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ABSTRACT 

 

Tube formation assay is the most widely used method as a vasculogenesis/ angiogenesis test in vitro. 

Mesenchymal stem cells (MSCs) are multipotent adult cells. The paracrine effect of MSCs on 

neovascularization is well known. In general, MSCs do not express CD34 hematopoietic surface 

marker, but according to some experts, bone marrow mesenchymal stem cells (BM-MSCs) express 

CD34 in vivo and lose their expression when they are cultured in vitro, while adipose-derived stem 

cells (ASCs) still have CD34 expression in the early passages when cultured in vitro. BM-MSCs are 

the most widely used MSC, but ASCs are also used in stem cell therapy and tissue engineering for 

angiogenesis purposes. Until now, the potential of vasculogenesis between ASCs and BM-MSCs is 

still unclear. Expression of CD34 is also unknown whether affecting the quality of tube formation. 

This study wanted to compare the potential of vasculogenesis between ASC and BM-MSCs through 

tube formation test and CD34 expression.Measurements of vasculogenesis quality showed higher tube 

length, number of loopsand mean number of branch points on BM-MSC. Both BM-MSCs and ASCs 

showed low CD34 levels.BM-MSCs showed better tube formation ability compared with ASCs. No 

association was found between CD34 levels and MSC vasculogenesis capability. 
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INTRODUCTION 

Neovascularization plays a 

significant role in healing tissue that is 

injured/damaged or ischemic. For the first 

time endothelial progenitor cell was 

identified (EPC) originating from bone 

marrow in 1997 
[1]

, many studies have 

reported that bone marrow EPC functionally 

contributes to neovascularization in several 

models of tissue damage and remodelling, 

including wound healing, myocardial 

ischemia, retinopathy, stroke and so on. In 

contrast to angiogenesis, which is a process 

of growing new blood capillaries from 

existing blood vessels 
[2]

, the process 

contributed by EPC in forming blood 

vessels de novo postnatally is called 

postnatal vasculogenesis 
[3]

. Artificial 

basement membrane matrices are 

commercially available or can be made in-

house. Although it does not contain all the 

components of the endothelial basement 

membrane wholly and entirely, this matrix 

model can activate endothelial cells to form 

tube formation in vitro 
[4]

. There are two 

types of artificial basement membranes, 

namely ordinary matrigel and GFR matrigel 

(growth factor reduced matrigel) or matrigel 

reduced by growth factor in it. GFR 

matrigel is used to observe a more rapid 
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formation of tube formation by adding an 

external angiogenic factor 
[2]

. Each cell type 

has different requirements in forming tube 

formations in the matrigel. Some need 

serum, and some do not. If serum is needed, 

an optimization test should be performed 

first because serum can trigger proliferation 

and inhibit tube formation. 

Mesenchymal stem cell (MSC) is a 

multipotent adult stem cell that is 

embryonically derived from the mesoderm, 

which can be found in various body tissues, 

including bone marrow and fat tissue and 

can differentiate into many cell types 

(multipotent) 
[4; 5]

. Its paracrine effect on 

neovascularization is well known 
[6; 7]

. 

MSCs of fatty origin and bone marrow 

origin are known to stimulate endothelial 

cells to form blood vessels in vitro and 

support endothelial cells, similar to 

pericytes 
[8]

. MSCs derived from 

lipoaspirate secrete angiogenic cytokines, 

increasing in a hypoxic state 
[9]

. In 

haemopoietic stem cells (HSC), CD34 

appears to act as an anti-adhesion molecule 

associated with HSC movement as well as a 

progression molecule for HSC interactions 

with the stromal environment 
[10]

. The 

hematopoietic stem cell population 

expressing CD34 is known to consist of 

cells that can differentiate into EPC and 

endothelial cells. It suggests the potential of 

a CD34-rich cell population as a 

vasculogenesis therapy. Various 

investigators report that administering 

human leukocytes with high CD34 levels 

can effectively improve neovascularization 

in animal models.  

MSC does not express hematopoietic 

surface markers or endothelial cell surface 

markers such as CD34. However, it is 

argued that MSCs that do not express CD34 

are MSCs cultured in vitro rather than 

tissue-resident MSCs. MSCs originating 

from bone marrow express CD34 in vivo 

and begin to lose expression once MSC 

adheres to plastics when cultured in vitro. 

Unlike the case with MSCs from the fat 

origin, which still has CD34 expression in 

vitro culture up to a particular passage. In 

2006 Mitchell et al. obtained positive CD34 

expression by MSC from lipoaspirate 

culture in a medium containing FBS (fetal 

bovine serum) ranging from P0 to P5. In 

2012, Pawitan who cultured MSC from 

lipoaspirate using the various xeno-free 

medium, obtained a mean CD34 positive, 

ranging from P0 to P5 
[11]

. In vitro culture 

modification influenced MSC so that it can 

transdifferentiate into endothelial cells in 

vitro and in vivo by expressing CD31 +. In 

2004MSCs was differentiated from bone 

marrow to endothelial cells. The results of 

flow cytometry showed a substantial 

increase in the expression of specific 

endothelial markers such as insert domain 

receptor kinase and FLT-1, and the results 

of immunofluorescent staining analysis 

showed the expression of von Willebrand 

factor. 

