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ENGLISH SUMMARY 

Aortic aneurysms (AA) are pathological dilations of the aorta. They usually occur in 
the abdomen (Abdominal Aortic Aneurysm: AAA) and has a prevalence of 2-8% in 
men (>60 years) and 2% in women. As the disease progresses, aneurysms tend to 
grow and could even rupture. In most cases, AA patients have no symptoms, so 
many of them are unaware that they have an aneurysm. Ruptured aneurysms are 
associated with a mortality rate of up to 80%, due to severe bleeding complications 
and sudden rupture.  AA are currently treated by open or endovascular surgery. 
However, both carry certain risks; open aortic surgery is a major, complex procedure 
with risk of complications, and endovascular surgery has a significant risk for 
reintervention. Ideally, a pharmaceutical therapy would be available as a non-
invasive alternative to surgery. However, no such therapy is currently available 
because we do not understand the molecular causes of the disease. If we 
understood which cells, proteins and genes are involved, we could design 
medication to target these specific molecules and processes. 

The aorta consists out of three layers, the outer layer (tunica adventitia, consisting 
mostly out of collagen fibers and fibroblasts), the middle layer (tunica media, 
consisting mostly out of smooth muscle cells and elastin fibers) and the inner layer 
(tunica intima, consisting out of a single layer of endothelial cells).  Smooth muscle 
cells are the predominant cell type in the aorta. Their role is to maintain the structure 
of the aortic wall with their contractile properties, and produce the matrix that 
surrounds them. It has been shown that smooth muscle cells play a role in aneurysm 
formation. Loss of smooth muscle cell contractile proteins and smooth muscle cell 
programmed cell death have been shown to happen early on during aneurysm 
development, indicating that smooth muscle cell dysfunction plays a role in 
aneurysm formation.  

The aim of this thesis is to investigate the role of smooth muscle cell dysfunction in 
aneurysm formation, and identify key smooth muscle cell specific processes, genes 
and proteins that are involved. For this purpose, we developed new models and 
methods to study aortic aneurysms and smooth muscle cell dysfunction in vitro, and 
gain valuable insights which can later be translated for the benefit of the patients. 
The research topics we worked on are divided into three major sections: I. is focused 
on the genetic defects in smooth muscle cell specific genes which are involved in 
aneurysm formation, and a new method we invented and applied to study these 
defects. II. is focused on a new method for measuring smooth muscle cell contraction 
in vitro and the new conclusions we made using that method. III. is focused on novel 
3D models we developed to study AA in the lab. Using these models, we were able 
to recreate a piece of the aorta, giving us valuable information about the structure 
and processes that occur. 



 

 

I. Genetic mutations affecting smooth muscle cell function leading 
to aortic aneurysm formation 
 

Mutations in smooth muscle cell specific genes lead to aneurysm formation. These 
genes encode for proteins, which are in the case of mutations either missing or 
malformed, meaning that they cannot perform their normal function. Since they 
cannot perform their function, the balance in the aortic wall is shifted, making it more 
unstable and prone to dilation. To study these proteins, we need access to smooth 
muscle cells, which we can only get through surgery, or by making them from stem 
cells, which takes a very long time and it is very expensive.  

 
For this reason, we developed a method to directly convert fibroblasts, cells obtained 
from a skin biopsy into smooth muscle like cells in 14 days in Chapter 2. Skin 
biopsies are taken from patients with an aneurysm and transformed into smooth 
muscle cells, imitating the original smooth muscle cells in the aorta of the same 
patient. We used a scaffold which contains collagen and elastin, imitating the fibers 
in the aortic wall and a protein which stimulates smooth muscle cell development in 
the body. The fibroblasts from the skin started expressing smooth muscle cell genes 
and proteins which are normally not present in skin. We can now use this method to 
discover defects in the smooth muscle cell proteins, which we wouldn’t be able to 
predict in skin cells. This is especially useful for patients who have a genetic 
mutation, but have not yet developed an aneurysm. We can use this method to 
predict what the effect on the mutation will have on their proteins, and 
consequentially on the aortic wall and aneurysm formation process. Using the cells, 
we converted with our new method, we further developed techniques to look at the 
functions of these cell and if these functions are changed as a consequence of the 
mutations. We can check how much smooth muscle like cells contract or migrate, 
allowing us to better understand the effects of these mutations (Chapter 3). In 
Chapter 4 we further investigated aneurysm related signaling, particularly TGFβ 
signaling. TGFβ is a protein which controls vital processes regarding smooth muscle 
cell function by binding to receptor complexes at the smooth muscle cell membrane. 
We identified that TGFβ receptor type 3 also plays a role in aneurysm related 
signaling, and not only types 1 and 2, as it was previously believed.  

