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Abstract: Ischemic heart disease is characterized by insufficient blood supply for the requirements of 

the heart muscle and it is a primary cause of death in developed countries. Obstruction of coronary 

arteries leads to myocardial infarction, with the associated death of cardiomyocytes. Human heart tissue 

does not regenerate spontaneously, and the actual therapy that addresses the fundamental problem of 

cardiomyocyte loss is cardiac transplantation. In this way, regenerative medicine represents a promising 

alternative treatment for myocardial infarction. Mesenchymal stem cells (MSCs) have been extensively 

explored for regenerative medicine applications due to their immunomodulatory and trophic properties. 

However, animal studies have found that MSCs transplanted into the site of injury typically migrate away 

from the injury site within 24 hours. The aim of this study was to determine whether biologic priming of 

MSCs prior to transplantation could improve cell retention and enhance functional responses that might 

support vascular regeneration. This was tested using MSCs from different sources, which were pre-

stimulated with molecules (ligand 1 and ligand 2) that have a candidate role in angiogenesis during 

development. Cell retention responses that were assayed were attachment and migration on extracellular 

matrix (ECM). In this work, it is reported that molecular priming of MSCs using Ligand 1 from the Notch 

pathway improves the adhesion of the human umbilical cord MSCS (huc-MSCs). On the other hand, 

stimulation with ligand 2 enhance the number of migrated huc-MSCs. The experiments were performed 

until passage 13, at which point they still possessed tri-lineage differentiation potential. 
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Introduction 

Ischemic heart disease is one of the leading 

causes of death in the world.1 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.2 Animal studies and 

several clinical trials have demonstrated 

encouraging results, although the benefits 

shown are only modest and often inconsistent. 

3The 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 signaling which leads to anti-

apoptotic, anti-scarring, and angiogenic 

effects.4,5  



Moreover, animal studies have found that MSCs 

transplanted into the site of injury typically 

migrate away from the injury site within 24 

hours.6 It does not make sense that an immature 

cell such as the MSC will have the intrinsic 

capacity to perform specialist functions or 

possess the ability to thrive in what are often 

hostile and ischemic environments. Therefore, 

strategies to prime MSCs prior to 

transplantation might be necessary to improve 

cell retention and enhance functional 

responses.  

In this study, the effects of pre-stimulating MSCs 

from different sources with two soluble ligands 

were assessed. Assays were performed at low 

oxygen tension to more closely mimic 

physiologic conditions. 

 

Materials and Methods 

MSCs culture 

Huc-MSCs used for the functional assays were 

seeded at 5-10 × 105 cells/cm2 in 75 cm2 tissue 

culture plastic flasks. Huc-MSCs were 

maintained in culture with low glucose DMEM 

(Dulbecco’s Modified Eagle Medium) 

supplemented with 10% v/v of fetal bovine 

serum MSCs-qualified (FBS) both from Gibco® 

and incubated at 37 °C in 5% CO2 humidified air 

(incubator). The medium was changed the day 

after the seeding and then every 2 days. Once 

MSCs reached 70-80% confluence, they were 

passaged by trypsinization. 

The same procedure was used for bone marrow 

MSCs (BM-MSCs). However, these cells were 

grown with 10% FBS low glucose DMEM, 

supplemented with 1ng/mL recombinant bFGF. 

Experiments were performed with huc-MSCs 

between P11 to P13, while BM-MSCs were used 

at P4. 

MSCs preconditioning with soluble ligands 

MSCs stimulation was performed by suspending 

them in 1% FBS/DMEM (no BFGF was added) at 

a concentration of 1.8×105 cells/mL in the 

presence of 3.6 µM of either recombinant 

human Ligand 1 or recombinant human Ligand 

2. Therefore, either 500ng of soluble ligand 1 or 

200ng of soluble ligand 2 were added per each 

mL of the MSCs suspension. Cells were gently 

mixed to the preconditioned medium and the 

tubes were placed in the humidified incubator 

for 45 minutes. Control MSCs (UT) were always 

processed in parallel at the same conditions of 

the other cells. 

