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Introduction    
 
 
 

1. Introduction 
 

1.1. Vascular Remodeling 
 
The arterial wall is an organ capable of remodeling in response to hemodynamic, mechanical, 
and biochemical stimuli 1. The direction and scale of remodelling are coordinated by 
endothelial production of growth factors, proteases, and cellular adhesion molecules in 
response to sensed changes in blood flow. Moreover, changes in vascular structure are not 
solely determined by hemodynamic forces, and a role for inflammatory responses and changes 
in extracellular matrix components has been suggested 2. An aneurysm is defined as a 
permanent dilation of the arterial wall, which is characterized by outward vessel remodelling, 
both in vessel dimension and vascular structure. 
 
1.2. Abdominal Aortic Aneurysm  
 
Clinical relevance 
 
Abdominal aortic aneurysm (AAA) is a permanent localized dilatation of the abdominal aorta 
encompassing all three layers of the vessel wall that exceeds the normal diameter by 50% 3. It 
is estimated to be the tenth most common cause of mortality and accounts for 2% of all 
deaths; up to 8% of men over 60 years are now affected 4. Present treatment options include 
endovascular stents or open surgery, but these procedures are not appropriate for all patients. 
Furthermore, invasive procedures provide no therapeutic advantage for AAA <5.5 cm 
diameter. The value of early endovascular intervention, for aneurysms of 4 to 5.4 cm, is 
currently under investigation 5. 
Although most aneurysms remain asymptomatic and undiagnosed, risk of rupture increases 
dramatically when diameters exceed 5.5 cm. The prognosis of ruptured AAA remains poor, 
and the overall mortality remains high (80% to 90%) 6.  
 
 
Pathomechanisms of Aneurysm Formation 

The pathogenesis of AAA formation is complex and not fully understood. There are, 
however, well defined risk factors, such as male sex, cigarette smoking, hypertension, 
advanced age, atherosclerosis, and a genetic predisposition 4. Connective tissue disorders (e.g. 
Marfan- and Ehlers Danlos syndrome) have also been strongly associated with AAA. Other 
causes of the development of AAA include: infection (Chlamydia pneumoniae), arteritis, 
trauma und cystic medial necrosis.  

Aneurysm formation involves a complex process of destruction of the aortic media and 
supporting lamina through degradation of elastin and collagen 7,8. This leads to a decrease in 
tensile strength in the aortic wall which can then lead to aneurysm formation. Recent evidence 
has confirmed the significance of a chronic inflammatory process, proteolysis and 
extracellular matrix degradation 9.  
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Inflammation 
 
Chronic inflammation of the aortic wall plays an important role in the pathogenesis of AAA. 
Studies of human AAA tissue have shown extensive inflammatory infiltrates containing 
macrophages and lymphocytes in both the media and adventitia, and increasing aneurysm 
diameter was associated with a higher density of inflammatory cells in the adventitia 10. In 
AAA, inflammatory cells (polymorphonuclear neutrophils, T cells, B cells, macrophages, 
mast cells, NK cells, etc.) percolate through all layers of the wall (Fig.2). These infiltrating 
cells secrete various inflammatory factors, including cytokines, chemokines, leukotrienes, 
reactive oxygen species, and immunoglobulins. The vessels of the vasa vasorum form the 
pathways by which inflammatory cells access the aortic intima and media. Medial 
neovascularization and decreased vascular smooth muscle cells also characterize AAA 
lesions. T helper cell type 2 (Th2) express IL-4, -5, -8, and -10 and TNF-alpha for the 
regulation of the local immune response 11. These cells also release Fas ligand and FAP-1, 
leading to the apoptosis of VSMC 12. Activated macrophages are the main cells secreting 
MMPs, leading to the disruption of the orderly lamellar structure of the aortic media. Mast 
cells synthesize and release chymase and cathepsin G as well as pro-inflammatory cytokines 
and growth factors 13. In various experimental models of aneurysm we also found an 
inflammatory response. For example, in kininogen-deficient animals with AAA changes in 
plasma cytokines were compatible with inflammatory vascular damage, i.e., upregulation of 
IFN-  and downregulation of GM-CSF 14. In the elastase rat model of AAA we observed 
inflammatory infiltrates in the adventitia and found the increased MCP-1, MPO levels in 
serum, an up-regulation of NFkB as well as an increase in cytokines TNF-alpha and TGF-1 
beta 15. Furthermore, TNF-alpha was the most important factor contributing to aortic 
dilatation by obese mice 16. Activation of NFkB by uremic toxins followed by inhibition of 
the elastin and collagen genes transcription contributed to vascular remodelling during mild 
uremia (Kaschina et al., not published data). Thus, inflammatory response consistently 
followed aortic dilatation by all remodelling models, although the expression of inflammatory 
markers was not always the same. 
 
 
Proteolysis of Extracellular Matrix Proteins 
 
The degradation of tunica media by means of proteolytic process seems to be the basic 
pathophysiologic mechanism of the AAA development. Understanding of proteolytic 
processes suggests potential areas for therapy. 
MMPs are considered to be the predominant proteinases 17. Several MMPs are known to 
degrade elastic fibres (MMP-2, -7, -9, and -12), several degrade interstitial collagen (MMP-1, 
-2, -8, -13, and -14), and others degrade denatured collagen (MMP-2 and -9) 18. Particularly, 
MMP-2 and MMP-9 have attracted interest in the process of AAA development 19. Patients 
with AAA have elevated MMP-2 and MMP-9 protein levels in the vasculature remote from 
the aorta, and the increase in these proteins was correlated with aneurysm diameter 20, 21. The 
activation of MMPs is tightly regulated by tissue inhibitors of metalloproteinases (TIMPs), 
and mRNA levels of TIMPs were decreased in AAA tissue 22, 23 . We could find an activation 
of pro-MMP-2, MMP-3, MMP-9, pro-MMP-12 in the aneurysmal as compared to healthy  
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aortic tissues. Consistently with the MMPs up-regulation, the active form of TIMP-4 was 
down-regulated 24. In animal model of AAA, by kininogen deficient Brown Norway 
Katholiek rats (BN/Ka) aneurysm formation was associated with an enhanced elastolysis, 
increased expression of MMP-2, MMP-3 and down-regulation of TIMP-4 14.  
Other proteases are also reported to contribute to the initiation and progression of AAA 25. 
Cathepsins are members of cysteine proteases and are regulated by the inhibitor cystatin C. 
We found an activation of cathepsins D, L, H in the aneurysmal as compared to healthy aortic 
tissues. In elastase induced model of AAA we could detect an up-regulation of both MMP-3 
and cathepsin D proteins 15. Moreover, aortic dilatation in mice experimental obesity model 
was associated with an up-regulation of MMP-3, cathepsin B and cathepsin D in the media 
and in the adventita of aorta 16. 
 