In research conducted by experts so 

far, MSCs from bone marrow can form tube 

formations in a matrix in a hypoxic or 

normoxic state but with certain angiogenic 

supplements. In 2003 discovered that MSCs 

from bone marrow can form tube formations 

in vitro under hypoxic conditions. Then in 

2004, Iwase et al. stated that MSC from 

mouse bone marrow was better than mouse 

bone marrow mononuclear cells in the 

formation of tube formation in matrigel with 

hypoxic conditions. The results of human 

umbilical vein endothelial cells (HUVEC) 

tube formation test results and MSC was 

compared to bone marrow implanted on 

matrigel in four types of medium, namely 

without serum, added with vascular 

endothelial growth factor (VEGF), added 

hypoxia-regulated factor erythropoietin 

(EPO) and added serum, all of which were 

normoxic. The tube formation formed best 

on medium with serum. In 2013, tube 

formation was tested from MSC from bone 

marrow in normoxic conditions using a kit 

containing growth factors such as TGF-β, 

fibroblast growth factor (FGF) and 

proteolytic enzymes such as plasminogen, 

tissue plasminogen activator (tPA), and 

matrix metalloproteinase. MMP in medium 

without serum in research on oxytocin can 
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restore the angiogenic ability of MSCs 

originating from bone marrow in DM-model 

mice in vitro 
[12]

. 

So far, the MSCs most widely used 

in test tube formation are bone marrow-

derived MSCs 
[24; 33; 31; 32]

, whereas apart 

from the bone marrow, MSCs have been 

found in many body tissues. Fat tissue is an 

abundant source of stem cells and is 

particularly suitable for tissue engineering 

and regenerative medical applications 
[13]

. 

This tissue can be obtained by tissue 

excision methods, such as a tummy tuck or 

liposuction techniques. The low morbidity 

rate of both tummy tuck and liposuction 

today and the large number of cells obtained 

make human fat a potential source for stem 

cell therapy and engineering. In addition, 

MSCs from fat tissue can also be stored in 

tissue banks, thus opening up opportunities 

for everyone to have stem cell savings that 

can be used in the future. 

In 2008 Fischer et al. stated that 

MSCs originating from fat tissue could not 

form tube formation in matrigel directly 

without being differentiated into endothelial 

cells by incubating in a medium 

supplemented with endothelial cell growth 

supplement (ECGS) 
[14]

. A vasculogenesis 

study using MSC from lipoaspirate was 

carried out again in 2013 by Perez et al., 

who wanted to compare vasculogenesis 

between MSCs from lipoaspirate in obese 

patients with healthy ones in mice and 

humans by conducting tube formation tests 
[15]

. In this study, MSC from lipoaspirate 

was found to form tube formations in 

matrigel in a normoxic state, which is 

different from the results obtained by 

Fischer. We have conducted preliminary 

research (optimization) by implanting MSCs 

from bone marrow and lipoaspirate origin in 

the matrigel with various dilutions and using 

different cell densities. From the results of 

these preliminary studies, it was found that 

MSC from bone marrow and lipoaspirate 

origin can form tube formation in matrigel 

in a normoxic state with medium with. 

Tube formation test results can 

represent the ability of in vitro 

vasculogenesis. To date, the potential for 

vasculogenesis between MSCs of bone 

marrow origin and lipoaspirate is unclear 

which one is better and whether CD34 

expression influences this. This study 

wanted to compare the potential of 

vasculogenesis between MSC from 

lipoaspirate and MSC from bone marrow 

through tube formation tests and CD34 

expression. Based on this background, the 

formulation of the problem to be answered 

in this study is "Which has the better ability 

to form tube formation between 

mesenchymal stem cells from lipoaspirate 

and bone marrow origin? With the aim of 

research to determine the in vitro ability of 

mesenchymal stem cell tube formation from 

lipoaspirate and bone marrow. 

 

LITERATURE REVIEW 

Vasculogenesis - Blood vessels play 

an important role in delivering oxygen and 

nutrients to body tissues and attracting 

metabolic waste from body tissues. 

Vasculogenesis and angiogenesis are the 

fundamental processes by which blood 

vessels form. Vasculogenesis is a process of 

differentiation of angioblasts into 

endothelial cells and de novo forming blood 

vessels, while angiogenesis is a process of 

remodelling the growth of new blood 

vessels originating from existing endothelial 

cells 
[3; 4]

. In the embryo, blood vessel 

formation occurs actively through 

vasculogenesis and angiogenesis. In the 

postnatal period, typically, new blood vessel 

formation is found only in certain 

physiological conditions, for example, in the 

ovarian cycle, in the placenta during 

pregnancy or during wound healing, in a 

state of tissue hypoxia/ischemia and tumour 

formation. 