  

MSCs adhesion  

Human plasma fibronectin (MP Biomedicals, 

02151126) (10µg/mL) was used to coat the 

bottom of 48-well plates and the coating was 

performed according to the manufacturers’ 

protocols to achieve protein gelation. 1×104 cells 

were seeded in each coated well, incubated at 

37°C and let attach for 20 or 40 minutes before 

being washed once with PBS (Sigma-Aldrich) to 

remove the unadhered ones. Cell attachment 

was detected by counting the cells after staining 

with DAPI. Cell attachment was detected by 

counting the cells after photographing them 

with the inverted light microscope. Random 

fields of view were taken at x4 magnification and 

the number of attached cells was estimated with 

ImageJ software Cell Counter plugin. 

 



MSCs migration 

Migration assays were carried out in a 24-well 

transwell plate using polycarbonate membranes 

with 8 µm-pores (Corning Costar). The 

membranes were coated with human 

fibronectin. Two controls were created (positive 

and negative control). In the positive control, 

800 µL of medium with 10% FBS and 100 ng/mL 

of chemoattractant SDF-1α (Cambridge 

Bioscience, PR-1895 9600 10) were added to the 

lower chamber. To the upper chamber only 

serum free medium was added in order to 

create a gradient. For the negative control, both 

lower and upper chamber were filled with 

serum free medium without chemoattractant. 

After 3-hour incubation at 37 °C, 5% CO2, cells on 

the membranes were fixed in 4% 4% 

paraformaldehyde (PFA) for 10 minutes, washed 

once in dH2O and then stained with 0.05% 

crystal violet in 10% ethanol filtered solution for 

40 minutes. The cells attached to the upper 

surface of the membrane were scraped off with 

a cotton swab and transwells were mounted 

onto microscope slides. Random fields of view 

were taken at x20 magnification and the number 

of migrated cells was estimated with ImageJ 

software Cell Counter plugin. 

Low environment generation 

In order to achieve the hypoxia condition, cells 

needed to be exposed to low oxygen tension 

(2% O2/5% CO2/N2 balanced) for 5 minutes 

within a home-made hypoxic chamber. Cells in 

atmospheric oxygen tension were processed in 

parallel. 

 

In Vitro huc-MSCs Three-Lineage Differentiation 

P13 huc-MSCs were tested for the ability to 

undergo three-lineage differentiation using 

three commercial differentiation kits as per 

manufacturer’s instructions. Control huc-MSCs 

were cultured under the same conditions but in 

normal complete medium and stained in parallel 

to the experimental wells. 

Adipogenic Differentiation 

For adipogenic differentiation, huc-MSCs were 

seeded into 12-well plates at 1 ×104 cells/cm2 in 

complete growth medium, allowing the 

attachment while incubating at 37 °C. After two 

hours the medium was discarded, cells washed 

once in 1x PBS and 1 mL of Adipogenesis 

Differentiation Medium (StemPro Adipogenesis 

Differentiation Kit, GIBCO, Invitrogen) added to 

each well. Cultures were re-fed every 3 days. At 

day 14 cells were washed in 1x PBS and fixed at 

room temperature for 10 minutes with 4% PFA. 

60% isopropanol was added to the cells and let 

sit for 5 minutes. Cells were then stained with a 

filtered solution of 0.3% w/v Oil Red 

O/isopropanol in distilled water 3:2 for 5 

minutes, rinsed under tap and counterstained 

with hematoxilin for 1 minute. 

Chondrogenic Differentiation 

Chondrogenesis was induced by culturing the 

huc-MSCs as micromasses. That was generated 

by seeding 10 µL droplets of a 1.6 × 107 huc-

MSCs/mL suspension in a 12-well plate. 

