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INTRODUCTION

Mesenchymal stem cells (MSCs) are clinically relevant and currently used in trials for
medical conditions including immune rejection, neurodegenerative disease, orthopaedic
issues as well as autoimmune disease [1]. Therefore, it is important to consider the
culture conditions and delivery of these cells in a known and controlled manner towards
regenerating damaged tissue or wound sites. Specifically, bone or cartilage forming cells in
the appropriate matrix can be used to recover or replace bone fractures, damaged cartilage
or critical size defects [2, 3].
MSCs are fibroblast-like cells that give rise to mesenchymal derivatives. 2D plastic
adherence is a minimal criterion for MSC identification [4, 5]. However, culture expansion
and differentiation of MSCs in a 3D matrix provides a more physiologically relevant
model of development than when performed in 2D conditions. Indeed, it is known that the
differentiation potential and growth of cells will vary depending on matrix composition [6-8],
whilst dynamic 3D culture techniques and mechanical ques have also been reported to affect
adipogenic and osteogenic differentiation properties of MSCs [9, 10].
Previously, we have shown the successful culture expansion and differentiation of MSCs in
native nanofibrillar cellulose (NFC), GrowDex® [11, 12]. Here we have demonstrated the
adipogenic and osteogenic differentiation of human adipose derived MSCs embedded in
the anionic NFC, GrowDex®-T, as reported in Sheard, J.J. et al., (2019).

MATERIALS

• Adipose derived mesenchymal stem cells were obtained from Lonza (Cat No. PT-5006,
Slough, United Kingdom)
• Complete media: DMEM-High Glucose (Cat No. D5671-500ML, Sigma) supplemented
with 10% heat inactivated foetal bovine serum (Cat No. F9665, Lot: RNBG8272,
Sigma), 1% L-glutamine (200 mM, Cat No. G7513-100ML, Sigma), 1% penicillin with
streptomycin (10,000 units penicillin and 10 mg streptomycin per ml, Sigma).
• Differentiation Media: StemPro™ Adipogenesis or Osteogenesis Differentiation Kit (Cat
No. A1007001 and Cat No. A1007201, ThermoFisher) supplemented with 1% Pen/
Strep
• GrowDex-T 1.0% (Cat No. 200 103 005, UPM Biomedicals)
• 24 well tissue culture inserts: 3.0 µm pore PET membrane (Cat No. 83.3932.300,
Sarstedt)

• Low adhesion 24 well cell-culture plate (Cat No. 83.3922.500, Sarstedt)
• 4% Paraformaldehyde (PFA)
• Oil Red O: 300 mg Oil Red O in 100 ml 99% isopropanol (Cat No. O0625-25G,
Sigma Aldrich)
• Alizarin Red S: 2 g Alizarin Red S in 100 ml distilled water, pH 4.1 with 0.1% NH4OH,
filtered (Cat No. A5533-25G, Sigma Aldrich)
• EVOS Live imaging system (ThermoFisher)

METHODS

1.

Adipose derived MSCs were culture expanded in 2D in complete media and incubated
at 37°C with 10% CO2. Following trypsinization, cells were resuspended in complete
media at a concentration of 1x106 cells/ml.
2. Stock GrowDex-T (1.0% w/v) was diluted, firstly with culture media and then
with media containing MSCs, to make a final working solution with a GrowDex-T
concentration of 0.2% and 5x105 cells/ml [14].
3. Working example: for 1 ml of final working solution, add 200 µl of GrowDex-T to 700
µl of complete media and mix thoroughly by pipetting whilst avoiding bubbles. Then
add 100 µl of cells which are in suspension at a stock concentration of 5x105 cells/ml
and mix thoroughly. This will give you a 1 ml working solution with 5x105 cells/ml in
0.2% GrowDex-T.
4. Subsequently, 100 µl of cells embedded in 0.2% GrowDex-T was then transferred to a
24-well tissue culture insert. 100 µl of complete media was gently added on top of the
cells in the tissue culture insert and 1 ml of complete media was added to the outer well.
5. Medium in the outer well and in the tissue culture insert was carefully changed after 3
days to either complete media (control), or Stem Pro Adipogenic/Osteogenic media
and incubated at 37°C with 10% CO2.
6. All media changes were performed slowly and gently by placing the pipette to the edge
of the well above the GrowDex-T, removing 50% of the liquid and replacing it with
fresh media. This was done without disturbing the GrowDex-T layer.
7. Control and differentiation media were replaced every 2 to 3 days and cells were
maintained for 21 days.
8. Following the differentiation period, all media was carefully removed from the wells
and tissue culture inserts, ensuring not to disturb the GrowDex-T, and cells in the tissue
culture insert were washed once with PBS for 5 mins and then fixed with 4% PFA for 30
mins. This was performed by gently adding the PBS/PFA incubating for the required
time, then removing the solution without disturbing the GrowDex-T.
9. For Oil Red O staining: 3 parts of the stock solution was mixed with 2 parts ddH2O
and filtered. Following fixation, cells in the tissue culture inserts were washed once with
sterile ddH2O for 5 mins. 100 µl of staining solution was added to the cells for 5 mins.
10. For Alizarin red staining: following fixation, 100 µl of Alizarin red staining solution was
added to cells in the tissue culture inserts and incubated for 45 mins at RT in the dark.
11. The staining solutions were removed, and unbound dye was washed off by 3 to 5
washing steps with ddH2O for 5 mins each.
12. Images were taken using the EVOS imaging system.

RESULTS

Following 21 days of differentiation treatments, adipose derived MSCs showed lipid
accumulation (Fig. 1) and strong calcium deposition (Fig. 2) when compared to control
untreated cells. Oil Red O staining of cells treated with adipogenic differentiation media
revealed strong staining of intracellular lipids (Fig. 1B and C, white arrows) in contrast to the
control untreated cells (Fig. 1A).

Figure 1. Bright field images showing MSCs stained with Oil Red O following 21 days
of incubation in either control (A) or adipogenic differentiation (B-C) media. Deposition of
intracellular lipid droplets can be seen in differentiated cells (white arrows). Bar: 200 µm
(A-B), 50 µm (C).
Alizarin red staining of cells cultivated in osteogenic differentiation media showed high levels
of calcium deposition (Fig. 2B) compared to the control (Fig. 2A).

Figure 2. Images showing Alizarin Red S staining of MSCs cultured in GrowDex-T for
21 days in either control (A) or osteogenic differentiation (B) media. Pixel intensity from
images collected show significantly darker staining of osteogenic differentiation treated cells
compared to control (C). ***P<0.001. Bar: 500µm.

CONCLUSIONS

Here, we demonstrated that adipose derived MSCs cultured in 0.2% GrowDex-T can be
driven along both adipogenic and osteogenic differentiation lineages. The anionic NFC,
GrowDex-T has tuneable viscosity and is biocompatible with human cells. The morphology
of MSCs in GrowDex-T were stellate and fibroblastic, in comparison to the a spheroid
morphology observed in GrowDex that is native nanofibrillar cellulose [11, 12, 15].
Adipogenic or osteogenic differentiation potential is an important identification criterion
for MSCs [4, 5]. Compared to 2D culture conditions, differentiation of MSCs in a 3D
microenvironment represents a more physiological approach and is known to enhance
the levels of adipogenesis and osteogenesis [8-10]. Additionally, MSCs embedded in 3D
scaffolds show greater regenerative capacity [2].
Since GrowDex-T is an animal free matrix, it has great potential for clinical applications.
Overall, it provides a promising tool in studying MSCs in 3D for new model development or
treatment strategies such as the regeneration of bone injuries or critical size defects.
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