 
 
1.3. The Role of Renin-Angiotensin system (RAS) in AAA 
 
 
Angiotensin II and vascular remodeling 
 
There is evolving evidence that angiotensin II (Ang II) participates in the initiation and 
propagation of AAAs 26. Animal studies have consistently demonstrated the ability of Ang II 
to promote the formation of AAAs, although the mechanisms of this effect have not been 
defined 27.  
The presence of angiotensinogen, angiotensin-converting enzyme (ACE) and the angiotensin 
receptors in peripheral tissues strongly suggest that Ang II can be both generated and perform 
its effects locally 28. Local RAS has been implicated in vascular remodelling. The formation 
of Ang II by peptidases which are different from ACE has been known as alternative Ang II - 
generating pathway (Fig.1). Renin and cathepsin D convert angiotensinogen to Ang I, 
cathepsin G, tissue plasminogen activator and tonin convert angiotensinogen directly to Ang 
II, chymase and cathepsin A convert Ang I to Ang II 29. Some of these proteases may be 
brought to the diseased site within a tissue by infiltrating cells such as leukocytes (e.g. 
cathepsin D and cathepsin G is secreted by monocytes and neutrophils), T-cells (also 
secreting cathepsin D and cathepsin G) or mast cells (an important source of chymase, 
cathepsin D and cathepsin G and even renin) 30. These alternate Ang II-formation pathways 
may be more important for the formation of Ang II on a tissue level and therefore in the 
development of vascular disease. Ang II also activates MMPs 31. Moreover, the increase of 
the proteolytic activity of cathepsins leads to extracellular matrix degradation, activation of 
MMPs, elastin hydrolysis and apoptosis 32. These combined actions make RAS a strong 
contributor to aneurysm formation.  
In human studies, the data about the role of RAS in aneurysm formation are limiting and still 
controversial. While some authors have shown that human aneurysmal tissue possesses an 
increased ability to generate Ang II compared to normal tissue 33,34, the comparison of the 
aneurysmal tissue from ruptured and unruptured cerebral aneurysm suggested that a decreased 
expression of local RAS components plays a role in the pathogenesis of disease 35. In our 
study, where we compared the expression of different RAS components in human healthy, 
atherosclerotic and aneurysmatic aorta, most of RAS components showed a significantly 
stronger expression in AAA 36. Interestingly, almost all RAS components were found in high  
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abundance in cells of the inflammatory infiltrate, which was mainly localized in the 
adventitia. Thus, an activated local RAS within the vessel wall may not only attract the 
inflammatory cells by stimulating the expression of cytokines and chemokines, but the 
infiltrate itself may serve as a   kind of secondary local RAS.  
 
 
The AT1 Receptor Antagonists 
 
Ang II can bind to AT1- or AT2 receptors mainly localized within the adventitia and vascular 
smooth cells and the AT2 receptor preferably localized on endothelial cells 37. Ang II, through 
its AT1 receptor, participates in vascular remodelling, endothelial dysfunction and 
inflammation. Ang II activates NF-kappa B via the production of superoxide, regulate cell 
adhesion molecules ICAM-1,VCAM-1, E-selectin and the cytokines IL-6, IL-6, IL-8, MCP-1 
and TNF-alpha 38,39, which, in turn, mediate the adhesion and of monocytes, lymphocytes and 
leukocytes to the vessel wall, their migration, activation of T-cells, differentiation of B-cells 
etc. 40.  
Evidence for an unfavourable of the AT1 receptor in AAA has been provided by our and 
other groups showing that AT1-blockade could slow AAA progression in different animal 
models, such as in a mouse model of atherosclerosis 41, in the mouse with Marfan syndrome 42  
as well as in rat model of aneurysm 15.  
AT1 receptor blockade is known to have beneficial effects on the vasculature via different 
protective mechanisms, e.g. anti-inflammatory, anti-oxidative, anti-atherosclerotic 43,44.  
ACE inhibitors suppressed the development of elastase-induced AAAs in the rat 45. 
Furthermore, treatment with ACE inhibitors in a population-based case-control study was 
associated with a reduced risk of ruptured abdominal aortic aneurysm 46. 
Recently, we studied the effect of the AT1 receptor antagonist telmisartan in different models 
of aneurysm. Telmisartan treatment significantly reduced aneurysmal size, independently 
from blood pressure reduction 15. Pro-inflammatory factors TNF-alpha, TGF-1 beta and 
NFkB, proteases MMP3 and cathepsin D as well as apoptotic markers caspase 3, p53 and Fas 
ligand proteins, were significantly downregulated in aortic tissue under telmisartan compared 
to vehicle treatment. Furthermore, telmisartan abolished the obesity-induced aortic dilatation 
in mice by inhibiting proteolytic dysregulation in perivascular adipose tissue 16. This effect 
was due to attenuated cytokine-induced expression of cathepsin B, cathepsin D, MMP2 and 
MMP3 in adipocytes.  Also in the VSMCs telmisartan prevented IL-1 alpha induced secretion 
of MMP2 and MMP9 47. Whether this antiproteolytic effect is primary or only secondary to 
the anti-inflammation requires further investigations. 
 
 
The AT2 Receptor Agonists 
 
Recent investigations have established a role for the AT2 receptor in cardiovascular, brain and 
renal function as well as in the modulation of various biological processes involved in 
development, cell differentiation, tissue repair and apoptosis. Although the AT1 receptor is 
dominant in the adult organism, an increase of AT2 receptor expression has been observed 
under pathological conditions, such as vascular injury, myocardial infarction and congestive 
heart failure, renal failure, brain ischemia and sciatic or optic nerve transsection 44, 48, 49. 
The AT2 receptors are localised on the vascular endothelial cells 50 as well as on the cells 
involved in the inflammatory and immune reactions, such as monocytes 51, mast cells 52, T-  
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cells 53 and C-kit +cells 54. Therefore, the AT2 receptor stimulation may be vascular 
protective due to its anti-inflammatory effects, which has been recently demonstrated in the  
model of myocardial infarction 55. Treatment with the AT2 receptor non-peptide agonist 
compound 21 decreased up-regulated levels of monocyte chemoattractant protein-1 and 
myeloperoxidase as well as cardiac IL-6, IL-1beta, and IL-2 expression. AT2 receptor–
coupled signaling leading to reduced IL-6 levels involved inhibition of nuclear factor B, 
activation of protein phosphatases, and synthesis of epoxyeicosatrienoic acid 56. Thus, it could 
be hypothesized that a direct activation of the AT2 receptor may be beneficial by AAA. This 
pharmacological approach requires further investigation. 
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Figure.1 The role of different RAS components in aneurysm formation 

 
1.4. The Role of Kallikrein-Kinin System  

 
Kallikrein-Kinin System (KKS) 

Kallikrein-kinin system is known to counterbalance RAS. Kinins (bradykinin and lysyl-
bradykinin) have been implicated in the regulation of renal function, blood flow, and blood  
pressure. Kinins are generated from kininogens by tissue and plasma kallikreins 57, and their 
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pharmacological effects are mediated by B1- and B2 subtypes of kinin receptors. Kininogen, 
also known as alpha-2-thiol proteinase inhibitor is a secreted plasma glycoprotein that is 
involved in the generation of kinins, modulation of platelet aggregation, angiogenesis and 
acute phase response 58. Kininogen is present in the vascular wall 59. High molecular weight 
kininogen (HMWK) consists of 6 domains and is processed by plasma kallikrein to release 
bradykinin and yield HKa. HKa is a disulfid-linked dimer containing heavy chain (domains 1 
to 3) and light chain (domains 5 and 6). 
 