Micromasses were cultivated for 2 hours in the 

incubator and 1mL pre-warmed Chondrogenesis 

Differentiation Medium (StemPro 

Chondrogenesis Differentiation Kit, GIBCO, 

Invitrogen) was then added to the wells. 

Cultures were re-fed every 3 days. At day 14 cells 

were washed in 1x PBS, fixed at room 

temperature for 30 minutes with 4% PFA and 

rinsed. 1% Alcian Blue solution prepared in 0,1 



M HCl was used to stain the chondrocytes. After 

30 minutes, cells were rinsed twice in 0.1M HCl 

and then under running tap water. 

Osteogenic Differentiation 

For differentiation towards the osteogenic 

lineage , huc-MSCs were seeded at a 

concentration of 5 × 103 cells/ cm2 with 

complete medium for 2 hours and incubated at 

37 °C. The medium was then replaced with 1 mL 

Osteogenesis Differentiation Media (StemPro 

Osteogenesis Differentiation Kit, GIBCO, 

Invitrogen) and cultures were re-fed every 3 

days until day 21. At that point, cells were 

washed in 1x PBS, fixed with 4% PFA for 30 

minutes at room temperature and rinsed with 

distilled water. 2% Alizarin Red S solution (pH 

4.2) was added for 5 minutes and then the wells 

were carefully rinsed with distilled water to 

avoid disruption of the micromasses. 

Statistical Analysis 

Statistical analysis was performed with SPSS 

Statistics, version 22. Data were presented as 

the mean ± standard deviation (SD). Univariate 

comparisons of means were evaluated using 

ANOVA factorial with Bonferroni’s post hoc 

adjustment for multiple comparisons; p<0.001 

was considered a statistically significant 

difference. 

Results and Discussion 

Attachment assay 

In order to increase the number of attached cells 

in the area of the injury, as well as the time that 

they stay without migrating, MSCs were primed 

with ligands that have a central role in 

angiogenesis.  

This work starts with an oxygen and time 

comparison for attachment assay at passage 11 

after tripsinization (atp) under four conditions 

(20 minutes with 20% oxygen, 20 minutes with 

2% oxygen, 40 minutes with 20% oxygen and 

finally 40 minutes with 2% oxygen) and then for 

passage 13 (atp). The second part of this section 

presents a comparison of the capacity to 

migrate that the cells show at the passage 11 

(atp) and passage 13 (atp).This work ends with 

one characterization assay to evaluate the tri-

lineage capacity of huc-MSCs at passage 13 

(atp).  

Oxygen and Time comparison 

Figure 1 shows the oxygen and time comparison 

to cells at P11 (atp) under the same conditions. 

The assay was performed 4 times. 

 

Figure 1- Oxygen (20% and 2%) and time (20 and 40 
minutes) comparison of the number of adherent cells 
at passage 11 (atp) when pre-stimulated with Ligand 
1 or Ligand 2 and untreated. The error bars represent 
the standard deviation. n represents the number of 
assays performed. 

It is possible to verify in Figure 1 that the number 

of adherent cells at passage 11 (atp) after 

stimulation with the soluble ligands follows the 

same trend as the previous study. Once again, 

there was a significant main effect in the amount 

of cells attached when they are pre-stimulated 

(p<0.001). Post hoc test revealed, again, that 

only the pre-stimulation with sJ1 led to 



significantly increased cell attachment. The pre-

stimulation with sDLL4 seemed to present no 

differences in the number of attached cells 

when compared with the control (UT). In this 

way, it is possible to state that the ligand Jagged 

1 improves the adhesion capability when 

applied to huc-MSCs. On the other hand, the 

ligand Delta-Like 4 has no influence in cells 

retention. 

