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were composed mainly of B cells (58.5  8  10.9%) and T lym-
phocytes (26.3  8  9.5%). Furthermore, significant inverse 
correlations were found between the amounts of inflamma-
tory cells, neovessels and collagen/elastin content of the 
aortic vessel wall (r = +0.806/p  !  0.001, r  = – 0.650/p = 0.012, 
r = –0.63/p  !  0.015; respectively).  Conclusion:  Inflammatory 
infiltrates and invading neovessels are relevant sources of 
MMPs in the AAA wall and may substantially contribute to 
aneurysm wall instability.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Despite considerable advances in surgical treatment, 
the prognosis of ruptured abdominal aortic aneurysms 
(AAAs) is still poor with a 75–85% mortality rate  [1–3] . 
Expression of matrix metalloproteinases (MMPs) is com-
monly associated with degradation of aortic vessel wall 
but the source of MMPs has not yet been completely elu-
cidated  [4–7] . Furthermore, AAA formation and rupture 
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 Abstract 

  Objectives:  Abdominal aortic aneurysm (AAA) wall is char-
acterized by degradation of extracellular matrix through 
matrix metalloproteinases (MMPs), chronic inflammatory 
cell infiltration and extensive neovascularization. So far, 
MMP expression within AAA wall in association with infil-
trates and neovascularization has not yet been studied. 
 Methods:  Vessel walls of 15 AAA patients and 8 organ do-
nors were analyzed by immunohistochemistry for expres-
sion of various MMPs (MMP-1, -2, -3, -7, -8, -9, -12 and -13) in 
all cells located within the AAAs and correlated with infil-
trates and neovascularization.  Results:  Luminal endothelial 
cells (ECs) were positive for MMP-1, -3 and -9, ECs of mature 
neovessels were furthermore positive for MMP-2. Immature 
neovessels expressed all MMPs tested except for MMP-13. 
Aortic medial smooth muscle cells (SMCs) expressed MMP-1, 
-2, -3 and -9, SMCs of mature neovessels, only MMP-1, -3 and 
-9. Inflammatory infiltrates expressed all MMPs tested ex-
cept for MMP-2, macrophages expressed all MMPs. Infiltrates 
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are closely accompanied by inflammation and neovascu-
larization  [8, 9] . MMP-2 and -9 are so far the most inten-
sively investigated MMPs in human AAAs  [10–13] . More-
over, considerably enhanced expression of MMP-8 and -9 
was observed at AAA rupture sites  [14–16]  and upregula-
tion of MMP-1, -7, -9 and -12 was observed in diseased 
aneurysm walls  [16] . In addition to extracellular matrix 
degradation, extensive neovascularization  [8, 9, 17–19]  
with surrounding accumulation of inflammatory cells  [6, 
9]  is frequently observed. However, there is some varia-
tion in the description of the cellular components of the 
infiltrates. While some studies detected up to 90% of the 
inflammatory cells as T helper cells  [20–22] , others de-
scribe B lymphocytes as the major cell component in 
AAAs  [23, 24] .

  Interestingly, MMP expression within the aortic 
 aneurysmal vessel wall in association with neovascular-
ization and inflammatory infiltrates has not been inves-
tigated yet. The aim of the current study was thus to char-
acterize inflammatory cells and to compare MMP ex-
pression within AAAs in correlation with neovessels and 
infiltrates. Selected members of all soluble MMP sub-
groups, i.e., collagenases (MMP-1, -8, -13), gelatinases 

(MMP-2, -9), stromelysins/matrilysins (MMP-3, -7) and 
others (metalloelastase MMP-12)  [2, 25] , were analyzed 
and their expression was investigated in histological sam-
ples from AAA patients.

Patients and Methods

  Patients and Tissue Collection 
 Samples of 15 patients (14 males, 1 female) with asymptom-

atic AAA were obtained during conventional surgical repair. All 
tissue samples were collected in a standardized manner from the 
anterior sac of the infrarenal abdominal aorta. Average age was 
70.8  8  5.4 (range 62–80 years) and average maximum AAA di-
ameter size determined by CT scan was 5.5  8  0.9 cm (range 4.5–
7.2 cm). Aortic tissue from 8 organ donors was used as a control 
(all males, average age 64 years). Subsequent tissue samples were 
placed in formalin, immediately embedded in paraffin and stored 
appropriately for further histological and immunohistochemical 
analyses. The study was conducted with the approval of our insti-
tutional review board and informed consent was obtained from 
all patients prior to their participation in the study. The investiga-
tion conforms to the principles outlined in the Declaration of Hel-
sinki for use of human tissue or subjects  [26] .

