
1 
 

Towards Standardized Vascular Assays for Mesenchymal Stem Cells 

Ana Teresa de Sousa Valinhas 

Instituto Superior Técnico, Lisbon, Portugal 

September 2015 

Abstract: The treatment of ischemic heart disease through Mesenchymal Stem Cells (MSCs) based 

cellular therapies has emerged as a promising alternative in the past few decades. The development 

of these therapies will rely on assays capable of mimic the physiologic environemnt faced by the 

cells when seeded on the injured heart. Having in mind that one of the processes that promotes 

heart regeneration is angiogenesis, the co-culture of bone marrow derived human Mesenchymal 

Stem Cells (hMSCs) and Human Umbilical Vein Endothelial Cells (HUVECs) was studied through a 

vascular assay. In order to study the behavior and robustness of this system several parameters 

were tested such as hMSCs to HUVECs ratio (1:4, 1:2, 1:1, 2:1 and 4:1), hMSCs age in vitro and 

Matrigel used per well. Furthermore, the effects of pre-stimulating the hMSCs with two soluble 

ligands were tested. Overall, hMSCs interacted with HUVECs in a pericyte-like way, lining the 

outside of the vessels and bridging in between HUVECs. There was increased vessel formation with 

decreasing hMSCs to HUVECs ratio. The usage of 55 µL of Matrigel led to less variable results. 

hMSCs had a tendency to decrease their proliferative capacity after passage 4 (p4) and shown to 

be bigger in size at p6 and p7. Their capacity to form vessels decreased after reaching 16 population 

doublings (PD) (p6). Finally, while co-cultures where hMSCs were at p4 or p7 (PD of 12 and 19) 

appeared to be stimulated by ligand 2 (L2) to form more vessels, for hMSCs at p5 and p6 (PD 

between 14.5 and 16.5) ligand 1 (L1) had a more positive effect.  
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Introduction 

Ischemic heart disease is one of the leading 

causes of death in the world(Finegold et al. 

2013). In the last two decades, mesenchymal 

stem cells (MSCs) have shown to be a 

promising alternative to treat cardiac ischemia. 

These cells are easily isolated and amplified 

being capable of yielding large amounts of 

cells needed for these treatments and show 

the ability to improve cardiac performance and 

vascularization after myocardial 

infarction(Williams & Hare 2011). Animal 

studies and several clinical trials have 

demonstrated encouraging results, although 

the benefits shown are modest and often 

inconsistent (Terrovitis et al. 2010). The 

mechanisms that lead to the healing effect of 

MSCs are not completely known, however it is 

agreed that the major contribution for cardiac 

tissue regeneration is achieved through 

paracrine signalling which leads to anti-

apoptotic, anti-scarring, and angiogenic 

effects(Segers & Lee 2008; Caplan & Correa 2011).  

Angiogenesis is the process that leads to the 

formation of new vessels from pre-existing 

ones(Olsson et al. 2006). Vascularization 
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delivers a supply of several cell populations 

and bioactive factors that initiate and support 

tissue regeneration, making it a preponderant 

factor in wound healing(Sorrell et al. 2009). 

Angiogenesis assays in vivo are time 

consuming, costly, prone to high variability and 

are often difficult to quantify(Staton et al. 

2004). Furthermore, these have associated 

moral issues and are not well translatable to a 

commercially viable process that has to follow 

strict GMP guidelines. Thus, in vitro assays 

come as a solution to overcome these issues. 

These are either focused on proliferation, 

migration, tubule formation or differentiation of 

Endothelial Cells (ECs)(Staton et al. 2004). In 

their design, several parameters such as 

matrix, endogenous cell types and 

oxygenation have to be manipulated to mimic 

physiologic conditions with adequacy.  

In this study, several parameters were varied 

on a differentiation assay using a co-culture 

hMSCs and HUVECs, such as quantity of 

Matrigel, hMSCs to HUVECs ratio and hMSCs 

age in vitro. The effects of pre-stimulating 

hMSCs with two soluble ligands were also 

assessed. Assays were performed at low 

oxygen tension to more closely mimic 

physiologic conditions. 
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