There was a significant effect between 20% and 

2% oxygen conditions (p<0.001). In this case, in 

all conditions (untreated, sJ1 and sDLL4) the 

number of adherent cells increased when the 

cells were subjected to hypoxia conditions. In 

fact, as reviewed in section 2, the chemokine 

SDF-1/CXCL12, that appears to play a central 

role in the recruitment and homing of stem cells, 

was upregulated when MSCs were exposed to 

hypoxic conditions. In this way, the results 

obtained validate the findings that low oxygen 

conditions could enhance a key functional 

response important for the retention of stem 

cells.  

The number of adherent cells after 20 or 40 

minutes was not significantly different. This is a 

good result, as mentioned previously, because it 

is important that the cells do not migrate to 

other areas of the body with the passing of time. 

However, to guarantee that the cells do not 

migrate over time, it is necessary to do the same 

assay with increasing incubation times. 

To summarize, all the results are congruent with 

the results obtained in the previous assay. 

Therefore, it can be conclude that stimulation 

with Ligand 1 and low oxygen environment 

generation improve cells attachment. 

To verify if at higher passages huc-MSCs still 

have the same adhesion capability, several 

assays were performed at passage 13 (atp). The 

summary of the number of cells attached after 

pre-stimulation with soluble ligands at passage 

13 (atp) is shown in Figure 2. The number of 

assays performed varied: six experiments for 

20% oxygen and 20 minutes, two for 2% oxygen 

and 20 minutes, four for 20% oxygen and 40 

minutes and finally, three for 2% oxygen and 40 

minutes. 

 

Figure 2- Oxygen (20% and 2%) and time (20 and 40 
minutes) comparison of the number of adherent cells 
at passage 13 (atp) when pre-stimulated with sL1, sL2 
and untreated. The error bars represent the standard 
deviation. n represents the of assays performed. 

Figure 2 shows the same trend observed for 

adherent huc-MSCs at passage 11 (atp), and the 

same effect of the soluble Ligand 1 was obtained 

with high significance (p<0.001). Again, the pre-

stimulation with sDLL4 did not show major 

differences when compared with the control 

(UT). Though the same conditions can be drawn 

for huc-MSCs at passage 13 (atp), since the 

number of attached cells present the same 

trend, it was possible to observe that cell 

attachment was significantly lower when 

compared with passage 11 (atp).  

There was a significant effect of oxygen 

conditions. It was possible to observe in Figure 2 

that at passage 13 (atp) fewer cells attach to the 

fibronectin when low oxygen conditions were 



applied. This contradicts the data shown in 

Figure 1, where the hypoxia conditions shown 

the best adhesion results. Previous studies have 

shown that hypoxic conditions provide more 

efficient engraftment witch is also contradicted 

with the data shown in Figure 2. A possible 

explanation for this is that later passage cells 

have a diminished capability to adapt to 

different oxygen tensions, once they have been 

passaged and cultivated in normoxia conditions 

for a long time period. It is not possible to draw 

any conclusions since there were not sufficient 

assays performed to assess if the obtained data 

follows a trend or, on the other hand, if the 

deviation obtained in the results is due to 

inherent errors. 

The differences between the number of 

engrafted cells in both, 20 and 40 minutes, are 

significant. There was an increase in the number 

of cells attached when the cells are exposed to 

the treatment for 40 minutes. This increase in 

adherent huc-MSCs is an interesting result, once 

that shows that besides these cells do not 

migrate over time, they still can increase their 

number with this passing time. 

 

Source Comparison 

Finally, it was performed a comparison assay 

with respect to the source. This assay is very 

important once allows to say if different sources 

show differenced in adhesion capability. For the 

purpose of this work it is essential to know which 

source of mesenchymal stem cells show better 

results to treat ischemic heart disease. Four 

assays were performed for cells from the 

umbilical cord (huc-MSCs) and one assay was 

performed for cells from the bone marrow (BM-

MSCs). The assay for BM-MSCs was done only 

with 20% oxygen and compared with the 

previous studies for huc-MSCs at passage 11 

(atp). The BM-MSCs utilized were at passage 4 

(atp). The results are shown in Figure 3. 