  Immunohistochemistry 
 Histological and immunohistochemical analyses were per-

formed on representative sections (2–3  � m) of aortic tissue sam-
ples. Paraffin sections were routinely stained with hematoxylin-
eosin (HE) and elastin-van Gieson (EvG) to assess tissue mor-
phology, cellular composition, degree of infiltration with 
inflammatory cells and the content of elastin and collagen fibers 
of all AAA samples. For immunohistochemistry, dewaxed and 
hydrated tissue section samples were boiled to retrieve antigen 
epitopes, washed and treated with appropriate antibodies (Abs).

  For analysis of cells within the aneurysm wall, the following 
primary Abs were used: vascular smooth muscle cells (VSMCs, 
anti smooth muscle actin, SMA, clone HHF35, dilution 1:   200; 
Dako, Hamburg, Germany), endothelial cells (CD31 anti-von 
Willebrand factor VIII, clone F8/86, dilution 1:   500; Dako/CD31, 
clone JC70A, dilution 1:   40; Dako; due to a higher sensitivity, fac-
tor VIII was used in this study), macrophages/monocytes (anti-
CD68, clone KP1, dilution 1:   2,000; Dako), T lymphocytes (anti-
CD3, rabbit polyclonal, dilution 1:   400; Dako), B lymphocytes 
(anti-CD20, clone L26, 1:   500; Dako), natural killer cells (NK cells, 
anti-CD56, clone 1B6, dilution 1:   100; Dako), plasma cells (clone 
VS38c, dilution 1:   500; Dako). For detection of MMP expression, 
the following Abs were applied: MMP-1 (epitope-specific rab-
bit polyclonal Ab, dilution 1:   100; LabVision, Wedel, Germany), 
MMP-2 (mouse monoclonal Ab, clone Ab-4, dilution 1:   50; LabVi-
sion), MMP-3 (mouse monoclonal Ab, clone Ab-2, dilution 1:   100; 
LabVision), MMP-7 (mouse monoclonal Ab, clone Ab-4, dilution 
1:   100; LabVision), MMP-8 (mouse monoclonal Ab, clone 100608, 
dilution 1:   100; R&D System, Wiesbaden, Germany), MMP-9 (ep-
itope-specific polyclonal Ab, clone Ab-4, dilution 1:   100; LabVi-
sion), MMP-12 (mouse monoclonal Ab, clone Ab-4, dilution
1:   400; R&D System), MMP-13 (mouse monoclonal Ab, clone Ab-
4, dilution 1:   20; LabVision).
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  Fig. 1.  Example of consecutive staining to assess MMP expression 
on individual cells of an AAA vessel wall. Consecutive slides were 
stained with an appropriate Ab against various cell types in the 
aortic vessel wall and MMPs of interest.  a  CD31/SMA (ECs/SMCs) 
double staining of neovessels.  b  The following slide was stained 
for MMP-1. 1 = Mature neovessel; 2 = immature neovessel; 3 = 
ECs; 4 = SMCs. 



 MMPs, Inflammation and 
Neovascularization in AAA 

Pathobiology 2009;76:243–252 245

  Following primary antibody incubation, factor VIII and SMA 
were visualized using the APAAP ChemMate Detection Kit (rab-
bit anti-mouse secondary Ab; Dako) according to the manufac-
turer’s instructions. All other primary Abs were detected and vi-
sualized by peroxidase/DAB ChemMate Detection Kit (biotinyl-
ated goat anti-mouse/anti-rabbit secondary Ab; Dako).

  For determining MMP expression in the individual cells with-
in the AAA vessel wall, consecutive slides from each specimen 
were prepared and incubated with the appropriate antibodies. In 
all cases, one slide was stained with an Ab to detect the specific 
cell type (VIII/CD31, SMA, CD68, CD3, CD20, CD56, or VS38c) 
and a consecutive slide was stained with Ab against the MMP of 
interest (MMP-1, -2, -3, -7, -8, -9, -12 and -13). An example of the 
colocalization study is shown in  figure 1  with CD31/SMA double 
staining of two different neovessels in an AAA and the consecu-
tive slide stained with MMP-1.