Kininogen in the Regulation of MMPs  
 
We could demonstrate for the first time that kininogen deficiency by Brown Norway 
Katholiek (BN/Ka) rats contributes to aneurysm formation and this process is associated with 
proteolysis, increased release of inflammatory cytokines and FasL- and capase-3 dependent 
apoptosis 14. These findings suggest that genetic kininogen deficiency renders vascular tissue 
prone to aneurysmatic but not to atherosclerotic lesions. Further studies demonstrated that 
kininogen affects the regulation of MMPs in vascular smooth muscle cells (VSMCs). Using 
an in vitro model of VSMCs, cultured from the rat aorta, we found that the cleaved form of 
high molecular weight kininogen (HKa) affected the expression of MMP-9 and MMP-2 and 
their tissue inhibitors (TIMPs). Treatment of VSMCs with HKa reduced in a concentration-
dependent manner IL-1alpha-induced release of MMP-9 and MMP-2 associated with 
decreased MMP enzymatic activity levels 60. Our findings have been recently confirmed by 
Wu et al. 61, who demonstrated the down-regulation of MMP-2 by HKa in endothelial cells. 
HKa has been also shown as a potent agent in other studies: It inhibits migration and invasion 
of prostata cancer cells 62 as well as it inhibits angiogenesis 63.    
 
Kininogen in the Regulation of Apoptosis  
 
Kininogen like cystatins is a potent inhibitor of cysteine proteases (cathepsins) 64. Cathepsins 
are released from macrophages during inflammation and possess highest elastinolytic and 
collagenolytic potential 65. Therefore, one of the additional possible protective pathways of 
kininogen, similar with cystatins, may include cysteine protease inhibition. Interestingly, 
cystatin deficiency increases elastic lamina degradation and aortic dilatation in apolipoprotein 
E-null mice and correlates inversely with increased aortic diameter in human 25. The findings 
highlight a potentially important role for imbalance between cysteine proteases and their 
inhibitors in arterial wall remodelling. Moreover, cathepsins induce apoptosis 32. Therefore, 
we investigated the role of kininogen in the apoptosis of VSMCs 66. High molecular weight 
kininogen (HMWK) concentration-dependently prevented aortic VSMC from entering 
apoptosis which was associated with a down-regulation of apoptotic index, cleaved caspase 3 
and 9, decreased caspase 8 activity and reduced release of cytochrome C and cathepsin B into 
the cytosol. Consistent with these results, the expression of the anti-apoptotic protein Bcl-XL 

and phospho-42/44 MAPK was increased by HMWK. These results were confirmed by 
rescue of VSMC transfected with an HMWK expression vector.  
All these findings raise the possibility that alterations of the arterial kallikrein-kinin system 
may play an important role in the pathogenesis of vascular disease. Other findings, e.g, 
association of kininogen deficiency in human with vertebral artery dissection 67, development 
of dilatative cardiomyopathie in kallikrein deficient mice 68 and association of low kallikrein 
gene activity with the brachial artery inward remodeling 69 also confirm the protective role of 
KKS. 
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Figure 2.   Molecular pathways of aneurysm formation. Implication of RAS and KKS.  
 
 
1.5. Other treatment strategies for AAA 
 
Apart from RAS- and KKS-associated medications, a number of pharmacological therapies 
have also the potential to limit AAA progression. Among them, statins 70, antibiotics 
(roxithromycin) 71 and anti-inflammatory agents 72 appear to inhibit the AAA growth rate in 
humans. However, the sample size and follow-up period of studies were limited. Therefore, a 
large randomized study with long-term follow-up of small AAA should be performed to 
clarify the effect of these agents. 
Based on molecular mechanisms of AAA formation, numerous new strategies have been 
proposed to prevent AAA development. One of them is c-Jun N-terminal kinase (JNK) 
regulation. Inhibitor of JNK not only prevented AAA formation, but also caused regression of 
established AAA in mouse models 73. Furthermore, a combined treatment using a JNK  
inhibitor and decoy ODNs against NFkB and ets has been reported to regress AAA in animal 
models 74. 
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Another new strategy is the inhibition of mast cell degranulation. Application of disodium 
cromoglycate, an inhibitor of mast cell degranulation, reduced aortic expansion by 40% in an 
elastase-induced mouse AAA model, accompanied by the inhibition of recruitment of mast  
cells and macrophages 75. Similarly, Tsuruda T. et al. 76 demonstrated that treatment with 
another inhibitor tranilast attenuated AAA progression in a CaCl2-induced rat AAA model. 
Potential targets for AAA treatment could be summarised as follows: inhibition of proteolytic 
activity, inhibition of inflammatory response, and upregulation of synthesis of extracellular 
matrix proteins.  
 
 

2. Objectives 

Abdominal aortic aneurysm is a complex vascular disorder which causes significant mortality 
4. AAA is characterized by a chronic inflammatory reaction, matrix degradation and outward 
vascular remodelling 7,8,9.  

Animal studies have demonstrated the ability of Ang II to promote the formation of AAAs, 
although the mechanisms of this effect have not been defined 27. In human studies, the data 
about the role of RAS in aneurysm formation are limiting and still controversial 33,34,35.   

The kallikrein-kinin system is known to counterbalance RAS. Kininogen is involved in the 
generation of kinins, inhibition of proteases and acute phase response 58.  The vascular effects 
of kininogen by aneurysm have not been investigated. 

In this work, the role of different components of renin-angiotensin- and kallikrein-kinin- 
systems in aortic remodelling process were studied. The therapeutic targets were identified 
and their effects were analysed in various experimental models.  
 
The research was focused on: 
 
- The role of different RAS components in the transition from atherosclerosis to aortic 
   aneurysm in humans (3.1., paper 1). 
- The effect of the AT1 receptor antagonist telmisaratan in the treatment of aneurysm in the 
   rat (3.2., paper 2). 
- The pharmacological effects of AT2 receptor stimulation in experimental model of  
   myocardial infarction (3.3., paper 3). 
- The role of kininogen in aneurysm formation in genetic model (3.4., paper 4). 
- The regulation of MMPs by kininogen in vascular smooth muscle cells in vitro (3.5., paper 
   5). 
 
This study aims for a better understanding the molecular mechanisms underlying vascular 
remodelling during aneurysm formation. In particular, the study characterizes angiotensin 
receptors and proteases of the renin-angiotensin systems as well as high molecular weight 
kininogen in the context of outward vascular remodelling. The investigations are also focused 
on in vivo effects of RAS-associated medications, e.g. AT1 receptor blockers and AT2 
receptor agonists. 
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3. Results  
 
 

3.1. Transition from atherosclerosis to aortic aneurysm in humans coincides with an 

increased expression of RAS components.  

 

Kaschina E, Scholz H, Steckelings UM, Sommerfeld M, Kemnitz UR, Artuc M, Schmidt S, 

Unger T. 

Atherosclerosis; 205(2):396-403, 2009 
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3.2. Telmisartan prevents aneurysm progression in the rat by inhibiting proteolysis, 

apoptosis and inflammation.  

 

Kaschina E, Schrader F, Sommerfeld M, Kemnitz UR, Grzesiak A, Krikov M, Unger T. 

Journal of Hypertension; 26:2361-73, 2008 
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3.3. Angiotensin II type 2 receptor stimulation: a novel option of therapeutic 

interference with renin-angiotensin-system in myocardial infarction.  

 

 
Kaschina E*, Grzesiak A*, Li J, Foryst-Ludwig A, Timm M, Rompe F,Sommerfeld M, 

Kemnitz UR, Curato C, Namsolleck P, Tschöpe C, Hallberg A, Alterman M, Hucko T, 

Paetsch I, Dietrich T, Schnackenburg B, Graf K, Dahlöf B, Kintscher U, Unger T, Steckelings 

UM.  

*Both authors contributed equally to this work 
 

Circulation; 118(24):2523-32, 2008 
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3.4. Genetic kininogen deficiency contributes to aortic aneurysm formation but not to 

atherosclerosis.  

 

Kaschina E, Stoll M, Sommerfeld M, Steckelings UM, Kreutz R, Unger T.  

