
   

smooth muscle layer of vascular grafts and that demonstrated they are a critical 

component in generating vascular grafts. They also displayed contractility in vitro 

and supported the formation of the vascular structure in the Matrigel plug assay 

in vivo [5]. Although there are surgical mainstays for peripheral vascular diseases 

such as synthetic grafts made of polytetrafluoroethylene (Dacron) or Teflon or 

autologous grafts from mammary blood vessels, these synthetic grafts are not 

compatible and can cause thrombosis and intimal hyperplasia. Consequently, 

instead of using such synthetic grafts, tissue engineering approaches like culturing 

SMCs on synthetic materials or natural material such as fibrin or silk to generate 

tubular conduits can fulfill this clinical need. However, one important factor that 

affects the success of these vascular grafts and their efficiency is the source of 

SMCs and the donor age [6].  

 

In general, differentiation of MSCs in vitro is affected by many external factors 

and the culture conditions that should be controlled to direct the fate and the 

function of the resulted cells in clinical situations [7]. Some of these factors are 

the cell source, donor age, density of used cells, passage number, plastic surface 

quality, supplementary factors, oxygen concentration, and mechano-/electro-

stimuli [8]. Geometric shape cues also affect the fate of MSCs by controlling the 

mechanochemical signals and paracrine/autocrine factors. When cells are 

exposed to a mixture of lineage cues, geometric shapes that enhance the 

contractility result in osteogenesis because these shapes increase the myosin that 

enhances the osteogenesis pathways. On the other side, geometric shapes that 

promote low contractility direct cells into adipocyte lineage. It was proved that 



   

cells differentiate in response to shape cues in a way consistent with the native 

geometry of the cell lineage. For example, rounded cells with low stress enhance 

differentiation towards fat cells, and contractile pointed cells promote 

differentiation towards bone cells [9]. An example of the differences depending 

on the origin of the cells is that adipose and bone marrow-derived mesenchymal 

stem cells show differences in their immunophenotype, differentiation potential, 

immunomodulatory, transcriptome, proteome, and gene marker expression [10]. 

For example, adipose tissue-derived mesenchymal stem cells (Ad-MSCs) have 

higher expression of CD49d and lower expression of Stro-1 compared to bone 

marrow mesenchymal stem cells (BM-MSCs). In general, Ad-MSCs have higher 

proliferation, adipogenic capacity, more lipid vesicle formation, and higher 

expression of adipogenesis-related genes [11]. Ad-MSCs are also easier to be 

isolated, safer and give larger amounts compared to BM-MSCs. On the other 

hand, BM-MSCs have higher osteogenic and chondrogenic capacity compared to 

Ad-MSCs [10]. Consequently, BM-MSCs have higher calcium deposition and higher 

expression of osteogenesis and chondrogenesis-related genes [11]. Most 

importantly, despite the minor differences between these MSC populations, they 

both work effectively in clinical applications [10]. All these differences should be 

takes into consideration when using MSCs to generate other cell lineages to have 

the targeted function with the highest efficiency. 

 

In this study, fluorescence-activated cell sorting (FACS) was used to sort 

heterogeneous mixtures of biological cells, one cell at a time, based on the 

fluorescent characteristics of each cell. FACS is based on the phenotype 



   

differences between cells since each cell type has certain phenotype, certain 

extracellular and intracellular molecules, and different gene markers [12]. 

Typically, the cells in the suspension are tagged with fluorescent antibodies. 