  Histological Evaluation and Statistical Analysis 
 The intensity of staining for MMPs was first evaluated in all 

specimens to validate the different staining intensities for each 
sample. Histological specimens were then graduated semiquanti-
tatively as follows: (–) no staining; (+) positive staining of most cells 
and the majority of specimens; (++) strong overall positive staining 
detected in all cells and all specimens; (–/+) intensity of staining 
varied between different samples and also within the same speci-
men; (–/++) heterogeneous staining results from (–) to (++).

  The percentage of inflammatory cells was determined by 
counting cells positive for CD3, CD20, CD68, CD56, or VS38c 
and compared with the total cell number of the corresponding 
inflammatory area by 2 observers blinded to the source of each 
specimen. Data were analyzed using the Friedman test for com-
parisons of related samples followed by multiple post hoc com-
parisons. Data correlations were performed by calculating the 
Spearman rank correlation coefficient. Values are shown as mean 
 8  SD. p  !  0.05 was considered as significant. 

  Results 

 Structural Composition of AAAs 
 Typical examples of the vessel wall of an advanced hu-

man AAA (7.3 cm max. diameter) and healthy aortic tis-
sue are shown in  figure 2 . Aneurysmal tissue contained 
a typical atherosclerotic plaque in the tunica intima with 
surrounding macrophages and foam cells. In addition, 
enhanced neovascularization was observed mainly in the 
tunica media and partially in the intimal layer. Neoves-
sels were predominantly associated with inflammatory 
infiltrates. Furthermore, the majority of these new mi-
crovessels were immature with an EC layer without sur-
rounding pericytes or SMCs. In control aortic tissue, mi-
crovessels were found only at the border between the me-
dia and adventitia and within the adventitia. 

  MMP Expression in ECs and SMCs in Neovessels 
within AAAs 
 First, MMP expression was analyzed in ECs and SMCs 

of neovessels within the aneurysmal lesions ( table 1 ). In 
addition, to prove whether differences in MMP activities 
depend on the character of the new vessels, immature 
neovessels only containing an endothelial layer were 
compared with mature microvessels with surrounding 
SMCs. Regarding MMP-1, -2, -3 and -9, strong expres-
sion was found in ECs of both immature and mature 
neovessels ( fig. 3 a–c, f). In addition, mature neovessels 
expressed MMP-1 and -3 in the adjacent SMC layer 

a

b

  Fig. 2.  Representative pathophysiological 
composition of an aortic vessel wall of a 
patient with AAA ( a ) and a normal healthy 
aorta ( b ). Hemalaun-eosin staining was 
used to show the cellular content of the 
sample (blue); factor VIII staining demon-
strates neovessels (red).  *  = Atherosclerot-
ic lesion in the intimal region; # = media 
with considerably less SMCs compared to 
control aorta; ‡ = inflammatory infil-
trates; arrow = neovessels associated with 
inflammatory cells reflect markedly en-
hanced neovascularization within AAA 
compared to control aorta. 
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( fig. 3 a, c, lower part). MMP-7, -8 and -12 expressions 
were found only in small immature neovessels, not in 
mature neovessels ( fig. 3 d, e, g). No MMP-13 expression 
was detected in neovessels within the aneurysmal vessel 
wall ( fig. 3 h).

   MMP Expression in Luminal ECs and Medial
SMCs within AAAs 
  MMP-1 and -9 were expressed in luminal ECs of 

thrombus-free luminal aortic wall ( fig. 4 a, f,  table 1 ). 

From the remaining MMP subgroups, only MMP-3 was 
partially expressed in these cells ( fig. 4 d). The expression 
of MMP-1 and -9 in medial SMCs corresponded to their 
expression in luminal ECs ( fig. 4 a, f). In contrast to lumi-
nal ECs, all medial SMCs were positive for MMP-3 
( fig. 4 c). Furthermore, MMP-2 expression was observed 
in medial SMCs ( fig. 4 b) but not in SMCs surrounding 
ECs of mature neovessels ( fig. 3 b).
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  Fig. 3.  Immunohistochemical staining of 
MMP-1 ( a ), MMP-2 ( b ), MMP-3 ( c ), MMP-
7 ( d ), MMP-8 ( e ), MMP-9 ( f ), MMP-12 ( g ) 
and MMP-13 ( h ) in neovessels. Two differ-
ent types of neovessels are shown, i.e., im-
mature neovessels in the upper part of 
each example and mature neovessels com-
prising the endothelial layer and sur-
rounding pericytes/SMCs in the lower 
part. Arrows show ECs ( * ) and SMCs (#). 
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  Fig. 4.  Immunohistochemical staining of MMP-1 ( a ), MMP-2 ( b ), MMP-3 ( c ), MMP-7 ( d ), MMP-8 ( e ), MMP-9 
( f ), MMP-12 ( g ) and MMP-13 ( h ) in luminal ECs and medial SMCs of human AAA samples. The bar in  a  cor-
responds to 50  � m and also applies to  b–h .  c  Some endothelial cells were positive ( * ), others were negative (#) 
for MMP-3. 

