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Abstract

The 3D culture of human mesenchymal stem cells (hMSCs) represents a more physiological 

environment than classical 2D culture and has been used to enhance the MSC secretome or extend 

cell survival after transplantation. Here we describe a simple and affordable method to generate 

3D spheroids of hMSCs by seeding them at high density in a low-binding 96-well plate.

Spheroids of hMSCs cultured in low-binding 96-well plates can be used to study the basic biology 

of the cells and to generate conditioned media or spheroids to be used in transplantation 

therapeutic approaches. These MSCs or their secretome can be used as a regenerative therapy and 

for tissue repair across multiple disease areas, including neurodegeneration.

In comparison to other methods (hanging drop, use of gels or biomaterials, magnetic levitation, 

etc.), the method described here is simple and affordable with no need to use specialized 

equipment, expensive materials or complex reagents.
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Background

Mesenchymal stem cells (MSCs) are an attractive candidate for the development of novel 

regenerative therapies for diseases such as stroke or amyotrophic lateral sclerosis (Chen et 
al., 2001; Bang et al., 2005; Boido et al., 2014). Their versatility makes the optimization and 

standardization of techniques essential to ensure MSC therapies can provide as much benefit 

as possible. One possible way to maximize the therapeutic potential (e.g., enhanced 

secretion of anti-inflammatory mediators) of MSCs is to culture them in 3D (Bartosh et al., 
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2010). Cells do not normally grow in monolayers in physiological conditions, therefore 

culturing them in 3D provides a more realistic environment, and increases secretion of 

certain factors such as vascular endothelial growth factor (VEGF) or granulocyte-colony 

stimulating factor (GCSF), amongst others (Caplan and Correa, 2011; Redondo-Castro et al., 
2018). Some of these factors exert beneficial actions leading to an enhanced repair response 

(Torres-Espín et al., 2013; Kalladka and Muir, 2014) and by modulating the inflammatory 

component (Bernardo and Fibbe, 2013; Mathew et al., 2017).

Several methods have been developed to generate spheroids including magnetic levitation 

(Haisler et al., 2013); nanoparticles (Daquinag et al., 2013), hanging drop techniques 

(Bartosh et al., 2010; Murphy et al., 2014), suspension methods (Carpenedo et al., 2007) and 

hydrogels (Laschke et al., 2013; Tseng et al., 2017). Some of these methods, despite being 

effective, are time consuming or expensive as they require complex reagents or equipment 

(Cha et al., 2017). For this reason, we have been culturing spheroids using a very simple 

method (Redondo-Castro et al., 2018) that only requires a low-binding 96-well plate 

combined with a high-density suspension of cells.

With this method, we are able to obtain mature spheroids in a few days, with a very high rate 

of efficiency and reproducibility. Moreover, phenotypic characterization of spheroids shows 

that this method could be really useful for researchers developing cell therapies (either cell 

suspensions for transplants or generating cell-derived products such as conditioned media), 

as well as in other research fields.

Materials and Reagents

A. Cell culture plasticware

1. T75 and/or T25 flasks (Corning, catalog numbers: 430641U for T75 

and 3056 for T25)

2. Plates low cell binding, 96 wells, round bottom (Thermo Fisher 

Scientific, Nunc™, catalog number: 145399)

3. Centrifuge tubes (15 ml; 50 ml, Corning, catalog numbers: 430790; 

430828)

4. Cryovials (STARLAB, catalog number: E3110-6122)

5. Plastic stripettes (5 ml; 10 ml; 25 ml, Corning, Costar®, catalog 

numbers: 4487; 4488; 4489)

6. Pipette tips (TipOne, STARLAB, catalog numbers: S1111-3700; 

S1111-1706; S1111-6701)

7. Non-adherent microfuge tubes (Eppendorf, catalog number: 

0030108116)

B. Reagents

1. DMEM low glucose (Sigma-Aldrich, catalog number: D6046)
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2. Fetal bovine serum (FBS, Thermo Fisher Scientific, Gibco™, catalog 

number: 10500064)

3. Gelatin, Analar (BDH, catalog number: 440454B)

4. L-Glutamine, 200 mM (Sigma-Aldrich, catalog number: G7513)

5. MesenPRO RS™ Medium (Thermo Fisher Scientific, Gibco™, catalog 

number: 12746012)

6. PBS, without calcium and magnesium (Sigma-Aldrich, catalog number: 

D8537)

7. Penicillin-streptomycin (P/S), 10,000 units penicillin and 10 mg 

streptomycin per ml (Sigma-Aldrich, catalog number: P0781)

8. Trypsin/EDTA 10x (Sigma-Aldrich, catalog number: T4174)

9. Triton X-100 (Sigma-Aldrich, catalog number: T8787)

10. Trypan blue solution (Sigma-Aldrich, catalog number: T8154, 0.4% 

[w/v] solution)

11. Paraformaldehyde (Sigma-Aldrich, catalog number: P6148)

12. Methanol (Fisher Scientific, CAS: 67-56-1)

13. Fish skin gelatin (Sigma-Aldrich, catalog number:G7041)

14. Antibodies:

Mouse anti-fibrillin (used at 1/200, Merck, catalog number: MAB1919)

Rabbit anti-fibronectin (used at 1/200, Sigma-Aldrich, catalog number: 

F3648)

Donkey anti-mouse 680 nm (used at 1/400, LI-COR, catalog number: 

926-68072)

Donkey anti-rabbit 488 nM (used at 1/500, Thermo Fisher Scientific, 

Invitrogen™, catalog number: R37118)

15. DAPI (used at 1/100,000,Thermo Fisher Scientific, Invitrogen™, 

catalog number: D1306)