The invasion and motility of 

endothelial cells in forming the tubular 

structure of blood vessels and the formation 

of the lumen in different areas in the 

formation of blood vessels run 

simultaneously at the same time so that it 

can be said that the morphogenesis of blood 

vessels is a very dynamic process. Each 
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endothelial cell that combines itself to form 

blood vessels individually will produce 

many vacuoles through the process of 

pinocytosis. Some of these vacuoles will 

then unite to form lumen spaces connected 

to other lumens formed in adjacent cells 
[16; 

17]
. The process of vasculogenesis is 

mediated via the VEGF / VEGFR signal 

pathway. After the blood vessels are 

formed, the endothelial cells secrete 

platelet-derived growth factor (PDGF), 

which activates the surrounding MSCs to 

release angiopoietin 1 (ANG1). The release 

of ANG1 stimulates the mural cells to cover 

the blood vessels and then deposits the basal 

membrane via the ANG1 / TIE2 system 

pathway (endothelial cell tyrosine kinase 

receptor). The interaction of endothelial 

cells and MSC causes transforming growth 

factor β (TGFβ) to be activated, which 

causes mural cells to differentiate and at the 

same time stops the proliferation of 

endothelial cells. Finally, the blood vessels 

are covered by perivascular cells, and the 

vasculogenesis process is completed 
[18]

. 

There are several things that affect 

vasculogenesis such as: a) endothelial 

progenitor cells (precursor) cells (epc); b) 

Extra Cellular Matrix (ECM) 
[19; 20; 21]

; c) 

Vascular Endothelial Growth Factor 

(VEGF) 
[22]

; d) Matrix metalloproteinase 

(MMP). MT1-MMP in the form of an active 

enzyme on the cell surface directly acts 

against different ECM proteins and can 

activate pro-MMP on the cell surface, 

localizing activity in the pericellular area. 

MMP can cleave proteins that bind to 

growth factor or latent growth factors and 

regulate their synthesis by releasing them 

from within cells; e) Desmoplakin. 

Stem Cells - Stem cells have self-

renewing characteristics and can 

differentiate into other, more mature cells in 

multi-line pathways. It allows the stem cells 

to maintain tissue development and 

maintenance 
[23]

. Globally, these cells are 

divided into two types, namely embryonal 

and non-embryonal stem cells. Embryonic 

stem cells originate from the inner cell mass 

of the blastocyst and can differentiate in cell 

groups in the three embryonic germ layer 

pathways or are called pluripotent. 

Meanwhile, non-embryonal stem cells, 

mostly adult stem cells, have limited 

differentiation potential only into cells in a 

few more specific lines or lines when 

replacing damaged cells in maintaining 

tissue integrity and cellular homeostasis 
[24]

. 

Apart from the two types of stem cells 

available naturally above, there is another 

type of stem cell called induced pluripotent 

stem cell (iPSC). These cells are derived 

from somatic cells that are "programmed" to 

return to their stem cell-like state through 

certain transcription factors. Several 

problems still hamper the development of 

treatment research using embryonal stem 

cells and iPSCs, such as ethics for 

embryonal stem cells at risk of 

tumorigenesis 
[25; 26]

 and immunological 

rejection reactions for both types of stem 

cells 
[27]

. 

Adult stem cells are undifferentiated 

cells found among differentiated cells in the 

body's tissues or organs. Adult stem cells or 

somatic stem cells can be found in all 

human body tissues. Adult stem cells 

consist of mesenchymal stem cells (MSC), 

which produce several tissue-forming cells 

and hematopoietic stem cells (HSC), which 

produce blood cells. Ideally, stem cells used 

for regenerative medicine applications 

should meet the following criteria, namely: 

can be found in abundance (millions to 

billions of cells) and can be harvested by 

minimally invasive procedures, can be 

differentiated into cells along multi-line 

pathways regularly. It is reproducible and 

can be safely and effectively transplanted to 

the host tautologically or allogeneically and 

produced according to Good Manufacturing 

Practice (GMP) guidelines. 

Mesenchymal Stem Cell (MSC) - 

Mesenchymal stem cell (MSC) is a non-

haemapoietic stem cell with multipotent 

properties that can differentiate into cells in 

the mesodermal line 
[28]

. The therapeutic 

potential is quite significant from MSC 

increased the interest of researchers from 

various biomedical disciplines. However, 
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investigators report MSC studies using 

different isolation and culture methods and 

different cell characterization approaches. 

Bone Marrow Mesenchymal Stem Cell 

(BM-MSC) - The first adult MSC 

discovered more than 40 years ago was 

bone marrow mesenchymal stem cell (BM-

MSC) and is still the most prevalent MSC. 

is studied and is often regarded as the type 

of gold standard (gold standard) of MSC 
[29]

. 

Bone marrow is considered to be the 

primary source of MSC in organisms. MSC 

is obtained from bone marrow aspiration by 

surgery, which can cause pain and infection 
[30]

. MSCs from Adipose-derived Stem Cell 

(ASC) - There are many different names 

given to the cell population isolated from 

this adipose tissue. These names are 

Adipose-derived Stem / Stromal Cell 

(ASC), Adipose-Derived Adult Stem 

(ADAS) Cells, Adipose-Derived Adult 

Stromal Cells, Adipose-Derived Stromal 

Cells (ADSC), Adipose Stromal Cells 

(ASC), Adipose Mesenchymal Stem Cells 

(MSC), Lipoblasts, Pre-Adipocytes. These 

different nomenclatures create confusion in 

the literature. To solve this problem, the 

International Fat Applied Technology 

Society (IFATS) made a consensus to use 

the term Adipose-derived Stem Cell (ASC) 

to identify cell populations isolated from 

adipose tissue attached to plastic and are 

multipotent 
[31]

. 