Table 1. Semiquantitative analysis of MMP expression in different cells located within AAAs

Luminal
ECs

Medial
SMCs

Macro-
phages

Infiltrates Neovessels

immature mature

ECs ECs SMCs

MMP-1 ++ ++ ++ ++ ++ ++ ++
MMP-2 – ++ +/++ – +/++ +/++ –
MMP-3 –/+ + ++ ++ ++ ++ ++
MMP-7 – – + –/++ –/++ – –
MMP-8 – – + –/++ –/++ – –
MMP-9 ++ ++ ++ ++ ++ ++ ++
MMP-12 – – + –/+ –/++ – –
MMP-13 – – + + – – –

Semiquantitative evaluation was performed as follows: ‘++’ = strong positive staining of all cells and all 
specimens analyzed; ‘+’ = positive staining of most cells and the majority of specimens; ‘–’ = no staining;
‘–/+’ = not all cells staine positive, staining intensity varied; ‘–/++’ = heterogeneous staining between ‘–’ and 
‘++’.
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  Composition of Inflammatory Cells within AAAs 
 Because not all inflammatory cells were positive for 

MMPs, the individual cell type of inflammatory infil-
trates within AAA walls were analyzed by immunohisto-
chemistry and counting of the stained cells ( table 2 ). The 
majority of these cells were identified as B lymphocytes 
with 58.5  8  10.9% of total inflammatory cells, followed 
by T lymphocytes with 26.3  8  9.5%. However, B and T 
cell distribution was rather irregular ( table 2 , see corre-
sponding ranges). Other inflammatory cells found in the 
infiltrates were plasma cells (7.7  8  6.6%), NK cells (3.1  8  
2.3%) and monocytes (4.5  8  1.3%). The quantity of plas-
ma cells varied between sporadic and up to 32% of the 
total inflammatory cells ( table 2 ). The distribution of in-
flammatory cells within AAA walls showed significant 
differences between all cell types (p  !  0.001). Multiple 
post hoc comparison between the individual inflamma-
tory cells also showed significant disparity: T lympho-
cytes (CD3) versus NK cells, plasma cells, monocytes/
macrophages (p  !  0.05), B cells (CD20) versus NK cells, 
plasma cells, monocytes/ macrophages (p  !  0.05) and NK 
cells (CD56) versus plasma cells (p  !  0.05).

  MMP Expression in Inflammatory Cells
within AAAs 
 Strong MMP-1-, -3- and -9-positive staining was de-

tected in all inflammatory cells ( fig. 5 a, c, f,  table 1 ). In 
contrast, none of the inflammatory cells expressed MMP-
2 ( fig. 5 b). MMP-7 and -8 expression was irregular and 
mainly associated with T lymphocytes and plasma cells 
( fig. 5 d, e). MMP-13 expression was predominantly asso-
ciated with plasma cells ( fig. 5 h), MMP-12 was negative 
in all inflammatory cells with the exception of mono-
cytes/macrophages ( fig. 5 h).

  MMP Expression in Macrophages 
 Macrophages were positive for all MMPs tested ( ta-

ble 1 ). However, differences in their expression were de-
tected. Strong expression was observed for MMP-1, -2, -3 
and -9 in all macrophages within AAAs. In contrast, 
staining for MMP-7, -8 and -12 was markedly weaker. 
Predominantly cholesterol-loaded macrophage-derived 
foam cells recognized by their granular appearance were 
positive for MMP-7, -8 and -12. MMP-13 demonstrated 
the weakest expression among all MMPs tested.