 

Figure 3- Source and time comparison of the number 
of adherent cells between huc-MSCs at passage 11 
(atp) and BM-MSCs at passage 4 (atp) after pre-
stimulation with the ligands sL1, sL2 and untreated. 
The error bars represent the standard deviation. n 
represents the number of assays performed. 

From Figure 3 it is observed the large 

discrepancy between the results obtained from 

BM-MSCs and huc-MSCs. Once again, the pre-

stimulation with the soluble ligand 1 had an 

effect in the number of adherent cells (p<0.001). 

In both huc-MSCs and BM-MSCs. Although the 

same trend can be observed, the number of cells 

attached is significantly different. In this case, 

the ANOVA showed an interaction between the 

source of MSCs and the treatment with the 

soluble ligands. This could indicate that the 

same pre-stimulation can affect differently the 

cells from these two sources. In this case, it is 

possible to see that huc-MSCs presented better 

results in adhesion capability for both time 

conditions. However, to validate this results, 

more assays need to be performed for BM-

MSCs. 

Although more assays are needed, it is possible 

to say that huc-MSCs present some advantages 

compared with BM-MSCs when the engraftment 



is necessary. It has been described that BM-

MSCs present some limitation in the 

applications of cell-based therapies and 

regenerative medicine. These limitation include 

the fact that the traditional procedures are 

painful, frequently requiring general or spinal 

anesthesia and may also yield low numbers of 

MSCs upon processing.5 All these reasons make 

the umbilical cord an excellent source to obtain 

cells to treat ischemic heart disease. 

 

Migration Assay 

The migration assay was performed in the same 

passages as the attachment assay to evaluate 

the capacity of the cells to migrate to the site of 

injury when pre-stimulated with the soluble 

ligands 1 and 2. The Figure 4 shows the results 

for passage 11 (atp). Four assays have been 

done. 

 

Figure 4- Number of migrated cells (huc-MSCs) at 
passage 11 (atp) after 3 hours in the incubator, when 
pre-stimulated with sL1, sL2 and untreated. In the 
positive control, chemoattractant was added to the 
insert and serum free medium with 10% FBS was 
added to the lower chamber. In the negative control, 
only serum free medium was added in both upper and 
lower chambers. The error bars represent the 
standard deviation. n represents the number of 
assays performed. 

The Figure 4 shows a significant effect in the 

migration capability of the huc-MSCs when they 

are pre-stimulated with the soluble ligands 

(p<0.001). A Post Hoc test revealed that both 

ligands increase the migration capacity of the 

cells when compared with the control (UT). It is 

possible to conclude that both ligands have an 

attractive positive effect by stimulating the cells 

to migrate, wherein sL2 exhibit the best results 

for the migration purpose. 

When focusing in the negative control, it is 

possible to verify that the same trend was 

obtained. However, it is surprising that the 

negative control has this number of migrated 

cells, since there was no chemoattractant and 

no FBS. The chemoattractant utilized was the 

stromal derived factor (SDF-1α) that is a 

member of a large family of related chemotactic 

cytokines, called chemokines as reviewed in 

section 2. It has been demonstrated that MSCs 

express CXCR4, the receptor for SDF-1α, and 

therefore SDF-1α/CXCR4 axis has been 

implicated in the migration of MSCs in a series of 

studies.7 Therefore, it was expected that the 

number of cells in the positive control to be 

much higher than in the negative control. 

The high number of migrated cells found in the 

negative control could be because the pores of 

the inserts were too large for this type of cells. 

Due to that, the cells were more likely to fall 

through the pores generating inaccurate 

migration assay results. 

However, the statistical analysis (ANOVA) 

conducted in these results showed an 

interaction between the effect of the control 

and the effect of the treatment. That means 

that, although it is possible to see more cells in 

the negative control than expected, the 

difference between the number of migrated 

cells after pre-stimulation is significant 

(p<0.001). 