Effect of MSC on Vasculogenesis - 

MSC can increase endothelial cell growth 

and increase the formation of new blood 

vessels in vitro and in vivo due to the 

paracrine effect 
[32; 33]

. MSCs can produce 

various angiogenic factors, including VEGF 

and bFGF 
[34]

. Transplantation of MSC was 

stated to be more effective in inducing 

angiogenesis compared to MNC because the 

release of angiogenic factors, namely VEGF 

and bFGF by MSC, was more than by 

MNC. MSCs not only can produce 

angiogenic factors but can also differentiate 

into vascular endothelial cells. In an 

undifferentiated state, MSCs do not express 

the surface markers of hematopoietic cells 

or endothelial cells such as CD11, CD14, 

CD31, CD34, or CD45, but according to 

some experts changing the culture, 

conditions may allow these cells to 

differentiate into endothelial cells. It 

suggests the potential for MSC 

differentiation in neovascularization 
[3; 23]

. 

Studies show that MSCs are capable of 

differentiating into CD31 + endothelial cells 

in vivo 
[28; 29]

. Direct involvement of MSCs 

in neovascularization is possible because 

their contribution to tumour angiogenesis in 

vivo has been investigated 
[35]

 MSC 

responses to tumour angiogenic factors 

impact tumour cell growth. There is a 

selective interaction of MSCs against 

epithelial tumour cells and on the growth 

and survival of myeloma plasma cells, but 

MSCs participate in migration, proliferation 

if under normal conditions, and capillary 

formation by differentiating into internal or 

external blood vessels the bone marrow 

environment is still being studied. 

 

RESEARCH METHOD  

This study was an in vitro 

experimental study using two types of cells, 

namely MSC from bone and MSC from 

lipoaspirate. The research was conducted at 

the UPT Stem Cells RSCM-FKUI. This 

research was conducted for 16 months, from 

August 2016 - October 2017. The samples 

of this study were mesenchymal stem cells 

from bone marrow isolated by the simple 

method by Pawitan et al. 
[36]

 and 

mesenchymal stem cells from fat tissue 

isolated by the simple method belonging to 

the RSCM-FKUI UPT Stem Cell 

Laboratory 
[37]

. All cells were cryopreserved 

in the first phase using the xeno-free 

cryopreservation method. The Research 

Ethics Committee approved the Faculty of 

Medicine study design, University of 

Indonesia (No.703 / UN2.FI / ETIK / IX / 

2016). All data and research results are kept 

confidential. In this study, a Tube Formation 

Test and an Inspection of the Tube 

Formation Results will be carried out. The 

data obtained from this study were analyzed 

using Statistical Product and Service 

Solution (SPSS) version 17.0. To analyze 
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the comparison of the mean tube length, the 

mean number of branching points and the 

mean number of loops produced by 

mesenchymal stem cells from lipoaspirate 

and bone marrow origin, the Student t-test 

was used. To see the relationship between 

CD34 levels and each tube formation 

parameter calculated from passages 3, 5 and 

7, Pearson's correlation test was used. 

 

RESULT AND DISCUSSION 

This section displays an overview of 

BM-MSC and ASC cultures, test results for 

tube formation and cell characteristics of 

CD34 obtained during the study. The results 

of this data were analyzed to meet the 

objectives and answer the research 

hypothesis. In this study, the data obtained 

were in the form of a histological picture of 

the morphological morphology of BM-MSC 

and ASC cultures. After the tube formation 

test was carried out, the data obtained were 

in the form of the total length of the tubes 

formed, the number of branching points 

formed and the number of loops formed in 

one field of view of the 40x magnification 

inversion microscope produced by BM-

MSC and ASC. The morphology of BM-

MSC and ASC Pasase 2 - BM-MSC and 

ASC used in this study have undergone a 

cryopreservation process at a temperature of 

-180oC during passage one at the Stem Cell 

Unit RSCM-FKUI. After thawing and 

replanting, the cells are still in good 

condition. 

 

 
Figure 1. Picture of MSC morphology in passage two culture. (A) BM-MSC culture after two days 6. (B) Passage ASC culture 2. 40x 

enlargement 

 

Morphology of BM-MSC and ASC 

Passage 3 - After passage 3, cells began to 

be used for this study. In Figure 19, the 

passage three culture, which will be used for 

the first time for the tube formation test, still 

shows a homogeneous picture of 

fibroblastic cell morphology. 

 

 
Figure 2.Passage 3 MSC morphological images (A) Passage 3 BM-MSC culture. (B) Passage 3 ASC culture. 40x enlargement 
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The morphology of BM-MSC and 

ASC Pasase 7 - Morphology of BM-MSC 

and ASC is still maintained following the 

optimal culture conditions until passage 7, 

which is used for the final tube formation 

test as shown in Figure 20. 
 

