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Presenter
Presentation Notes
During my PhD I have studied the influence of mechanical, biochemical, and physical cues on a specific cell type, the endothelial colony forming cells, to evaluate their relevance for in situ tissue engineering of blood vessels.



Blood Vessels 

  Endothelial cells 

Smooth muscle cells 

Collagen 

Arteries  (P= 80-120 mmHg) 
Small caliber (< 5mm in diameter) 
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Blood vessels are important organs that provide oxygen and nutrients to the tissues of our body and help in taking away the waste products. Generally, blood vessels are tubular structures in which blood flows characterized by concentric layers of cells and extracellular matrix. In this project we focused on small caliber arteries. These are vessels with a internal diameter smaller than 5mm that transport the blood to the body tissues and regulate the blood flow in response to tissue needs. For these arteries, the layered structure is characterized by a single layer of endothelial cells, and a thick layer of smooth muscle cells. These cells are surrounded by extracellular matrix components, such as collagens, that provide the mechanical strenght of the vessel.



Loss of vessel functionality: stenosis 

Problem Statement 

Infarcted area 
 
 

  
 

Coronary arteries 
 

  
 

Atherosclerotic plaque 
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The layered structure of the vessel ensures its functionality. However, aging, unhelthy life style and other factors can induce damages to this structure. For example, occlusions of the coronary arteries, which are the vessels that bring blood to the heart tissue, occurs when cholesterol and inflamamtory cells are accumulated on the vessel wall, limiting or blocking the blood flow to the heart muscle and causing tissue death.



Gold Standard 

Patient’s vessels 
Vessel < 5mm in diameter 

 

Synthetic vascular prosthesis 
Vessel > 5mm in diameter 

 
 
 

  

Need for small diameter vessel substitutes 

Prone to occlusions  Not always available 
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The current solution to solve this problem is to restore the blood flow to the infarcted area by overcoming the occlusion with surgical bypass.Currently, bypasses are performed by using vessels harvested from the patient. However, not all the patients have enough vessels available for this application. Synthetic vascular prosthesis are already successfully used as vascular substitutes for large vessels. Unfortunately they are not suitable for the replacement of small caliber vessels because they are prone to occlusion. In the medical field there is, therefore, a clear need for readily available and functional vascular substitutes to be used as small blood vessel replacements.



Cell isolation Cell seeding 
 on a scaffold 

Tissue formation Implantation 

Tissue Engineering 

Limitations 
- Time consuming (months) 
- Expensive 
- Prone to infection 

 
  
 
  
 

New strategy  
- Off-the-shelf availability 
- Competitive costs 

 
 

 
  
 
  
 

In Situ Tissue Engineering 

Available  
off-the-shelf  

Implantation 
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Vascular tissue engineering has been proposed as a promising approach to obtain blood vessels in the lab, by seeding endothelial and smooth muscle cells of the patient onto a tube-shaped polymeric material – called scaffold.  After several weeks of culture, a native-like blood vessel is obtained and it can be implanted into the patient. However, this approach is time consuming, expensive and has a high risk of infection.To significantly reduce these limitations, a novel approach has been introduced: the in situ vascular TE. This method is based on the use of a cell-free polymeric scaffold which is available off-the-shelf. Upon implantation, the scaffold should integrate into the body and stimulate the physiological vascular repair. The scaffold will be responsible for initial cell recruitment and cell stimulation to induce tissue formation directly at the site of implantation.



Aims of the Project 

 
1- Cell source for in situ vascular tissue engineering 
 
2- Influence of the hemodynamics 
 
3- Production of extracellular matrix 
 
4- Behavior in different scaffold architectures 
 

       
Smooth muscle cells 

Endothelial cells 
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However, many aspects still need to be investigated to optimazie the in situ approach. With this project, we focused on a possible cell source for in situ VTE and at studying, in vitro, the cell response to different environmental cues present at the site of implantation. For this reason, we determined how these cells responded to the hemodynamics, that is the characteristics mechanical environment of a blood vessels, characterized by blood flow and strain of the vessel wall. Moreover, we investigated whether these cells are capable of producing collagen, essential to restore vessel integrity. Finally we studied how cell behave inside different fibrous scaffolds.