Then, it is possible to conclude that the ligand L2 

has a positive effect in the stimulation of cell 

migration. However, studies should be done 

with a reduction in the size of the pores. 

Figure 5 shows the same assays for the cells in 

higher passage (P13 atp)). Assays were 

performed at passage 13 (atp) to evaluate if huc-

MSCs lose some migration capabilities as 

verified in the attachment assays. Three assays 

were performed at this passage. 

 

 

Figure 5- Number of migrated cells (huc-MSCs) at 
passage 13 (atp) after 3 hours in incubator, when 
pre-stimulated with the soluble ligands sL1, sL2 and 
untreated. In the positive control, chemoattractant 
was added to the insert and serum free medium with 
10% FBS was added to the lower chamber. In the 
negative control only serum free medium in both 
upper and lower chamber was added. The error bars 
represent the standard deviation. n represents the 
number of assays performed. 

Once again there was a significant main effect in 

the treatment of the huc-MSCs with the soluble 

ligands in the migration capability of the cells 

(p<0.001). A Post Hoc test showed that the 

results are similar to the previous assay, where 

it is possible to see the increase in the number 

of cells migrated when pre-stimulated with both 

soluble ligands. The best results were observed 

when the pre-stimulation with the ligand 2 was 

performed. This made the pre-stimulation sL2 a 

good choice to help the migration of huc-MSCs 

to the site of injury. 

Here, no interaction was found between the 

controls. This indicate that there was no 

significant differences in both positive and 

negative control. However, it is possible to 

observe that the same trend was followed, 

which might also indicate that the stimulation is 

efficient even without a presence of a 

chemoattractant. 

 

Huc-MSCs Characterization 

The most unique biological property that 

identifies MSC is their ability to three-lineage 

mesenchymal differentiation. To ensure that 

huc-MSCs at passage 13 (atp) still show this 

unique biological property, they were tested for 

the capacity to undergo three-lineage (Figure X). 

To test the differentiation capability of these 

cells, three commercial kits were used. Control 

huc-MSCs were cultured under the same 

conditions but in normal complete medium and 

stained in parallel to the experimental wells. 

Adipogenic differentiation was characterized by 

the formation of lipid droplets inside the cells 

that are positive for Oil Red O-staining. 

Chondrogenic differentiation was evaluated 

using the pellet culture system. Cells undergoing 

chondrogenic differentiation appeared blue 

when stained with Alcian blue, due to the 

sulphated proteoglycans produced in the 

extracellular matrix during cartilage 

differentiation. 

The osteogenic differentiation was confirmed 

with Alzarin Red staining on differentiated cells, 

where the calcium deposits formed during 

osteogenic differentiation stains were done in 

red. 



Control cultures did not exhibit differentiation. 

Analyzing the Figure 6, it is possible to conclude 

that huc-MSCs at passage 13 (atp) still showed 

the three-lineage capacity characteristic of 

MSCs. 

Conclusions and Future Work 

During the last decade, mesenchymal stem cells 

have become a promising candidate for 

regenerative medicine. Paracrine cytokines and 

chemokines play pivotal roles in stem cell-

related cardiac repair mechanisms. In spite of 

these cells being recruited to the site of injury 

after being transplanted, only approximately 1% 

of these cells are found attached in the same 

location after 24 hours. If MSC truly do have 

therapeutic potential and are retained in injured 

tissue for longer, then therapeutic effects will 

likely be improved. 

With this in mind, the first aim of this thesis was 

to determine whether priming MSCs with two 

ligands that are important for endothelial cell 

function, could improve cell attachment in 

MSCs. The notch signaling pathway is regarded 

as critical for proliferation and differentiation of 

cardiac stem cells (CSCs), and ligands associated 

with this pathway were chosen for study. 