These tags allow cells to be identified and isolated into a liquid medium for 

further analysis using FlowJo® software. When cell particles pass through a laser 

beam, they are monitored and are given positive or negative charge based on the 

presence or the absence of the fluorescently tagged antibody, respectively. Then 

these particles are separated based on their charge depending on their electric 

field into collection tubes with respect to the primary antibodies tagged with the 

fluorescent antibodies [13].  In this paper, cells were fixed, blocked, mixed with 

primary and secondary antibodies that attached to the extracellular gene 

markers. Then cells were permeabilized to provide access to intracellular 

antibodies, followed by mixing the cells with another primary and secondary 

antibodies that attached to the intracellular gene markers. The secondary 

antibody is a fluorescent molecule that attaches to the primary antibody specific 

for a particular cell surface protein after itself being attached to the extracellular 

or the intracellular gene markers. Figure (1) is a representation of FACS as it 

shows a population of mixed cells sorted into a negative and a positive sample 

containing cells of interest based on of the florescence dye [14]. Figure (1) also 

shows forward (FSC) and side scattering (SSC) gating that are commonly used 

when cells are distinguished based on their size and complexity, respectively, 

based on light reflection [14]. This gating is always used when studying cells of 

different sizes and complexity such as red blood cells and white blood cells but in 

this study the focus was on the differentiation of MSCs only, so we used the 

fluorophore expression.   



   

The goal of this study was to examine the effect of cell line-specific differences, 

especially the donor origin as a biological variable in guiding differentiation of Ad-

MSCs towards SMCs. This goal was achieved using three different cell lines from 

different donors: a 30-year old Hispanic female (ATCC1, which is the staining 

control), a 24-year old Caucasian female (82726) and a 29-year old native 

American female (99375). Each cell line was seeded in culture media and platelet-

derived growth factor mixed with transforming growth factor beta1 

(PDGF+TGFβ1), the differentiation media, for 4 days. Then Fluorescence-Activated 

Cell Sorting (FACS) was used to detect intracellular and the extracellular cell 

markers and data were analyzed using FlowJo® software. 

                                

                   Figure (1) represents fluorescence‐activated cell sorting (FACS). FSC is forward 

scattering & SSC is side scattering. Obtained from https://www.bosterbio.com/protocol-

and-troubleshooting/flow-cytometry-principle#flow_principle [14]. 

https://www.bosterbio.com/protocol-and-troubleshooting/flow-cytometry-principle#flow_principle
https://www.bosterbio.com/protocol-and-troubleshooting/flow-cytometry-principle#flow_principle


   

Methods 

 Thawing and Passaging Cell Lines  

Thawing and passaging is done in the laminar flow and before using the hood it 

should be sterilized by sparing 70% ethanol. Also, everything that enters the 

hood should be sprayed first to avoid contamination. The three cell lines that 

were used are from a 30-year old female Hispanic (ATCC1), a 24-year old 

Caucasian female (82726) and a 29-year old native American female (99375). The 

passage number of these cell lines was between 4-15 and they were proliferated 

in the lab for almost a year. Before getting the cell ampoules out of the liquid 

nitrogen, the culture media (low-glucose DMEM medium (Gibco, MA), 

supplemented with 10% v/v MSC qualified FBS (Gibco, MA) and 1% v/v AB/AM 

(Gibco, MA)) was warmed in the water bath for at least 15 minutes. Three 15𝑚𝑙 

centrifuge tubes were prepared by labeling each one with the cell line name and 

adding 8 ml of pre-warmed culture media in each tube. The cell ampoules were 

taken out of the liquid nitrogen storage wearing the personal protective 

equipment. Then these ampoules were rubbed gently for 1 minute and placed in 

the water bath for 1 minute. Thawing should be done rapidly to minimize any 

damage to the cell membranes. To avoid contamination, the ampoules were not 

immersed completely in the water bath, only the bottom part was immersed. The 

cell solution from each vial was added in its corresponding centrifuge tube. To 

make sure that there were no cells left on the walls of the ampoules, 1𝑚𝑙 of the 

culture media was added to each ampoules and pipetted two times then the 

solution was added to its corresponding tube. The centrifuge tubes were then 

centrifuged at 1200 𝑅𝑃𝑀 at 40℃ for 3 𝑚𝑖𝑛𝑢𝑡𝑒𝑠. During the centrifugation, three 
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