  Proteolytic MMP-Mediated Aneurysmal Wall 
Degradation 
 To verify the hypothesis that enhanced accumulation 

of inflammatory cells and neovascularization are associ-
ated with the degradation of AAA structure proteins, in-
filtrates, neovessels and macrophages were correlated 
with collagen and elastin content ( table 3 ). A significant 
positive correlation was found between the amount of in-
flammatory cells and neovessels (r =   +0.806, p  !  0.001). 
Furthermore, a significant negative relationship was ob-
served between infiltrates or neovessels and collagen or 
elastin content (r = –0.650, p = 0.012 and r = –0.636, p = 
0.015; r = –0.542, p = 0.042 and r = –0.488, p = 0.049, re-
spectively).

Table 2. Cellular composition of infiltrates within AAAs

Cells Mean8SE, % Range, %

B lymphocytes 58.5810.9 18.1–83.7
T lymphocytes 26.389.5 10.5–68.1
Plasma cells 7.786.6 2.2–32.3
Monocytes 4.581.3 1.4–7.5
NK cells 3.182.3 0.5–6.9

Overall comparison between individual cell types: p < 0.001. 
Significant differences in post hoc pair comparisons (p < 0.05): T 
lymphocytes vs. NK cells, plasma cells, and monocytes/macro-
phages; T lymphocytes vs. NK cells, plasma cells, and monocytes/
macrophages; NK cells vs. plasma cells.

Infiltrates Macro-
phages

Collagen Elastin Neovascu-
larization

Infiltrates –
Macrophages n.c. –
Collagen –0.636* n.c. –
Elastin –0.650* n.c. +0.690** –
Neovascularization +0.806*** n.c. –0.542* –0.488* –

Significant differences between individual biomarkers: * p < 0.05, ** p < 0.01, *** p < 
0.001; n.c. = no correlation.

Table 3. Correlation between MMPs, 
TIMPs and other clinical parameters
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  Fig. 5.  Immunohistochemical staining of MMP-1 ( a ), MMP-2 ( b ), MMP-3 ( c ), MMP-7 ( d ), MMP-8 ( e ), MMP-9 ( f ), MMP-
12 ( g ) and MMP-13 ( h ) within inflammatory infiltrates of human AAA samples. The bar in  a  corresponds to 100  � m 
and also applies to  b–h .     
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  Discussion 

 MMPs play a decisive role in the pathogenesis of aortic 
aneurysm formation and rupture  [5, 6, 9, 25] . Most re-
search has so far focused on the expression of these pro-
teinases by resident luminal ECs, medial SMCs and in-
vaded macrophages  [4–7, 10–16] . The relevance of in-
flammatory cells and neovessels in the AAA wall is still 
unclear.

  Our results demonstrated MMP-1 and -9 expression, 
and partially MMP-3 in both luminal ECs and medial 
SMCs of the aortic vessel wall. In contrast, MMP-2 was 
expressed only by medial SMCs. Thus, in view of sub-
strate specificity, ECs and SMCs within the aortic vessel 
wall may contribute to the degradation of major extracel-
lular matrix components such as collagen or elastin 
(MMP-1, -2 and -9), fibronectin and proteoglycans 
(MMP-3)  [25, 27–30] . Furthermore, MMP-3 is able to ac-
tivate other MMPs  [28, 31] .

  In accordance with previously published results, mac-
rophages were positive for all MMPs tested  [25] . However, 
differences in their expression were observed. Strong ex-
pression of MMP-1, -2, -3 and -9 was found in all macro-
phages within AAAs. The immunohistochemical stain-
ing of MMP-7, -8, -12 and -13 was markedly weaker and 
mainly associated with atherosclerotic macrophage-de-
rived foam cells. These discrepancies might be explained 
by deregulation of gene expression and activation of 
MMPs following uptake of oxidized lipoproteins or ex-
tracellular lipids  [32, 33] .

  Accumulation of inflammatory cells is one of the main 
characteristics of the diseased AAA wall  [9, 20] . However, 
there appears to be disagreement concerning the compo-
sition of inflammatory infiltrates  [21, 23, 24] . In our 
study, B cells were found as the predominant component 
of inflammatory infiltrates followed by T lymphocytes 
and plasma cells. Other cells such as NK cells and mono-
cytes/macrophages represented less than 5% of the total 
inflammatory cells. However, the individual and interin-
dividual composition of the infiltrates varied markedly 
(see ranges in  table 2 ). The presence of these cells demon-
strates an autoimmune reaction and may markedly con-
tribute to the pathogenesis of AAAs  [22] . Thus, damage 
to the aortic wall is also the consequence of an immune 
response and activation of inflammatory cells. Upon ac-
tivation, T and B lymphocytes express a variety of cyto-
kines and promote MMP expression as shown in our 
study.