Physiol Genomics; 19:41-49, 2004 
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3.5. Cleaved high molecular weight kininogen, a novel factor in the regulation of matrix 

proteinases in vascular smooth muscle cells.  

 

Vosgerau U, Lauer D, Unger T, Kaschina E.  

Biochem Pharmacol; 15;79(2):172-9, 2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

16



Discussion    
 
 
4. Discussion  

 
There is evolving evidence that RAS is widely involved in the aneurysm formation. Ang II 
has direct effects at the cellular level and influences aortic remodelling through the AT1 
receptor (papers 1 and 2). The presence of angiotensinogen, the angiotensin receptors and 
other RAS components such as chymase, cathepsin G and cathepsin D in aorta strongly 
suggest that Ang II can be both generated and perform its effects locally (paper 1). The 
converting proteases contribute to aneurysm formation both by generation of Ang II and by 
additional mechanisms of extracellular matrix degradation.  
 
The AT1 receptor antagonist, telmisartan, prevents AAA progression independently of blood 
pressure reduction by inhibiting proteolysis, apoptosis and inflammation in aortic tissue 
(paper 2). Telmisartan acts anti-inflammatory by down-regulation of various cytokines as well 
as by reducing MCP-1, a chemokine which strongly contributes to aneurysmal vascular 
degeneration by leukocyte recruitment. Apoptosis of vascular smooth cells is also closely 
related to extracellular matrix degradation. Whether the anti-apoptotic properties of 
telmisartan are primary or secondary to the anti-inflammatory mechanisms, for example, 
down-regulation of TNF- , requires further investigation.  
 
Evidence for a favourable effect of AT1 receptor antagonism obtained in the experimental 
studies should be confirmed in a large randomized study with long-term follow-up of AAA. 
Further investigations should also be focused on the anti-inflammatory properties of the AT2 
receptor (paper 3) in AAA as well as on the new treatment strategy using AT2 receptor 
agonists.  
 
Some components which take part in Ang II generation, namely chymase, cathepsin G and 
cathepsin D, additionally possess features such as chemotaxis or proteolysis which may 
accessorily contribute to AAA formation (paper 1). Thus, other possible pharmacological 
targets are RAS-associated proteolytic enzymes and their selective inhibitors.  
 
The link of AAA with known risk factors for the disease, such as smoking, atherosclerosis, 
and hypertension could help us in the understanding of pathomechanisms. For example, a 
comparison of molecular pathways between AAA and atherosclerosis, which we have used, 
studying the role of RAS components, could be one of possible study approaches in further 
investigations (paper 1). Our data suggest that in humans RAS activation is not just a key 
player in the pathogenesis of atherosclerosis, but that a further increasing activation may be 
involved in the transition from atherosclerosis to AAA. 
The main pathomechanisms of AAA formation, such as inflammation, proteolysis and the 
degradation of exracellular matrix have been established (papers 1, 2, 4, 5). At the same time, 
the factors that initiate and maintain the abnormal intracellular signalling pathways, such as 
inflammation, are not yet clear. Also, the interaction of mediators and signalling pathways is 
not understood. If these points could be clarified, the most effective molecular target would be 
identified, leading to important new discoveries and therapies for small AAA.  
 
 
 
 
 

17



Discussion    
 
 
The kallikrein-kinin system, which is known to counterbalance the RAS, is also implicated in 
the AAA (papers 4 and 5). Our group was first to demonstrate the protective action of KKS in 
aneurysm (paper 4). We have also provided an explanation of this effect showing the 
regulation of proteases by high molecular weight kininogen (paper 5). The cleaved form of 
high molecular weight kininogen affected the expression of MMP-9 and MMP-2 and their 
tissue inhibitors (TIMPs). These cellular effects could be mediated through uPAR-receptor or 
other yet unknown receptor. The determination of kininogen-domain which exerts inhibitory 
action requires further investigations. 
Taken into consideration that there are close interactions between RAS and KKS, e.g. in the 
signalling between the AT2 receptor and KKS, research should be also focused on the 
interaction mediators. Moreover, a combined approach based on the inhibition of RAS and 
activation of KKS may become increasingly important in the treatment of AAA.  
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4. Summary 
 
The overall prevalence of aortic aneurysms has strongly increased in the last 30 years due to 
an ageing population. Present treatment options such as endovascular stents or open surgery 
procedures are not appropriate for all patients. The risk of death from aneurysm rupture 
remains a significant clinical problem. Better understanding of aortic aneurysms is important 
for development of new pharmacological treatments.  
In this dissertation, different aspects of AAA were investigated in the context of renin-
angiotensin- and kallikrein-kinin-systems. In the first study we have found that most RAS 
components were significantly stronger expressed in human AAA when compared to 
atherosclerotic lesions (paper 1). Some components which take part in Ang II generation, 
namely chymase, cathepsin G and cathepsin D, additionally possess features such as 
chemotaxis or proteolysis which may accessorily contribute to AAA formation. Therefore, in 
humans increasing of RAS activation may be involved in the transition from atherosclerosis to 
AAA. 
The next study (paper 2) was designed to elucidate protective mechanisms of AT1 receptor 
blockade by AAA formation. We studied telmisartan, the AT1 receptor antagonist with long 
duration of action and high lipid solubility. Telmisartan prevented aneurysm expansion in an 
experimental model of AAA independently of blood pressure reduction. Several mechanisms 
of telmisaratan underlie vascular protection: inhibition of proteolysis, reduced production of 
proinflammatory cytokines and prevention of apoptotis in the aorta. 
The AT2 receptors which are known to afford tissue protective actions may be exposed to 
enhanced Ang II levels after AT1 blockade. The effects of the AT2 receptor stimulation were 
investigated using a specific AT2 receptor agonist compound 21 (paper 3). In the model of 
myocardial infarction, compound 21 reduced infarct size and improved heart function. These 
protective effects were associated with the anti-inflammation and anti-apoptosis.  
The implication of kallikrein-kinin system in aneurysm formation was discovered in a genetic 
animal model (paper 4). In this study we reported that Brown Norway Katholiek rats, which 
feature a deficiency of plasma kininogens, develop severe abdominal aortic aneurysm. A 
genetically determined kininogen deficiency promoted the formation of AAA but not 
atherosclerosis and was associated with enhanced elastolysis, FasL- and caspase-3-mediated 
apoptosis, changes in plasma cytokines and the induction of the MMPs associated proteolytic 
cascade. Next in vitro study has revealed a molecular basis for these effects (paper 5). HKa 
affected the regulation of MMP-9 and MMP-2 and their tissue inhibitors TIMPs in VSMCs as 
demonstrated by a negative regulation of cytokine-induced MMP expression and activity. 
This study suggested that HKa might contribute to prevent the extracellular matrix from 
excessive degradation in the context of physiological and pathophysiological vascular 
remodeling. 
Thus, pharmacological interference with various components of renin-angiotensin- and 
kallikrein-kinin-systems is a promising approach for the treatment of AAA. 
 