 
Figure 3. MSC culture (A) BM-MSC culture passages 7. (B) ASC culture passages 7. 40x enlargement 

 

Tube Formation formed on the 

Matrigel Description - The cells are placed 

on the matrigel, and the well plate is put into 

a CO2 incubator. Then observations are 

made after 3.5 hours, 6 hours and 8 hours 

later. Tubes of BM-MSC formed well after 

6 hours or 8 hours, whereas ASC were seen 

to form well after 3.5 hours.  
 

 
Picture 4. Picture of BM-MSC and ASC tube formation on a matrigel with 40x magnification. (A) The optimal BM-MSC tube 

formation test results from passage three culture. (B) The optimal ASC tube formation test results from passage four culture. It can 

be seen that both tubes come out of a collection of cells clustered to form a net—40x magnification. 
 

The tube formations formed by BM-

MSC looked rougher than those formed by 

ASC. There are still many areas of the tube 

covered by cells that have migrated, but it 

seems that they are not yet wholly 

differentiated to form tubules in the BM-

MSC tube formation. 

 

 
Figure 5. Picture of tube formation BM-MSC and ASC with a magnification of 100x. (A) The results of the BM-MSC passage three 

tube formation test. (B) The optimal ASC tube formation test results from the passage four culture 

A 



Ani Oranda Panjaitan et.al. Comparison of in vitro vasculogenesis potential between ASCs with BM-MSCs. 

                                International Journal of Health Sciences and Research (www.ijhsr.org)  369 

Vol.11; Issue: 5; May 2021 

Results of Tube Formation Analysis 

Using the Image Raster 3 Application - 

Tube formations formed by BM-MSC and 

ASC are measured one by one in length 

manually using the image raster three 

applications. The lines formed are measured 

in micrometres, then using the excel 

application, the total length of the tube is 

calculated, in one field of view, a 40x 

magnification microscope. 

 

 
Figure 6. Image of the long analysis result of tube formation using (A) BM-MSC and (B) ASC. 40x magnification 

 

Number of Loops (Circles) - All 

loops formed on tube formation from BM-

MSC and ASC are manually marked one by 

one and then labelled with a serial number 

using the image raster three applications.  

 

 
Figure 7. Figure analysis results of the number of loops from the tube formation using(A) BM-MSC and (B) ASC. 40x magnification 

 

Branching Points - All tube 

formation junction points from BM-MSC 

and ASC are marked one by one, then 

recorded and accumulated automatically 

using the image raster three applications.  

 

 
Figure 8. Image of the analysis result of tube formation branching point using BM-MSC (top) and ASC (bottom). 40x magnification 
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Flow cytometry examination CD34 

ASC and BM-MSC levels - The results of 

checking the CD34 levels of each type of 

MSC in each passage were obtained from 

flow cytometric examinations. The CD34 

levels of ASC passages 3, 4, 5 and 7 were 

0.03%, 0.02% respectively, 0.1% and 0.1%. 

CD34 levels of BM-MSC passages 3, 4, 5 

and 7 were 0.07%, 0.02%, 0.02%, 0.1%, 

respectively. 

 

 
Figure 9. Figure analysis of flow cytometry of CD34 expression on (A) ASC and (B) BM-MSC 

 

The statistical analysis of the BM-

MSC and ASC Tube Formation Test with 

microscopic tube length measurements - 

The calculation of tube length from 5 wells 

using image raster three then calculated the 

mean value and analyzed according to the 

distribution value. Data on the mean length 

of BM-MSC and ASC tubes in passage 

three and passage five are typically 

distributed (p> 0.05) to use independent t-

test analysis. Data on the mean tube length 

in passage four and passage seven were not 

normally distributed (p <0.05), so that the 

Mann Whitney U test analysis was used. 

The independent t-test analysis results 

showed a significant difference between the 

mean length of ASC and BM-MSC tubes in 

passage three and passage 5, where the 

mean length of BM-MSC tubes was longer 

than that of ASC. The Mann Whitney U test 

analysis results showed a significant 

difference between the mean length of ASC 

tubes and BM-MSC in passage 7, where the 

mean length of BM-MSC tubes was longer 

than the ASC. There was no significant 

difference between the mean length of ASC 

tubes and BM-MSC in passage 4. 

 

Table 1. Descriptive data of mean tube length 

 Cell Type N Mean Std. Deviation Std. Error Mean 

P3 ASC 5 18752.7780 2926.73724 1308.87668 

BM-MSC 5 104351.9700 61371.85928 27446.32985 

P4 ASC 4 65079.5100 9180.07059 4590.03529 

BM-MSC 5 62661.2300 5690.78095 2544.99461 

P5 ASC 4 13694.1675 802.59814 401.29907 

BM-MSC 5 32504.3420 3793.63240 1696.56398 

P7 ASC 5 11960.6860 3290.84861 1471.71224 

BM-MSC 5 30149.4820 7948.70276 3554.76794 
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Figure 10. Graph of comparison of tube lengths from ASC and BM-MSC test tube formation results from various passages. There is 

a significant difference between the mean tube lengths in passages 3, 5 and 7, while in passage four, the comparison is not 

significant. 