In this thesis, MSCs from the umbilical cord and 

bone marrow have been pre-stimulated with 

soluble Ligand 1 or Ligand 2 under four different 

conditions and two different passages. The four 

different conditions were based on two 

different oxygen conditions (20% and 2%) and 

two different time conditions (20 and 40 

minutes). 

For the first stage of this thesis, it is possible to 

confirm and conclude that the pre-stimulation 

with the soluble ligand 1 had a significant 

positive impact in the number of the adherent 

cells when compared with the untreated cells. 

The experiments were conducted for cells in the 

passage 11 after tripsinization (atp), and 

passage 13 (atp), and the effect of ligand 1 was 

significant in both assays. However, it was found 

that at higher passages, although significant, the 

number of cells attached was substantially 

lower. In this way, it was possible to conclude 

that the cells at lower passages present more 

capabilities for attachment, and cells at passage 

11 or lower to treat ischemic tissues should be 

used, even though passage 13 MSCs isolated 

from umbilical cords still exhibited tri-lineage 

differentiation potential. The cells pre-

stimulated with the ligand L2 had no significant 

effect in the number of attached cells when 

compared to the untreated.  

With respect to the oxygen conditions, it was 

possible to conclude that at earlier passages 

more cells adhere to the fibronectin in hypoxic 

conditions (2% oxygen). This is striking because 

when cells are delivered to patients the oxygen 

environments in physiologic tissues can range 

from 1-7% oxygen levels. However, at passage 

13 (atp) more cells adhered at ambient oxygen 

conditions. 

A B C 

Figure 6- A. Image of huc-MSCs (40x magnification) at day 14 after 
differentiation into adipocytes. Lipid droplets were detected (Oil Red 
O-staining). B. Image of huc-MSCs (10x magnification), at day 21 
after differentiate on into chondrocytes. The extracellular deposition 
of glycosaminoglycans were stained in blue (Alcian Blue staining). C. 
Image of huc-MSCs (20x magnification), at day 14 after osteogenic 
differentiation. Calcium deposits stained in red in differentiated cells 
(Alizarin Red staining). 



The time comparison does not present 

significant differences which is, also, an 

interesting result, proving that the cells do not 

migrate away with the passage of time. 

Finally, two sources of MSCs from umbilical cord 

and bone marrow were compared. This thesis 

report suggests that umbilical cord cells have a 

greater ability to attach to fibronectin than bone 

marrow-derived MSCs and are more responsive 

to priming with Ligand 1 with respect to cell 

attachment. Therefore, it is possible to conclude 

that MSCs from the umbilical cord, even when 

the passage is higher, present better results for 

adhesion purposes. 

A second set of experiments in this thesis 

focused on the capacity of cells to migrate to the 

site of injury when pre-stimulated with the same 

soluble ligands, Ligand 1 and Ligand 2. The 

assays were performed using cells from the 

same passages (passage 11 (atp) and passage 13 

(atp)) for 3 hours. However, the cells did not 

respond to ligand 1 in a way that was expected 

based on the attachment assay data. This led to 

the conclusion that the soluble ligand 1 does not 

lead to the same improvements of the cells 

migration as in the attachment assay. Instead, in 

the case of migration assay, the soluble ligand 2 

shows a significant main effect when compared 

with the untreated control MSCs. Relative to the 

different passages no significant effect have 

been noticed, so it can be concluded that higher 

passages can be used without changes in 

migration capabilities. 

Lastly, to ensure that huc-MSCs utilized in the 

functional assays (attachment and migration 

assays) still have the ability to tri-lineage, a 

characterization assay was done. Although 

specific MSC cell surface markers were not 

characterized, the results showed that these 

cells, at passage 13 (atp), retained functional 

capacity to differentiate in adipocytes, 

chondrocytes and osteocytes, confirming the 

functional attributes of cells. As future work, it 

will be necessary to assess integrin α5β1 

expression profiles pre-and post-stimulation 

and assess signal transduction pathways 

responsible for any functional change. 
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