 
 
 
 
 
 

19



References    
 
 
5. References 
 

1. Pasterkamp G, Galis ZS, de Kleijn DP. Expansive arterial remodeling: location, 
location, location. Arterioscler Thromb Vasc Biol;24: 650-657, 2004 

2. Carretero OA. Vascular remodeling and the kallikrein-kinin system. J Clin Invest 115: 
588-591, 2005 

3. Johnston KW, Rutherford RB, Tilson MD, Shah DM, Hollier L, Stanley JC. 
Suggested standards for reporting on arterial aneurysms. J Vasc Surg;13:452-458, 
1991 

4. Golledge J, Muller J, Daugherty A, Norman P. Abdominal aortic aneurysm: 
pathogenesis and implications for management. Arterioscler Thromb Vasc Biol; 
26(12):2605-2613, 2006 

5. Ouriel K. Randomized clinical trials of endovascular repair versus surveillance for 
treatment of small abdominal aortic aneurysms. J Endovasc Ther; 16 Suppl 1:I94-105, 
2009 

6. Nordon IM, Hinchliffe RJ, Holt PJ, Morgan R, Loftus IM, Thompson MM. EVAR for 
ruptured AAAs – do we need randomized controlle trials? J Cardiovasc Surg; 
50(5):617-25, 2009 

7. Rizzo RJ, McCarthy WJ, Dixit SN, Lilly MP, Shively VP, Flinn WR, Yao JS. 
Collagen types and matrix protein content in human abdominal aortic aneurysms. J 
Vasc Surg; 10: 365-373, 1989 

8. Baxter BT, McGee GS, Shively VP, Drummond IA, Dixit SN, Yamauchi M, Pearce 
WH. Elastin content, cross-links, and mRNA in normal and aneurysmal human aorta. 
J Vasc Surg; 16(2):192-200, 1992 

9. Nordon IM, Hinchliffe RJ, Holt PJ, Loftus IM, Thompson MM. Review of current 
theories for abdominal aortic aneurysm pathogenesis. Vascular; 17(5):253-63, 2009 

10. Curci JA, Thompson RW. Adaptive cellular immunity in aortic aneurysms: cause, 
consequence, or context? J Clin Invest; 114(2):168-171, 2004 

11. Schonbeck U, Sukhova GK, Gerdes N, Libby P. T(H)2 predominant immune 
responses prevail in human abdominal aortic aneurysm. Am J Pathol; 161:499-506, 
2002 

12. Watanabe N, Arase H, Kurasawa K, Iwamoto I, Kayagaki N, Yagita H, Okumura K, 
Miyatake S, Saito T. Th1 and Th2 subsets equally undergo Fas-dependent and -
independent activation-induced cell death. Eur J Immunol; 27(8):1858-64, 1997 

13. Leskinen MJ, Kovanen PT, Lindstedt KA. Regulation of smooth muscle cell growth, 
function and death in vitro by activated mast cells-a potential mechanism for the 
weakening and rupture of atherosclerotic plaques. Biochem Pharmacol; 66(8):1493-8, 
2003  

14. Kaschina E, Stoll M, Sommerfeld M, Steckelings UM, Kreutz R, Unger T. Genetic 
kininogen deficiency contributes to aortic aneurysm formation but not to 
atherosclerosis. Physiol Genomics; 19:41-49, 2004 

15. Kaschina E, Schrader F, Sommerfeld M, Kemnitz UR, Grzesiak A, Krikov M, Unger 
T. Telmisartan prevents aneurysm progression in the rat by inhibiting proteolysis, 
apoptosis and inflammation. Journal of Hypertension; 26:2361-73, 2008 

16. Krueger F, Kappert K, Foryst-Ludwig A, Clemenz M, Grzesiak A, Sommerfeld M, 
Kemnitz UR, Unger T, Kaschina E. Telmisartan attenuates outward aortic remodelling 
associated with diet –induced obesity. Hypertension; 52 (4): 757, 2008 

 

20

http://www.ncbi.nlm.nih.gov/pubmed/19317579
http://www.ncbi.nlm.nih.gov/pubmed/19317579
http://www.ncbi.nlm.nih.gov/pubmed/19769804
http://www.ncbi.nlm.nih.gov/pubmed/19769804
http://www.ncbi.nlm.nih.gov/pubmed/9295019
http://www.ncbi.nlm.nih.gov/pubmed/9295019
http://www.ncbi.nlm.nih.gov/pubmed/14555226
http://www.ncbi.nlm.nih.gov/pubmed/14555226
http://www.ncbi.nlm.nih.gov/pubmed/14555226


References    
 

17. Elmore JR, Keister BF, Franklin DP, Youkey JR, Carey DJ. Expression of matrix 
metalloproteinases and TIMPs in human abdominal aortic aneurysms.Ann Vasc Surg; 
12(3):221-8, 1998 

18. Beaudeux JL, Giral P, Bruckert E, Foglietti MJ, Chapman MJ. Matrix 
metalloproteinases, inflammation and atherosclerosis: therapeutic perspectives. Clin 
Chem Lab Med; 42(2):121-31, 2004 

19. Freestone T, Turner RJ, Coady A, Higman DJ, Greenhalgh RM, Powell JT. 
Inflammation and matrix metalloproteinases in the enlarging abdominal aortic 
aneurysm. Arterioscler Thromb Vasc Biol; 15(8):1145-1151, 1995 

20. Goodall S, Crowther M, Hemingway DM, Bell PR, Thompson MM.Ubiquitous 
elevation of matrix metalloproteinase-2 expression in the vasculature of patients with 
abdominal aneurysms. Circulation; 104(3):304-9, 2001 

21. McMillan WD, Tamarina NA, Cipollone M, Johnson DA, Parker MA, Pearce WH. 
Size matters: the relationship between MMP-9 expression and aortic diameter. 
Circulation;  96(7):2228-32, 1997 

22. Tamarina NA, McMillan WD, Shively VP, Pearce WH. Expression of matrix 
metalloproteinases and their inhibitors in aneurysms and normal aorta. Surgery; 
122(2):264-71, 1997  

23. Defawe OD, Colige A, Lambert CA, Munaut C, Delvenne P, Lapiere C, Limet R, 
Nusgens BV, Sakalihasan N. TIMP-2 and PAI-1 mRNA levels are lower in 
aneurysmal as compared to athero-occlusive abdominal aortas. Cardiovasc Res; 60, 
205–213, 2003 

24. Kaschina E, Scholz H, Sommerfeld M, Vosgerau U, Doerfel N, Kintscher U, Schmidt 
S, Unger Th. Activation of different proteolytic systems in human abdominal aortic 
aneurysms. Hypertension; 46 (4): 915-915, 2005 

25. Sukhova GK, Wang B, Libby P, Pan JH, Zhang Y, Grubb A, Fang K, Chapman HA, 
Shi GP. Cystatin C deficiency increases elastic lamina degradation and aortic 
dilatation in apolipoprotein E-null mice. Circ Res 96(3):368-75, 2005 

26. Daugherty A, Cassis LA. Mechanisms of abdominal aortic aneurysm formation. Curr 
Atheroscler Rep; 4(3):222-7, 2002 

27. Daugherty A, Manning MW, Cassis LA. Angiotensin II promotes atherosclerotic 
lesions and aneurysms in apolipoprotein E-deficient mice. J Clin Invest; 
105(11):1605–1612, 2000 

28. Paul M, Poyan A, Kreutz R. Physiology of local renin-angiotensin systems. Physiol 
Rev; 86: 747–803, 2006 

29. Unger T. The role of the renin-angiotensin system in the development of 
cardiovascular disease. Am J Cardiol; 89:3-9, 2002 

30. Haidar B, Kiss RS, Sarov-Blat L, Brunet R, Harder C, McPherson R, Marcel YL. 
Cathepsin D, a lysosomal protease, regulates ABCA1-mediated lipid efflux. J Biol 
Chem; 281: 39971–39981, 2006. 

