
Introduction

Mesenchymal stem cells are a type of adult multipotent stem 
cell that gives rise to bone, cartilage, adipose, and connective 
tissue. Over the last two decades, they have become a wildly 
popular potential alternative to embryonic stem cells for 
regenerative medicine because of their broad plasticity, 
immunomodulatory, and anti-inflammatory properties, 
and the relative ease in which they can be isolated1. In vitro, 
they have been repeatedly demonstrated to be capable of 
generating various non-mesodermal and non-mesenchymal 
tissues including hepatocytes2,3, cardiomyocytes4, pancreatic 
cells5, neuronal cells6, and melanocytes7. They can be isolated 
with reasonable abundance and in a patient-specific fashion 
from adipose tissue, bone marrow, cord blood, and synovial 
fluid8-10. Their immunomodulatory abilities make them popular 
not only because they hold promise for possible treatments for 
previously difficult-to-treat diseases such as graft-versus-host 
disease and for organ transplantation, but also because any 
tissues derived from MSCs will themselves engender little to no 
immune response compared to iPSC- and ESC-derived tissues11. 

However, for all of their therapeutic potential, they have one 
major setback: in vitro, their proliferation rate tends to slow 
drastically, and they begin to senesce readily, making them 
difficult to expand enough for therapeutic use12. Some studies 
have suggested that adjusting the glucose concentration in the 
culture media can mitigate some of the senescence13, but this 
means culturing the cells in an environment that is not clinically 
relevant and which could ultimately alter their genetic stability. 
Studies have been conducted on the effect of 2D cell culture on 
the expression patterns and they have found that 2D culture 
tends to result in the overall flattening of the cytoskeleton 
and nucleus which in turn results in a change in gene and 
gene expression and rearrangement of the extracellular 
matrix. Three-dimensional cultures have proven to be much 
more successful in maintain the ECM microenvironment 
and produce more uniform, reproducible results and have 
demonstrated more success with clinical applications including 
transplantation. 

OP9 cells are a characterized line of murine bone marrow 
stromal cells that do not produce functional macrophage 
colony-stimulating factor (M-CSF) due to an osteopetrotic 
mutation in the gene encoding M-CSF14. OP9 cells were initially 
used to coculture mouse embryonic stem cells to induce their 
differentiation into blood cells, but they have been characterized 
as mesenchymal stem cells15. Here we discuss culturing of OP9 
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mesenchymal stem cells in the tunable VitroGel® hydrogel 
system including the VitroGel 3D-RGD and the new VitroGel 
RGD-PLUS, which contain different levels of integrin binding 
ligand modifications (RGD peptide) for different cell-cell and cell-
matrix interactions. (VitroGel 3D-RGD is a ready-to-use tunable 
hydrogel system modified with RGD cell adhesive peptide, 
promoting the cell attachment and cell-matrix interactions 
during the 3D cell culture. VitroGel RGD-PLUS is modified with 
3X higher concentration of RGD peptide compared to regular 
VitroGel 3D-RGD, which maintain a high level of integrin binding 
activities even after hydrogel dilution, supporting cells requiring 
strong cell-cell and cell-matrix interactions).

  
Materials and Methods

Cell Culture
 
OP9 cells were maintained in Alpha Minimum Essential Medium 
supplemented with 10% FBS, and 1x pen-strep. Cells were passaged 
when the cultures reached 80-90% confluence. For 2D hydrogel 
coating culture and 3D cell culture, both VitroGel 3D-RGD and 
VitroGel RGD-PLUS were used, according to the user handbook, as 
described below.

2D coating culture method: 2D coating hydrogel was prepared 
at 1:0, 1:1 and 1:3 dilutions with VitroGel Dilution Solution (Type 1) 
and then mixed with OP9 medium without cells at 4:1 ratio; 300µl 
added to each 24-well plate. The hydrogel was stabilized at room 
temperature for 20 minutes, then cells were added on the top of 
the hydrogel suspended in 300µl of cover medium.  Medium was 
changed every other day.

3D culture method: Hydrogel was prepared at a 1:3 dilution with 
VitroGel Dilution Solution (Type 1) according to manufacturer 
protocol. For confocal/fluorescent imaging, cells were cultured 8 
well chambers with cover glass on the bottom, using 200µl hydrogel 
per well. Medium was changed every other day.

Immunofluorescent (IF) Imaging 
 
Since cells have a GFP reporter, we conducted live cell imaging. 
The images were taken using a Leica TCS SP8 scanning confocal 
microscope with z-stack function at 10X and 20X magnification and 
processed by LAS X software and ImageJ.microscope with z-stack 
function. Processing and analysis of images were performed using 
LAS X software and ImageJ.
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Results
OP9 cells in 2D VitroGel culture exhibit cell 
clustering and healthy cell morphology. 

