the small AAA progression because Deeg et al. in a 
recent report show that statin reduces the serum level of GPI-
PLD.  20   Finally, the present results have shed new light on the 
negative association between AAA and diabetes. Th e fi ndings in 
the present pilot-study warrant urgent new investigations.  
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