31. Browatzki M, Larsen D, Pfeiffer C, Gehrke S, Schmidt J, Kranzhöfer A, Katus H, 
Kranzhöfer R. Angiotensin II Stimulates Matrix Metalloproteinase Secretion in 
Human Vascular Smooth Muscle Cells via Nuclear Factor- B and Activator Protein 1 
in a Redox-Sensitive Manner. J Vasc Res; 42:415-423, 2005 

32. Turk V, Turk B, Turk D. Lysosomal cysteine proteases: facts and opportunities. Embo 
J; 20:4629-4633, 2001 

 
 
 

21

http://www.ncbi.nlm.nih.gov/pubmed/9588507
http://www.ncbi.nlm.nih.gov/pubmed/9588507
http://www.ncbi.nlm.nih.gov/pubmed/15061349
http://www.ncbi.nlm.nih.gov/pubmed/15061349
http://www.ncbi.nlm.nih.gov/pubmed/11457749
http://www.ncbi.nlm.nih.gov/pubmed/11457749
http://www.ncbi.nlm.nih.gov/pubmed/11457749
http://www.ncbi.nlm.nih.gov/pubmed/9337194
http://www.ncbi.nlm.nih.gov/pubmed/9288131
http://www.ncbi.nlm.nih.gov/pubmed/9288131
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Limet%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nusgens%20BV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakalihasan%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/15653570
http://www.ncbi.nlm.nih.gov/pubmed/15653570
http://www.ncbi.nlm.nih.gov/pubmed/11931720


References    
 
 

33. Nishimoto M, Takai S, Fukumoto H, Tsunemi K, Yuda A, Sawada Y, Yamada M, Jin 
D, Sakaguchi M, Nishimoto, Sasaki S, Miyazaki M. Increased local angiotensin II 
formation in aneurysmal aorta. Life Sci; 71:2195-2205, 2002 

34. Ihara M, Urata H, Kinoshita A, Suzumiya J, Sasaguri M, Kikuchi M, Ideishi M, 
Arakawa K. Increased chymase-dependent angiotensin II formation in human 
atherosclerotic aorta. Hypertension; 33:1399-1405,1999 

35. Ohkuma H, Suzuki S, Fujita S, Nakamura W. Role of a decreased expression of the 
local renin-angiotensin system in the etiology of cerebral aneurysms. Circulation; 
108:785-787, 2003 

36. Kaschina E, Scholz H, Steckelings UM, Sommerfeld M, Kemnitz UR, Artuc M, 
Schmidt S, Unger T. Transition from atherosclerosis to aortic aneurysm in humans 
coincides with an increased expression of RAS components. Atherosclerosis; 
205(2):396-403, 2009  

37. Allen AM, Zhuo J, Mendelsohn FA. Localization and function of angiotensin AT1 
receptors. Am J Hypertens; 13:31S-38S, 2000 

38. Graninger M, Reiter R, Drucker C, Minar E, Jilma B. Angiotensin receptor blockade 
decreases markers of vascular inflammation. J Cardiovasc Pharmacol; 44:335–339, 
2004 

39. Ruiz-Ortega M, Ruperez M, Esteban V, Egido J. Molecular mechanisms of 
angiotensin II-induced vascular injury. Curr Hypertens Rep; 5:73–79, 2003 

40. Schmidt-Ott KM, Kagiyama S, Phillips MI. The multiple actions of angiotensin II in 
atherosclerosis. Regul Pept  93:65–77, 2000 

41. Daugherty A, Manning MW, Cassis LA. Antagonism of AT2 receptors augments 
angiotensin II-induced abdominal aortic aneurysms and atherosclerosis. Br J 
Pharmacol; 134(4):865–870, 2001 

42. Habashi JP, Judge DP, Holm TM, Cohn RD, Loeys BL, Cooper TK, Myers L et al. 
Losartan, an AT1 antagonist, prevents aortic aneurysm in a mouse model of Marfan 
syndrome. Science; 312:117–121, 2006 

43. de Gasparo M, Catt KJ, Inagami T, Wright JW, Unger T. International union of 
pharmacology. XXIII. The angiotensin II receptors. Pharmacol Rev; 2(3):415-72, 
2000 

44. Kaschina E, Unger Th. Angiotensin AT1/AT2 receptors: regulation, signalling and 
function. Blood Press; 12:70-88, 2003 

45. Liao S, Miralles M, Kelley BJ, Curci JA, Borhani M, Thompson RW. Suppression of 
experimental abdominal aortic aneurysms in the rat by treatment with angiotensin-
converting enzyme inhibitors. J Vasc Surg; 33:1057–1064, 2001 

46. Hackam DG, Thiruchelvam D, Redelmeier DA. Angiotensin converting enzyme 
inhibitors and aortic rupture: population based case control study. Lancet;68:659–665, 
2006 

47. Schrader F, Vosgerau U, Unger T, Kaschina E. Telmisartan prevents cytokine-induced 
release of MMP9 in the vascular smooth muscle cells. Hypertension; 52 (4):756, 2008 

48. Steckelings UM, Kaschina E, Unger Th. The AT2 receptor - A matter of love and 
hate. Peptides; 26:1401-1409, 2005 

49. Steckelings UM, Rompe F, Kaschina E, Unger T. The evolving story of RAAS in 
hypertension, diabetes and cardiovascular disease – moving from macrovascular to 
microvascular targets. Fundamental and clinical pharmacology; 23(6):693-703, 2009 

 
 

22

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Suzumiya%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sasaguri%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kikuchi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ideishi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arakawa%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/10977869
http://www.ncbi.nlm.nih.gov/pubmed/10977869


References    
 
 

50. Bonnet F, Cooper ME, Carey RM, Casley D, Cao Z. Vascular expression of 
angiotensin type 2 receptor in the adult rat: influence of angiotensin infusion. J 
Hypertens; 19: 1075–1081, 2001 

51. Nahmod KA, Vermeulen ME, Raiden S, Salamone G, Gamberale R, Fernández-
Calotti P, Alvarez A, Nahmod V, Giordano M, Geffner JR. FASEB J 17(3):491-3, 
2003   

52. Biscotte S, Levick S, Bertling M, Morgan L, Janicki J, Brower G. Angiotensin II 
mediated activation of cardiac mast cells. FASEB J 21:907.22, 2007 

53. Curato C, Timm M, Brinckmann MP, Grzesiak A, Altarche-Xifro W, Kaschina E, 
Unger T, Li J. Angiotensin receptors in inflammation after myocardial infarction. 
Hypertension; 50 (4): 808, 2007 

54. Altarche-Xifró W, Curato C, Kaschina E, Grzesiak A, Slavic S, Dong J, Kappert K, 
Steckelings M, Imboden H, Unger T, Li J. Cardiac c-kit+AT2+ cell population is 
increased in response to ischemic injury and supports cardiomyocyte performance. 
Stem Cells; 27(10):2488-97, 2009 

55. Kaschina E, Grzesiak A, Li J, Foryst-Ludwig A, Timm M, Rompe F,Sommerfeld M, 
Kemnitz UR, Curato C, Namsolleck P, Tschöpe C, Hallberg A, Alterman M, Hucko T, 
Paetsch I, Dietrich T, Schnackenburg B, Graf K, Dahlöf B, Kintscher U, Unger T, 
Steckelings UM. Angiotensin II type 2 receptor stimulation: a novel option of 
therapeutic interference with renin-angiotensin-system in myocardial infarction. 
Circulation; 118(24):2523-32, 2008 