 

Microscopic Calculation of the 

Number of Loops - The result of calculating 

the number of loops from the tube in 5 wells 

using the image raster three then calculates 

the mean value and analyzes it according to 

the distribution value. Data on the average 

number of loops of BM-MSC and ASC in 

passages 3, 4. 5 and 7 were usually 

distributed (p> 0.05), so independent t-test 

analysis was used. The analysis results with 

the independent t-test showed a significant 

difference between the mean number of 

ASC loops and BM-MSC only in passage 3, 

where the average number of BM-MSC 

loops was greater than that of ASC. There is 

no significant difference between the mean 

number of ASC loops and BM-MSC in 

passages 4, 5 and 7. 

 

 
Figure 11. Comparison of the number of loops from the test results of ASC tube formation with BM-MSC from various passages 

 

Table 2. Descriptive data of the number of loops 

 Cell Type N Mean Std. 

Deviation 

Std. Error 

Mean 

P3 ASC 5 4.8000 3.34664 1.49666 

BM-MSC 5 87.6000 50.16772 22.43569 

P4 ASC 4 113.5000 27.16002 13.58001 

BM-MSC 5 115.0000 17.64936 7.89303 

P5 ASC 4 5.5000 3.10913 1.55456 

BM-MSC 5 15.6000 9.98999 4.46766 

P7 ASC 5 2.6000 3.43511 1.53623 

BM-MSC 5 25.6000 23.94368 10.70794 

 

Microscopic calculation of the 

number of branching points - The result of 

calculating the number of branching points 

from 5 wells using the image raster three 

then calculates the mean value and analyzes 

it according to the distribution value. The 

mean data of BM-MSC and ASC points at 

passages 3,4,5, and 7 were normally 

distributed (p> 0.05), so independent t-test 

analysis was used. The results of the 

analysis using the independent t-test show 

that there is a significant difference between 
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the mean number of ASC and BM-MSC 

branching points in passages 3, 5 and 7, 

where the average number of BM-MSC 

branching points is higher than the ASC. 

There is no significant difference between 

the mean number of ASC and BM-MSC 

branching points in passage 4. 

 

 
Figure 12. Comparison of the number of branching points from the ASC tube formation test results with BM-MSC from various 

passages 

 

Table 3. Descriptive data of the number of branching points 

 Cell Type N Mean Std. 

Deviation 

Std. Error 

Mean 

P3 ASC 5 29.2000 9.06642 4.05463 

BM-MSC 5 135.8000 73.93037 33.06267 

P4 ASC 4 198.0000 57.63679 28.81840 

BM-MSC 5 182.4000 17.15517 7.67203 

P5 ASC 4 28.0000 7.70281 3.85141 

BM-MSC 5 52.6000 3.84708 1.72047 

P7 ASC 5 20.0000 12.74755 5.70088 

BM-MSC 5 60.8000 25.05394 11.20446 

 

Looking for the Relationship 

between CD34 Levels and Tube Length, 

Number of Loops and Number of Branching 

Points - After a statistical test was carried 

out, it was found that there was no 

relationship between CD34 levels and tube 

lengths from ASC and BM-MSC because 

the p value> 0.05 was 0.191 and 0.636.0, 

respectively. There was no relationship 

between CD34 levels and the number of 

loops from ASC and BM-MSC because the 

p value> 0.05 was 0.310 and 0.737, 

respectively. There is no relationship 

between CD34 levels and the number of 

branching points from ASC and BM-MSC 

because the p value> 0.05 is 0.285 and 

0.605, respectively 

 

 
Figure 13. Graph of comparison of ASC CD34 levels with BM-MSC 
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Microscopic Observation of BM-

MSC and ASC Cultures - There are three 

types of population in human MSC cultures. 

The first, called rapidly self-renewing cells 

(RS), was the most pluripotent population 

and expressed the best or pure surface 

markers for MSC (CD105, CD90 and 

CD73). The second type, called spindle-

shaped cells (SS), is a viable population of 

MSC cells with only a small percentage of 

specific surface markers for MSC are 

missing. SS type is also said to be the type 

that has the most significant potential to 

differentiate into cartilage. The last type is 

called flattened cuboidal cells (FC), which 

are the most mature type of MSC with 

specific surface markers for MSCs mainly 

being lost, especially significant CD73. RS-

type cells are triangular or star-shaped with 

a prominent membrane section, SS-type 

cells are elongated fibroblastic or spindle-

like, and FC-type cells are large and 

flattened with a prominent nucleus 
[38]

. At a 

glance, it appears that the dominant cell 

population type in the culture of the two 

MSC types from passage 3 to passage 7 is 

SS type. 

Description of the Tube Formation 

formed on Matrigel - The number of cells 

plated in each well significantly affects the 

test results. If the number of cells is 

minimal, it will fail to form the expected 

network, whereas most cells will cause the 

formation of prominent cell groups or a 

monolayer cell morphology so that the test 

results are invalid 
[39]

. Manual cell count 

using a hematocytometer and trypan blue 

stain as in this study requires a good and 

consistent concentration in determining cell 

viability. Manual cell counting at 

concentration settings is subjective and 

varies from individual to individual. 