  Interestingly, aneurysmal infiltrates expressed all 
MMPs tested with the exception of MMP-2. Strong posi-

tive staining for MMP-1, -3 and -9 was detected in all in-
flammatory cells. In contrast, the staining intensity of 
MMP-7 and -8 markedly varied between negative and 
positive expression even in the same specimen. The rea-
son for this heterogeneity in detail is unknown, but anal-
ysis of inflammatory cells in correlation with MMP ex-
pression revealed that MMP-7 and -8 activities were pre-
dominantly associated with T lymphocytes and plasma 
cells. Consequently, inflammatory cells within the AAA 
can considerably contribute to the proteolytic destabili-
zation of the vessel wall.

 Medial and intimal neovascularization is a known 
characteristic of advanced AAAs  [6, 8, 17–19] . However, 
the patterns of MMP expression in these neovessels are 
still unknown. In our study, all histological samples dem-
onstrated increased neovascularization in the medial and 
intimal layer compared to the control group. In the media 
of healthy aortic tissue, no neovessels were detected. Only 
at the border between media and adventitia were small 
vessels from the vasa vasorum observed. Furthermore, in 
accordance with previous reports, most of the neovessels 
were immature  [6, 8] . These microvessels are generally 
associated with increased vessel wall permeability, en-
hanced recruitment of inflammatory cells and presum-
ably with increased MMP expression  [6] . Our results 
showed higher MMP activity in ECs of immature neoves-
sels compared to aortic luminal ECs and medial SMCs. 
Immature neovessels expressed all MMPs tested except 
for MMP-13 with the strongest expression for MMP-1, -3 
and -9. Interestingly, MMP-2, -7, -8 and -12 activities var-
ied markedly between individual neovessels. This vari-
ability may depend on their current status. Invading 
neovessels might express more MMPs than latent ones. 
This hypothesis was confirmed by the observation that 
ECs and SMCs of mature neovessels and luminal ECs and 
medial SMCs showed similar MMP expression. Thus, 
immature neovessels may also contribute to proteolytic 
degradation of extracellular matrix. Furthermore, we 
have found a significant correlation between the content 
of inflammatory cells and neovessels. In addition, sig-
nificant negative correlations were observed between the 
collagen elastin content of the aneurysmal vessel wall and 
the density of inflammatory infiltrates or neovessels. 
This finding is concordant with the hypothesis that neo-
vascularization is followed by accumulation of inflam-
matory cells and consequent expression of various MMPs. 
These processes may markedly contribute to the rupture 
of AAAs.
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Limitations

Despite the extended optimization of all Abs used in 
our study, the statements regarding different expression 
patterns of MMPs also depend on the quality of the indi-
vidual histological specimens and the sensitivity of im-
munohistochemistry. MMP expression in plasma cells 
might be partly unspecific due to the high amount of 
 immunoglobulins within these cells. However, control 
staining was always negative and the staining of the plas-
ma cells was well defined. Therefore, we believe that plas-
ma cells are also able to express MMPs. Similar to other 
inflammatory cells, plasma cells migrate to the focus of 
inflammation, which presupposes degradation of sur-
rounding tissue for instance by MMPs.

 In summary, our study provided a detailed analysis of 
all relevant members of soluble-MMP subgroups in all 
cells within AAAs. Our results show that MMP-1, -3 and 
-9 are the most commonly expressed MMPs within the 

AAA wall. Furthermore, in addition to the well-known 
MMP activity in luminal ECs, medial SMCs and macro-
phages, both inflammatory infiltrates and neovessels are 
relevant sources of MMPs as well and may therefore also 
contribute to the degradation of the extracellular matrix 
and rupture of AAAs. This finding is important because 
invading neovessels lead to accumulation of inflamma-
tory cells. These cells not only stimulate MMP expression 
by cytokine production, but are able to express a variety 
of MMPs autonomously. All these processes may lead to 
accelerated degradation of AAAs and favour their rup-
ture. 
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