Figure 1: OP9-GFP cells grown 
on the top of 2D hydrogel coat-
ing surface of VitroGel 3D-RGD 
and VitroGel RGD-PLUS. Com-
pared to standard 2D culture 
(A), OP9 cells attach and cluster 
much better in the 3D VitroGel 
environment (B-G) after only 2 
days in culture Cells show ag-
gregation at 1:0 dilution for both 
VitroGel products (B, E), but the 
cells spread and attach better 
on V-PLUS at lower gel strength 
substance.

Figure 2: Three-dimensional culture of OP9-GFP cells in both VitroGel 3D-RGD and VitroGel RGD-PLUS. While VitroGel 3D-RGD promotes cell 
expansion (E,G), the new VitroGel RGD-PLUS has better support for OP9 cell proliferation and cell-cell communication. Stronger cell-matrix in-
teractions help the cells to form the cell-networking structures (F,H). (images A,B,C,D,G,H at 20X; images E&F at 10X)

Standard 2D Culture

We evaluated OP9 cells in 2D culture 
in both the original VitroGel 3D-RGD 
and the new VitroGel RGD-PLUS. In 
standard 2D culture on the surface 
of tissue culture plate, OP9 cells like 
many mesenchymal cell types, adopt 
a fibroblast like shape and fail to clus-
ter (Fig 1A). Mesenchymal stem cells 
in this environment don’t prolifer-
ate well and can lead to senescence. 
Moreover, they exhibit the character-
istic bright spotting in the cell culture 
commonly associated with stages of 
apoptosis. To understand optimal 
conditions for OP9 culture within our 
tunable system, we cultured these 
cells various dilutions of VitroGel. In 
the VitroGel 3D-RGD (Fig 1B-D), cells 
form clusters in all dilutions after just 
2 days of cell culture. With the newer 
VitroGel RGD-PLUS (Fig 1E-G), cells are 
even more robust, forming large col-
onies and exhibiting a healthy MSC 
morphology at the lowest dilution.  
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Culturing OP9 cells in VitroGel RGD-PLUS promotes the construction of an 
intercellular network 

This characteristic is typically not possible in two-dimensional culture 
and can vary with three-dimensional culture. To understand wheth-
er our hydrogel system can facilitate this, we cultured OP9 cells in 
three-dimensional cultures with two of our hydrogels. Based on our 
previous experience, for 3D cell culture, OP9 cells prefer to grow in a 
soft hydrogel matrix (G’ < 300 Pa). Therefore, the diluted VitroGel hy-
drogels at 1:3 dilution has been selected for this study. A major factor 
of the in vivo 3D microenvironment is the ability of cells to form an 
intercellular network. With VitroGel 3D-RGD, after 7 days of culture, 
cells have settled into the 3D hydrogel (Fig 2C, E, G). The cells are alive, 
but the proliferation rate is low comparing based on Day 2 and Day 7 
images (Fig 2A & C).  The 3D views of the Fig 2E & G show the lack of 
intercellular connections of OP9 cells after 7 days 3D culture in regu-
lar VitroGel 3D-RGD (3D Views of Fig 2E & G: https://www.thewellbio.
com/3d-cell-culture-of-bone-marrow-stroma-cells-op9-on-vitrogel). 
On the other hand, cells cultured in VitroGel RGD-PLUS have shown 
more 3D fibroblast like morphology and made extensive intercellu-
lar connections (Fig 2D, F, H; 3D Views of Fig 2F & H: https://www.
thewellbio.com/3d-cell-culture-of-bone-marrow-stroma-cells-op9-
on-vitrogel). 

Discussion

Our studies indicate that our new VitroGel RGD-PLUS can be an ideal 
three-dimensional scaffold for cellular applications that rely on in-
tercellular networks. Cellular differentiation and identity is regulated 
by complex cell-cell communication which can only be achieved at a 
short range by diffusible ligands; a behavior which can be difficult to 
model in vitro. It can lead to variability between in vitro and in vivo 
studies which can hinder translational studies16. 
For tissue regeneration, especially mesenchymal differentiation, the 
ability to communicate with surrounding cells is absolutely necessary. 
Cell communication commonly happens at relatively short-range via 
diffusible factors between cells, facilitated by the close contact pro-
vided by a three-dimensional environment. However, longer range 
signals require a cell communications network. Multiple studies have 
demonstrated that different kinds of scaffolds and different elastici-
ties can drive differentiation down different pathways. VitroGel sys-
tem provides a platform that is adjustable enough to fit any of the 
applications, reducing variability and streamlining the process.
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