If cell counting is vital and 

influential in a study, an image-based cell 

counter with an automatic focus feature can 

be used, which is more accurate and 

eliminates the subjectivity of the calculation 

results. It allows for better consistency of 

counting between samples 
[40]

. 

The rate at which individual cells 

migrate varies depending on the culture 

conditions (ECM type and presence of 

growth factors), around 10-50µm / hr. The 

individual endothelial cell motility is 

referred to as a persistent random walk. In a 

brief period, the cell moves along a straight 

line. Over a more extended period, the 

movements become random/diffusive. 

VEGF induces cell motility and chemotactic 

response in culture. Cell movement is 

guided by ECM, VEGF signalling and cell-

to-cell contact 
[41]

. 

In this study, tube formation began 

optimally after the cells were incubated on 

the matrigel for about 3.5 hours for ASC 

and 6 hours for BM-MSC, and after one 

day, the tubes were damaged. In 2012 tube 

formation on BM-MSC was tested, which 

had been differentiated into endothelial-like 

cells using endothelial growth medium-2 

(EGM-2) differentiation medium for ten 

days and then for one day of culture 

followed by shear force culture using the 

XYZ machine 3D shaker with a rotational 

speed of 20 rpm. These cells are called pre-

differentiated MSCs, which are believed to 

have changed their phenotypes into 

endothelial cell-like cells. The pre-

differentiated tube formation ability of MSC 

is then compared to the naïve BM-MSC or 

simply called MSC. After the tests were 

carried out, it appeared that the MSCs 

formed the tube formation in a much shorter 

time than the pre-differentiated MSCs. The 

pre-differentiated MSC did not appear to 

form the tubes 20 hours after the MSC 

formed the tubes. However, within 24 

hours, the tube from MSC seemed to have 

started to degrade, while the tube from the 

pre-differentiated MSC persisted and was 

getting thicker and formed a more complex 

network that lasted seven days 
[42]

.  

The entire tube formation test 

usually has to be completed within 24 hours 

as there can be disruption of the tubular 

structure caused by cell death. Cell 

migration and adhesion between cells occur 

during tubule formation, but after 24 hours 

of apoptosis, the cells will take a role in line 
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with that many tubular networks are severed 
[43]

. From the results of tube formation tests 

on specially treated MSCs such as in the 

research of Fischer et al. 
[14]

, Vishnubalaji et 

al. was carried out, whereas, in this study, 

the newly harvested MSCs after being 

cultured in a complete medium with a 

concentration of 60,000 cells per well from 

96-well plates can directly differentiate into 

endothelial cell-like cells capable of 

forming blood capillary-like structures in 

vitro in a normoxic state after being 

transferred to in a medium containing 2% 

PRP and placed on the GFR matrigel. 

PRP as xeno-free serum affects the 

occurrence of tube formation. In vitro 

studies show that PRP contains various 

growth factors that can induce endothelial 

cells to be activated and proliferate and 

form tube formation. In vivo PRP, released 

continuously, can increase the perfusion of 

ischemic tissue, blood capillary density, 

mature blood vessel density and increase 

CD34 + cells in ischemic areas of transgenic 

mice. Platelets (platelets) in PRP can 

modulate angiogenesis by releasing VEGF, 

bFGF, epidermal growth factor (EGF), 

PDGF and MMP. MSC itself can secrete 

pro-angiogenic cytokines. Dmitrieva et al. 

in 2012 examined the profile of cytokines 

secreted by BM-MSC and ASC and found 

that BM-MSC secreted significantly more 

VEGF than ASC 
[44]

. 

Flow cytometry examination of 

CD34 ASC and BM-MSC levels - In a study 

conducted by Iroda et al., it was seen that 

the cryopreservation process could reduce 

CD34 levels, although it was not 

statistically significant 
[45]

. ASC and BM-

MSC used in this study are those that have 

undergone a cryopreservation process. After 

planting and subculture, the results are used. 

The flow cytometry results of the two types 

of MSC were not statistically significant. 

Namely, the results were very low or below 

2%. The exact role of CD34 for 

hematopoietic cells is not clear. In general, 

most researchers found that CD34 acts as an 

anti-cell adhesion and a role in the cell 

adhesion process. In mature hematopoietic 

cells or blood vessel endothelial cells, CD34 

inhibits cell interactions and prevents 

unwanted adhesions by blocking adhesion 

molecular bonds nearby through 

extracellular domains that are negatively 

charged. In the hematopoietic progenitor 

cells, it is thought that CD34 provides a 

means for cells to leave the micro-

environment in the bone marrow and 

migrate to a new environment for 

maturation or in other more extreme 

situations, such as during embryogenesis, 

CD34 helps cells enter peripheral blood and 

form new tissue 
[46]

. Drew et al. found that 

CD34 played a role in preventing homotypic 

aggregation on mast cells compared with 

mast cells that inhibited CD34 expression. 