56. Rompe F, Artuc M, Hallberg A, Alterman M, Ströder K, Thöne-Reineke C, 
Reichenbach A, Schacherl J, Dahlöf B, Bader M, Alenina N, Schwaninger M, 
Zuberbier T, Funke-Kaiser H, Schmidt C, Schunck WH, Unger T, Steckelings UM. 
Direct angiotensin II type 2 receptor stimulation acts anti-inflammatory through 
epoxyeicosatrienoic acid and inhibition of nuclear factor kappaB. Hypertension; 
55(4):924-31, 2010 

57. Bhoola KD, Figueroa CD, Worthy K. Bioregulation of kinins: kallikreins, kininogens, 
and kininases. Pharmacol Rev; 44(1):1-80, 1992  

58. Blais C, Marceau F, Rouleau JL, Adam A. The kallikrein-kininogen-kinin system: 
lessons from the quantification of endogenous kinins. Peptides; 21:1903–1940, 2000 

59. Yayama K, Shibata H, Takano M, Okamoto H. Expression of low-molecular-weight 
kininogen in mouse vascular smooth muscle cells. Biol Pharm Bull; 21(7):772-4, 1998 

60. Vosgerau U, Lauer D, Unger T, Kaschina E. Cleaved high molecular weight 
kininogen, a novel factor in the regulation of matrix proteinases in vascular smooth 
muscle cells. Biochem Pharmacol; 79(2):172-9, 2010 

61. Wu Y, Dai J, Schmuckler NG, Bakdash N, Yoder MC, Overall CM, Colman RW. 
Cleaved high molecular weight kininogen inhibits tube formation of endothelial 
progenitor cells via suppression of matrix metalloproteinase 2. J Thromb Haemost; 
8(1):185-93, 2010 

62. Liu Y, Pixley R, Fusaro M, Godoy G, Kim E, Bromberg ME, Colman R. Cleaved 
high-molecular-weight kininogen and its domain 5 inhibit migration and invasion of 
human prostate cancer cells through the epidermal growth factor receptor pathway. 
Oncogene 28(30):2756-65, 2009  

63. Zhang JC, Donate F, Qi X, Ziats NP, Juarez JC, Mazar AP, Pang YP, McCrae KR. 
The antiangiogenic activity of cleaved high molecular weight kininogen is mediated  

            through binding to endothelial cell tropomyosin. Proc Natl Acad Sci U S A; 99:12224- 
             12229, 2002 

23

http://www.ncbi.nlm.nih.gov/pubmed/20157051
http://www.ncbi.nlm.nih.gov/pubmed/20157051
http://www.ncbi.nlm.nih.gov/pubmed/1313585
http://www.ncbi.nlm.nih.gov/pubmed/1313585
http://www.ncbi.nlm.nih.gov/pubmed/9703266
http://www.ncbi.nlm.nih.gov/pubmed/9703266
http://www.ncbi.nlm.nih.gov/pubmed/19874467
http://www.ncbi.nlm.nih.gov/pubmed/19874467
http://www.ncbi.nlm.nih.gov/pubmed/19483730
http://www.ncbi.nlm.nih.gov/pubmed/19483730
http://www.ncbi.nlm.nih.gov/pubmed/19483730


 
References    
 
 

64. Muller-Esterl W, Fritz H, Machleidt W, Ritonja A, Brzin J, Kotnik M, Turk V, 
Kellemann J, Lottspeich F. Human plasma kininogens are identical with alpha-
cysteine proteinase inhibitors. Evidence from immunological, enzymological an 
sequence data. FEBBS Lett; 182(2):310-4,1985  

65. Punturieri A, Filippov S, Allen E, Caras I, Murray R, Reddy V, Weiss SJ. Regulation 
of elastinolytic cysteine proteinase activity in normal and cathepsin K-deficient human 
macrophages. J Exp Med; 192(6):789-99, 2000 

66. Doerfel N, Sommerfeld M, Vosgerau U, Unger Th, Kaschina E. High molecular 
weight kininogen acts as an anti-apoptotic factor in vascular smooth muscle cells. 
Hypertension; 46 (4): 914-914, 2005 

67. Krijanovski Y, Proulle V, Mahdi F, Dreyfus M, Muller-Esterl W, Schmaier AH. 
Characterization of molecular defects of Fitzgerald trait and another novel high-
molecular-weight kininogen-deficient patient: insights into structural requirements for 
kininogen expression. Blood; 101:4430-4436, 2003 

68. Meneton P, Bloch-Faure M, Hagege AA, Ruetten H, Huang W, Bergaya S, Ceiler D, 
Gehring D, Martins I, Salmon G, Boulanger C, Nussberger J, Crozatier B, Gasc JM, 
Heudes D, Bruneval P, Doetschman T, Menard J, and Alhenc-Gelas F. Cardiovascular 
abnormalities with normal blood pressure in tissue kallikrein-deficient mice. Proc Natl 
Acad Sci U S A; 98:2634-2639, 2001. 

69. Azizi M, Boutouyrie P, Bissery A, Agharazii M, Verbeke F, Stern N, Bura-Riviere A, 
Laurent S, Alhenc-Gelas F, and Jeunemaitre X. Arterial and renal consequences of 
partial genetic deficiency in tissue kallikrein activity in humans. J Clin Invest;  
115:780-787, 2005 

70. Sukhija R, Aronow WS, Sandhu R, Kakar P, Babu S. Mortality and size of abdominal 
aortic aneurysm at long-term follow-up of patients not treated surgically and treated 
with and without statins. Am J Cardiol; 97(2):279-80, 2006 

71. Vammen S, Lindholt JS, Ostergaard L, Fasting H, Henneberg EW. Randomized 
double-blind controlled trial of roxithromycin for prevention of abdominal aortic 
aneurysm expansion. Br J Surg; 88(8):1066-72, 2001 

72. Franklin IJ, Walton LJ, Greenhalgh RM, Powell JT. The influence of indomethacin on 
the metabolism and cytokine secretion of human aneurysmal aorta. Eur J Vasc 
Endovasc Surg; 18(1):35-42, 1999 

73. Yoshimura K, Aoki H, Ikeda Y, Fujii K, Akiyama N, Furutani A, Hoshii Y, Tanaka N, 
Ricci R, Ishihara T, Esato K, Hamano K, Matsuzaki M. Regression of abdominal 
aortic aneurysm by inhibition of c-Jun N-terminal kinase. Nat Med;11(12):1330-8, 
2005  

74. Miyake T, Aoki M, Masaki H, Kawasaki T, Oishi M, Kataoka K, Ogihara T, Kaneda 
Y, Morishita R. Regression of abdominal aortic aneurysms by simultaneous inhibition 
of nuclear factor kappaB and ets in a rabbit model. Circ Res; 101(11):1175-84, 2007 

75. Sun J, Sukhova GK, Yang M, Wolters PJ, MacFarlane LA, Libby P, Sun C, Zhang Y, 
Liu J, Ennis TL, Knispel R, Xiong W, Thompson RW, Baxter BT, Shi GP. Mast cells 
modulate the pathogenesis of elastase-induced abdominal aortic aneurysms in mice. J 
Clin Invest;117(11):3359–3368, 2007 

76. Tsuruda T, Kato J, Hatakeyama K, Kojima K, Yano M, Yano Y, Nakamura K, Nakamura-
Uchiyama F, Matsushima Y, Imamura T, Onitsuka T, Asada Y, Nawa Y, Eto T, Kitamura K. 
Adventitial mast cells contribute to pathogenesis in the progression of abdominal aortic 
aneurysm. Circ Res; 102(11):1368-77, 2008 

 