 
II. Impaired smooth muscle cell contraction in patients with 

abdominal aortic aneurysms 
 

It was previously published by multiple authors that smooth muscle cell contraction 
is important for maintaining the structure of the aortic wall, and that its loss 
contributes to aortic aneurysm formation. One of the foundations for this claim is that 



 

mutations in genes which make proteins of the contractile machinery lead to 
aneurysm formation (Chapter 2). However, loss of smooth muscle cell contraction in 
AA patients was never measured in these smooth muscle cells in vitro. One of the 
reasons is the lack of suitable method for screening larger numbers of patient cells, 
which is needed to identify patterns in disturbed contraction. To uncover this, we 
worked on building a biobank of control and patient smooth muscle cells which were 
isolated from aortic biopsies during surgery. Patient biopsies were taken during open 
aneurysm repair and control biopsies were taken from non-dilated aortas of post-
mortem kidney donors. In Chapter 5 we developed a new method to measure 
contraction of live smooth muscle cells from healthy controls and aneurysm patients 
after stimulation. Using this new method, we could get a quantitative numeric output 
and detect which patient cells have weaker contraction compared to healthy control 
smooth muscle cells. We investigated cells of patients with no genetic mutation, 
meaning that this is the first time that it is experimentally proven that smooth muscle 
cells of sporadic aneurysm patients have contractile dysfunction. In addition, we 
showed that these are mostly patients who currently smoke and who had 
complications after their endovascular repair and had to have a second surgery. This 
also indicates a link between certain complications or risk factors for AA and 
decreased contraction, which can help further investigation into the molecular 
mechanism. 

 

III. 3D in vitro models of the aneurysmal walls: interaction between 
different cell types and extracellular matrix in aneurysm pathology 
 

The aorta is a complex system consisting of three layers and multiple cell types and 
a network of fibers which between them. During aneurysm development, the 
structure of the aortic wall is disintegrating, due to smooth muscle cell death and 
elastin and collagen fiber degradation.  It is difficult to study these complex 
intertwined processes if we only observe one isolated cell type, or a sample which 
isfixated in formaldehyde since it paints only a part of the picture. To better 
understand the live, dynamic processes that occur in the aortic wall during aneurysm 
formation, we developed two new models to study the 3D structure of the aortic wall 
and how it is disturbed in aneurysms (Chapter 6). First, we managed to cut a section 
of the aortic biopsy obtained during surgery using a special cutting mechanism, with 
a vibrating blade, which ensures that the section contains all three layers with 
preserved living cells inside. We can then keep this tissue alive in the lab for up to 
62 days. It also contains immune cells which infiltrated the aortic wall during the 
inflammation in the aneurysm tissue. Using this new model, we can compare 
preserved tissue pieces of healthy individuals and aneurysm patients, and study all 
the involved components. We can in this way compare the section of a healthy aortic 
wall to an aneurysmal, and study what happens with all the components in a live 



 

aortic section. We can also use these pieces to stimulate different signaling 
processes and see how the live aneurysmal wall reacts, or test pharmacological 
compounds as part of the search for medication of aortic aneurysms. 

In Chapter 7 we took a different approach and designed a new model as a 
reconstruction of the 3D structure of the aorta. Smooth muscle cells produce the 
matrix fibers which surround them in the aorta, for example elastin fibers. We used 
a 3D printed material that is suitable for cells and added smooth muscle cells from 
healthy controls and aneurysm patients, making a patient-specific model for each 
cell line. We observed these cells for multiple weeks, as they grew and made their 
own matrix fibers. In this way, we could recreate a small piece of the aorta. On top 
of it, we added endothelial cells, which are located on top of the smooth muscle cells 
in the aorta, on the very inside of the blood vessel. This part of our model imitates 
the communication between these two cell types. The patient-specific cell carries the 
individual hallmarks of aneurysm pathology, so we are able to measure these 
differences in the 3D model we created and use it to better understand why 
aneurysms occur. 

 
The models and methods we developed for this thesis can be further used to uncover 
the pathological mechanisms of smooth muscle cell dysfunction in aortic aneurysm 
formation. The method of converting skin fibroblasts into smooth muscle-like cells 
can be used to predict defects in patients with a mutation in smooth muscle cell 
specific genes before they undergo surgery. The contraction method can be used to 
expand on the findings regarding the link about contraction and smoking, and 
examine if other known risk factors influence smooth muscle cell contraction. The 
3D models can be used to gain better understanding about the crosstalk between 
different components of the aneurysm wall, and how it contributes to aneurysm 
formation. We anticipate that the legacy of our work will lead towards better 
understanding of why aortas dilate and subsequent development of new, improved 
future therapeutic prospects. 

 

 

 
 

  


