
A Multifactorial Approach Towards Enhanced Extracellular Matrix 

Deposition And Maintenance Of Mesenchymal Stem Cell Phenotype Using 

Macromolecular Crowding And Low Oxygen Tension  

Diana Gaspar
1*

, Daniela Cigognini
1*

, Pramod Kumar
1
, Abhigyan Satyam

1
, Senthil 

Alagesan
2
, Clara Sanz-Noguéz

2
, Matthew Griffin

2
, Timothy O’Brien

2
, Abhay 

Pandit
1
, Dimitrios Zeugolis

1
 

*These authors share first authorship 
1
Network of Excellence for Functional Biomaterials (NFB), National University of Ireland, Galway, Ireland

 

2
Regenerative Medicine Institute (REMEDI), National University of Ireland, Galway, Ireland  

dimitrios.zeugolis@nuigalway.ie 

Keywords: Biomedical Science, Biomedical Engineering 

Abstract 
Macromolecular crowding is a biophysical 

phenomenon that accelerates biological processes such 

as extracellular matrix deposition. Here we describe the 

successful combined used of macromolecular crowding 

and low oxygen tension for phenotype maintenance and 

increased extracellular matrix deposition of human 

mesenchymal stem cells. 

1. Introduction 
Cell-based tissue engineering strategies have limited 

clinical applicability due to delayed extracellular matrix 

(ECM) deposition and consequent prolonged 

production time. Scaffold-free tissue production in vitro 

can be enhanced by macromolecular crowding (MMC)
1
, 

a biophysical phenomenon that governs the intra- and 

extra-cellular milieu of multicellular organisms. 

Although MMC has been proven to be effective in 

enhancing ECM deposition in permanently 

differentiated cells
1
, its effectiveness in mesenchymal 

stem cell (MSC) culture has still to be fully assessed. It 

is hypothesised that MSCs cultured under MMC and 

low oxygen tension (2%)
2
 conditions will maintain their 

phenotype and function, resulting in multipotent and 

ECM-rich cell sheets for a variety of clinical targets. 

2. Materials and Methods 
Human bone marrow MSCs were cultured for 7 and 14 

days with 100 µg/ml of carrageenan (MMC) at 20% and 

2% oxygen tension at 37ºC and 5% CO2 in a humidified 

atmosphere. Collagen I deposition was assessed using 

sodium dodecyl sulphate polyacrylamide gel electro-

phoresis. Phenotypic assessment was performed by 

flow cytometry for the expression of cell surface 

markers CD90, CD105, CD73, CD44, CD34, CD11b, 

CD19, CD45 and HLA-DR. Staining for Oil Red O, 

Alizarin Red S and Safranin O / Fast green was used to 

assess adipogenic, osteogenic and chondrogenic 

differentiation. 

3. Results and Discussion 
Figure 1: Under MMC conditions, collagen I 
deposition was significantly increased at both 
20% and 2% oxygen tension, as compared to 
the non-crowded control (CTR) counterparts at 
both time points.  

 

Figure 2: Expression of positive cell surface 
markers represented in the form of median 
fluorescence intensity (MFI). Graphs show fold 
increase over the appropriate isotype control 
for 7 and 14 days and except for CD105, MMC 
and low oxygen tension (2%) did not affect the 
expression of positive surface markers, 
indicating maintenance of the multipotent 
phenotype. 

4. Conclusion 
MMC and low oxygen tension can be used effectively 

to enhance extracellular matrix deposition in human 

MSC culture, without detrimental effect on cell 

phenotype and function.  
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