24

http://www.ncbi.nlm.nih.gov/pubmed/10993910
http://www.ncbi.nlm.nih.gov/pubmed/10993910
http://www.ncbi.nlm.nih.gov/pubmed/10993910
http://www.ncbi.nlm.nih.gov/pubmed/16442379
http://www.ncbi.nlm.nih.gov/pubmed/16442379
http://www.ncbi.nlm.nih.gov/pubmed/16442379
http://www.ncbi.nlm.nih.gov/pubmed/11488791
http://www.ncbi.nlm.nih.gov/pubmed/11488791
http://www.ncbi.nlm.nih.gov/pubmed/11488791
http://www.ncbi.nlm.nih.gov/pubmed/10388637
http://www.ncbi.nlm.nih.gov/pubmed/10388637
http://www.ncbi.nlm.nih.gov/pubmed/16311603
http://www.ncbi.nlm.nih.gov/pubmed/16311603
http://www.ncbi.nlm.nih.gov/pubmed/17885220
http://www.ncbi.nlm.nih.gov/pubmed/17885220
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sun%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sukhova%20GK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wolters%20PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22MacFarlane%20LA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Libby%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sun%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ennis%20TL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Knispel%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xiong%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thompson%20RW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baxter%20BT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shi%20GP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/18451339
http://www.ncbi.nlm.nih.gov/pubmed/18451339


Aknowledgement    
 
 
6. Acknowledgement 
 
I would like to express deep gratitude to Prof. Dr. Thomas Unger, the director of the Center 
for Cardiovascular Research (CCR), Institute of Pharmacology, Charité-Universitaetsmedizin 
Berlin, who provided general amounts of support and cooperation throughout my research. 
Thomas Unger not only invited me to start the experiments at the Institute of Pharmacology 
and Toxicology of Christian Albrechts University in Kiel, but also provided me with valuable 
opportunities to accomplish my study in his laboratory at CCR, Charité-Universitätsmedizin 
Berlin. Furthermore he initiated major collaborations with research groups worldwide leading 
to high-quality results. 
 
I have also received tremendous support from my family, friends, and colleagues throughout 
the whole process. This work would not have been possible without the excellent support of 
Manuela Sommerfeld and Ulrich Rudolf Kemnitz who demonstrated extraordinary patience 
and engagement in the laboratory. 
 
I owe my deepest gratitude to Miranda Schröder for helping me at any time and solving any 
unsolvable problems concerning students, grants and presentations. 
 
I would like to show my gratitude to Ph.D. and medical students Uwe Vosgerau, Nicole 
Dörfel, Aleksandra Grzesiak, Friedrich Krüger, Felix Schrader, Alexej Akohov and Svetlana 
Slavic for their outstanding commitment to all my projects and their valuable discussions and 
ideas.  
 
I sincerely acknowledge the Otto Benecke Stiftung for giving me a scholarship at the 
beginning of my scientific career in Germany. My studies were also supported by research 
grants from the German Ministry of Education and Research (BMBF) within the Competence 
Network of National Genomic Research (NGFN) for cardiovascular diseases and funds 
provided by the pharmacological industry. 
 
I am also greatly indebted to my former teachers: Professors Vladimir Skorobogatov and 
Aleksander Smirnov from Medical Military Academy, Institute of Pharmacology, Saint-
Petersburg for getting me interested in experimental pharmacology and teaching me how to 
develop new ideas. 
 
More than anybody, my husband Andrej deserves recognition. For almost ten years, he had to 
forego many holidays, evenings and weekends that we could have spent together. I also want 
to thank our daughter Olga Kaschina for her love, understanding and constant support. 

Lastly, and most importantly, I wish to thank my parents, Galina and Andrej Kaschin-Linde. 
They bore me, raised me, supported me, taught me, and loved me. To them, in memoriam, I 
dedicate this work.  

 

 

25



 
Statement    
 
 
 
8. Statement 
 
§ 4 Abs. 3 (k) der HabOMed der Charité  
Hiermit erkläre ich, dass  
- weder früher noch gleichzeitig ein Habilitationsverfahren durchgeführt oder angemeldet 
wurde,  
- die vorgelegte Habilitationsschrift ohne fremde Hilfe verfasst, die beschriebenen 
Ergebnisse selbst gewonnen sowie die verwendeten Hilfsmittel, die Zusammenarbeit mit 
anderen Wissenschaftlern/Wissenschaftlerinnen und mit technischen Hilfskräften sowie die 
verwendete Literatur in der Habilitationsschrift angegeben wurden.  
- mir die geltende Habilitationsordnung bekannt ist.  
 
 
 
 
 
……………………. ………                                                                ……………………………  
Datum                                                                                                                    Unterschrift 

26


	Kaschina_Habilitationsschrift_2011
	Binder_12.07.10
	Binder_10.07.10_korr
	Binder_10.07.10
	Habil_Elena_10.07.2010_doc_(17)
	Figure.1 The role of different RAS components in aneurysm formation
	1.4. The Role of Kallikrein-Kinin System 
	Kallikrein-Kinin System (KKS)

	Atherosclerosis
	Transition from atherosclerosis to aortic aneurysm in humans coincides with an increased expression of RAS components
	Introduction
	Methods
	Tissue samples
	Histological analysis
	Immunohistochemistry
	Immunoblot analysis
	Quantitative real-time RT-PCR (qPCR)
	Statistics

	Results
	Angiotensinogen
	AT1 receptor
	AT2 receptor
	Cathepsin G
	Cathepsin D
	Chymase
	Renin and renin/prorenin receptor
	Summary of results

	Discussion
	Conclusions
	Acknowledgment
	Supplementary data
	References


	Telmisartan
	Telmisartan prevents aneurysm progression in the rat by inhibiting proteolysis, apoptosis and™inflammation
	Introduction
	Methods
	Animals
	Aneurysm induction
	Measurement of blood pressure
	Haemodynamic measurements
	Ultrasonic measurements
	Dose finding of telmisartan and hydralazine
	Histological analysis
	Plasma cytokines
	Western blot analysis
	Statistics

	Results
	Dose-finding studies
	Aortic size and morphology
	Proteolysis in the aorta
	Inflammation
	Apoptosis in the aorta
	Blood pressure and haemodynamic measurements

	Discussion
	Acknowledgement

	References

	AT2
	Physiological genomics
	Kininogen_uwe
	Cleaved high molecular weight kininogen, a novel factor in the regulation of matrix metalloproteinases in vascular smooth muscle cells
	Introduction
	Materials and methods
	Cell isolation and culture
	Cell culture experiments
	Gelatin zymography
	Gelatinase/collagenase activity assay
	Western blotting
	Quantitative real-time PCR
	Nested PCR
	Statistical analysis

	Results
	Effect of HKa on cytokine-induced MMP-9 and MMP-2 secretion
	HKa does not affect the gelatinolytic capability of released MMPs
	Effect of HKa on MMP-9 and MMP-2 mRNA levels in cytokine-stimulated VSMCs
	Cytokine-induced increase of TIMP-1 expression is further enhanced by HKa
	Treatment of cytokine-stimulated VSMCs with HKa decreases MMP activity levels in conditioned media
	Elevated basal expression of MMP-2 and TIMP-2 in VSMCs derived from kininogen-deficient rats
	HK is not expressed by VSMCs

	Discussion
	Acknowledgements
	References



	AT2extra

	Titelblatt
	Direktor: Professor Dr. med. Thomas Unger 
	Habilitationsschrift 


	Titelblatt
	Direktor: Professor Dr. med. Thomas Unger 
	Habilitationsschrift 


	Titelblatt mit Gutachter