Various other studies have concluded the 

role of CD34 in leukocyte adhesion in high 

endothelial venule (HEV). Leucocytes 

express L-selectin, which will bind to 

specific glycoforms of CD34 and MEP21 

(Myb-Ets transformed progenitors-21) 

expressed by HEV. HEV is a specialized 

post-capillary venule that occurs in 

secondary lymphoid organs and areas of 

chronic inflammation. The process of 

sticking and rolling (rolling) of the 

leukocytes (which are selectin dependent on 

endothelial cells) indicates the start of 

extravasation of the leucocytes from the 

blood to the secondary lymphoid tissue. It 

relies on the CD34 and MEP21 

glycosylation processes found only in HEV 

and not found in most other vascular cells 

and hematopoietic stem cells. 

In this study, there was no 

relationship between CD34 and the ability 

of ASC and BM-MSC vasculogenesis. The 

CD34 level obtained from the ASC was also 

not higher than the ISCT standard. It is not 

consistent with previous investigators who 

found sufficiently high CD34 levels in ASC 

since early passage 
[26; 27; 47]

. Various things 

can influence this difference, for example, 

differences in the origin of the sample, 

culture method, culture medium and others. 

The ASC and BM-MSC used in this study 

did not come from the same patient. 
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Results of statistical analysis of BM-

MSC and ASC Tube Formation Test - The 

average tube length, number of loops and 

number of branching points in this study 

were only partially statistically significant, 

but of all the significant differences, the 

more excellent value was BM-MSC. From 

the three parameters measured in the tube 

formation test, it was found that the best 

tube formation ability for the second MSC 

was at P4 then decreased at P5 and P7. The 

cryopreservation process of MSC can affect 

the results of tube formation, so that it 

seems that the ability of the P4 tube 

formation is better than that of the P3. In the 

study of Marquez-Curtis et al., It was found 

that the quality of tube formation was 

significantly lower in post-cryopreservation 

cells 
[48]

. 

In vivo, human ASC was better at 

recovering rat hind leg ischemia than BM-

MSC, which was applied by injecting each 

type of MSC intramuscularly to three 

different points (in the gastrocnemius, 

gracilis and quadriceps muscles) in the 

ischemic leg in the study. Kim et al. Apart 

from differentiating into endothelial cells, 

MSCs are also said to produce secretions 

that stimulate endogenous EPC. The 

angiogenic factors produced by ASC and 

BM-MSC include those such as VEGF and 

bFGF.     

In carrying out this research, the 

researcher realized that there were 

limitations, one of which was that the ASC 

and BM-MSC samples did not come from 

the same source and had undergone a 

cryopreservation process. Another limitation 

is when removing the wall plate from the 

CO2 incubator and shooting the well using a 

microscope and computer applications that 

must be adjusted beforehand until getting 

the best image, which takes more than 1 

hour due to many wells. It turns out that the 

observation of tube formation under a 

microscope should not exceed 1 hour due to 

room temperature, which can affect tube 

formation. 

ASC rats/mice were reported to 

secrete higher VEGF and HGF secretions 

than the BM-MSC mice/mice 
[49]

, whereas, 

in human MSC studies, it was reported that 

ASC VEGF mRNA levels were in balance 

with BM-MSC. Other researchers found 

different things, such as in a study 

conducted by Wen et al. It was stated that 

levels of angiogenic cytokines such as 

VEGF-A. VEGF-C, HGF, bFGF, NGF, 

angiotensin (ANG), TGF-β, IL-6, IL-8, IL-

1α, IL-1β and cyclooxygenase-2 (Cox-2) 

produced by several types of MSC including 

ASC and BM-MSC showed that overall, 

most of the pro-angiogenic cytokines 

produced by BM-MSC were higher than 

that of ASC. 

The relationship between cells, 

ECM, growth factors and their receptors, 

proteases and intracellular signalling 

pathways when blood vessel formation is 

tightly regulated by dynamic macro and 

micro environmental factors. Therefore, 

differences in laboratories and equipment, 

culture methods may affect the results of the 

study. For further research, it is necessary to 

research the effects of paracrine ASC on 

endothelial cells or EPC, which can be 

investigated by coculture of the two types of 

cells using xeno-free medium or by 

administering conditioned medium ASC to 

endothelial cell culture / EPC. 

 

CONCLUSION 

From the results of this study, the 

mean length of the BM-MSC tube is longer 

than ASC, the mean of BM-MSC branching 

points is more than ASC, and the average 

number of BM-MSC loops is higher than 

ASC. Neither CD34 BM-MSC nor ASC 

expression reached a value of> 2%, and 

there was no significant difference between 

the two. The ability of ASC tube formation 

is better than BM-MSC has not been 

proven. Therefore, it is necessary to 

examine further the MSCs that have been 

incubated on the matrigel by examining the 

presence of von Willebrand factor and the 

ability of cells to absorb acetylated low-

density lipoprotein (LDL) to determine 

whether MSCs have completely 

transdifferentiated into endothelial cells. It 
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is necessary to study the effect of MSCs that 

are cultured with endothelial cells or EPC 

on the effect of conditioned medium MSC 

on EPC, and further research is needed to 

confirm the comparison of the 

vasculogenesis ability of mesenchymal stem 

cells from fat tissue with bone marrow 

origin in vivo such as with the matrigel plug 

angiogenesis assay in experimental animals. 
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