Endothelial cells ECFCs Smooth muscle cells ECFCs + TGFβ1 

100 µm 

1- Cell Source 

Endothelial Colony Forming Cells (ECFCs) 
- Circulating in the blood 

- Similarity to Endothelial Cells 

- Transdifferentiation into Smooth Muscle Cells in the 
presence of TGFβ1 

 

Endothelial Cells (CD31)    Smooth Muslce Cell (αSMA)        Nucleus 
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As candidate cell source for this approach, we suggested ECFCs. These are circulating progenitor cells in the blood with morphology and marker expression similar to endothelial cells. In addition these cells can also become SMCs when grown in the presence of a particular growth factor called TGFbeta1. In this biochemical condition, part of the ECFCs start expressing a marker, indicated in green, that is typical of the SMCs, in a process called transdifferentiation. Therefore, we proposed ECFCs as a promising cell source for the in situ VTE approach, since by recruiting this cell type in the scaffold, both endohelial and smooth muscle cells can be obtained.



2- Influence of hemodynamics 

Mechanosensitivity 
- ECFCs respond to flow and strain (mechanosensitive) 

- ECFCs retain the endothelial markers 

STATIC STRAIN FLOW 

Endothelial Cells (CD31)    Smooth Muslce Cell (αSMA)        Nucleus 

50 µm 
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However, these cells should be also able to sustain the mechanical environment typical of a blood vessel. For this reason, we mechanically stimulate the ECFCs by applying flow and strain. Our results show that ECFCs are mechanosensitive because they respond to these mechanical cues by changing their orientation. In particular, ECFCs align parallely to flow direction while they distribute perpendicularly to strain direction. In every conditions, the cells expressed the endothelial markers and behaved similarly to endothelial cells.



3- Extracellular matrix production 

Collagen production 
- On a surface (2D culture) 

- Inside the scaffold (3D fibrin gel) 

- Tubular structures 

  

2D culture 3D culture 

50 µm 100 µm 

Collagens  Nucleus  Collagens  Cells  
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Another important requirement that ECFCs should fulfill is the capability of, producing collagen, to obtain a mechanically robust vessel. Therefore, we first demonstrated that ECFCs can produce collagen when grown on a surface. This will resemble the behavior of the cells recruited on the surface of the scaffold. Then, we investigated whether ECFCs were capable of producing collagen also in a 3D environment provided by a fibrin gel, simulating the behavior of the cells recruited inside the scaffold. Both in 2D and 3D cultures, characteristic tubular collagen structures, that resemble those of endothelial cells cultured in similar environments, were detected.



50 µm       

5 μm fibers 8 μm fibers 11 μm fibers Endothelial Cells ECFCs ECFCs + TGFβ1 

25 µm 25 µm 

Endothelial Cells ECFCs ECFCs + TGFβ1 

Fibers influence cell behavior 
- Different cell morphology 

- Loss of endothelial marker 

 

Endothelial Cells (CD31)   

Smooth Muslce Cell (αSMA) 

Nucleus 

Collagen (type I) 

Cell cytoskeleton 

Nucleus 

  

4- Influence of scaffold architecture 
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We have finally investigated the behavior of the cells inside a polymeric fibrous scaffold, to determine whether the scaffold fiber diameter, ranging from 5 to 11 micrometer, can influence cell behavior. For every fiber diameter, the behavior of ECFCs was always different from the one of endothelial cells. In particular, the cytoskeleton of the ECFCs,in green, infact, is aligned in the direction of the scaffold fiber while the cytoskeleton of the endothelial cells is organized around the fiber. Moreover, ECFCs cultured on the fibrous scaffolds lose the red endothelial marker and gain a brighter smooth muscle cell marker, behaving similarly to ECFCs cultured with TGFbeta1. This result suggests a potential role of scaffold architecture in regulating cell behavior.



Conclusions 

1- ECFCs as cell model for in situ vascular tissue engineering 
  
- from one cell type to two different vascular cells 
- extracellular matrix production in 2D and 3D environments 

2- ECFCs are mechanosensitive 
 

ECFCs respond to mechanical cues in 2D by changing orientation and 
behaving like endothelial cells 

3- Scaffold design can influence cell behavior 
 
- ECFCs in fibrous scaffold differs from endothelial cells 
- fibers can influence cell morphology and phenotype 
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In conclusion, we have demonstrated that ECFCs can be used as a cell model for in situ vascular TE, because of their intrinsic vascular characteristics and capability of producing extracellular matrix both in 2D and 3D environments. Moreover, we have here proved that ECFCs are mechanosensitive and that respond to the mechanical cues by changing their orientation while preserving the endothelial marker expression. Finally, we showed how scaffold architecture can be used as a tool to influence cell morphology and behavior, suggesting therefore the importance of scaffold design 
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