16. Gelatin solution (see Recipes)

17. MesenPRO RS™ Medium (see Recipes)

18. DMEM low glucose (see Recipes)

19. Trypsin (see Recipes)

Equipment

1. Water bath, 37 °C (Grant JB Nova)

2. CO2 Incubator (Eppendorf, New Brunswick™, model: Galaxy® 170 S)
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3. Glass hemocytometer (Brand)

4. Laminar flow hood (ENVAIR, model: Envair Eco Safe Basic Plus)

5. Inverted microscope (Olympus, model: CKX31)

6. Moticam 2300 camera coupled to Motic Images Plus 2.0 ML software (Motic, 

model: Moticam 2300)

7. Cell culture centrifuge (Sigma Laborzentrifugen, model: 3-16KL)

8. Aspirator (dry vacuum pump/compressor, Welch Vacuum - Gardner Denver, 

model: 2511)

9. Autoclave (Prestige Medical, model: Classic 2100 Extended, catalog number: 

210004UK)

Software

1. Motic Images Plus 2.0 ML software, Motic®

Procedure

A. Preparing the cells

1. Culture the cells in flasks (cells may come from a frozen vial or from a 

previously established culture. Cells identity can be confirmed by using 

specific markers, detailed in Dominici et al., 2006 or Redondo-Castro et 
al., 2017). Recommended initial densities are around 2,500 cells/cm2, 

but numbers can be adjusted (depending on the donors and their 

proliferation properties). Ensure cells are evenly distributed and 

incubate at 37 °C in MesenPRO RS™ Medium (or any other suitable 

culture media for MSCs).

2. When cells are being cultured (from a previous passage sub-culture or 

from the frozen vial) and reach 70-80% confluency, they are ready to be 

sub-cultured or used to generate spheroids. One passage normally takes 

one week, but this time can change depending on the donor; 

proliferation of cells from some donors can be as slow as three weeks 

between passages. Cells should be used up to passage 6, and the 

medium should be changed every 3-6 days (slower growing cells 

require less changes of media).

3. Warm gelatin solution in a water bath (~37 °C), and add enough gelatin 

solution to cover the entire surface of the flask/well. Ideally, leave them 

in an incubator overnight (37 °C). Aspirate the gelatin and rinse wash 

with warm or room temperature PBS. Flasks and plates coated with 

gelatin can be kept in the incubator until cells are ready (ideally this 

step needs to be done on the same day, but can be done the day before if 

needed. Flasks can be kept in the incubator ON, at 37 °C).
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4. Once cells are ready, aspirate media and wash cells twice with warm 

PBS. Then add the solution containing trypsin, diluted 1/10 in PBS, 

from the 10x stock [final concentration of trypsin is 0.5% (w/v)]. Use 

the minimum volume necessary to cover the flask surface (normally 1-2 

ml for a T25 or 5 ml for a T75, volumes may vary). It should be warm, 

as trypsin works optimally at 37°C. Return flasks to the incubator for 5 

min, checking them every 2 min for detachment of cells.

5. Once detached, transfer the solution containing cells and trypsin to a 

falcon tube. Add the double of the volume of DMEM low glucose 

(containing FBS, check recipe section. MesenPRO RS™ medium can 

be used at this step, but DMEM is normally cheaper) to the flask, to 

wash out the remaining cells in the flask (if you added 5 ml of trypsin, 

add then 10 ml of media to stop the reaction). Transfer the whole 

volume to the tube and centrifuge at 770 x g for 5 min.

6. Discard the supernatant and resuspend the cells in 1-2 ml of media. 

Count the viable cells (using trypan blue) in a glass hemocytometer and 

divide the cells into new flasks or seed them to generate spheroids if 

they are in the right passage (P5-P6).

B. Spheroid formation

1. Resuspend the pellet in MesenPRO RS™ medium (14,000-60,000 cells 

per well [Figure 1C] do not need further modifications of this protocol–

suspension volumes or incubation days), and add 50 μl of cell 

suspension to each well of the low cell binding plate. Variations of 

density can be used, according to specific requirements. Mixing and 

resuspending the cell suspension during the plating can help obtaining 

more reproducible spheroid sizes across the plate.

2. Spheroids will begin to appear in less than 24 h (Figures 1A and 1D). 

Just few hours after seeding, most of the wells should contain small 

spheroids that will progressively converge into one large spheroid. After 

5 days in culture, spheroids are visible by eye and are stable enough for 

experimental investigation (Figure 2). Cells from different donors may 

grow faster or slower (Figures 1A and 1B), therefore culture times may 

need to be adjusted. If longer periods of culture are needed, or big 

numbers of cells are used, media can be changed by slowly removing 

the medium without disrupting the spheroid. Small preparations 

(14,000-25,000 cells) do not need media change during those 5-6 days.

C. Treating and collecting spheroids

1. Treatments can be added directly to the media, without need of moving 

the spheroids. Make sure to adjust volumes and concentrations. Be sure 

that your incubator has water to avoid evaporation which could lead to 

changes in the final volume of media surrounding the spheroid and give 

rise to inaccuracies in the results.
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2. Supernatants can be easily collected with a plastic pipette tip (200 μl or 

1 ml size will be suitable), just taking care to avoid the spheroid. 

Collect spheroids individually or together with the supernatants and 

transfer them to a tube using a plastic pipette tip (Figure 2).

D. Immunostaining of spheroids

1. Transfer spheroids to non-adherent microfuge tubes containing 4% 

paraformaldehyde in PBS containing 1% Triton X-100 at 4 °C for 4 h 

or overnight with gentle rocking (any tube rotator can be used here, use 

~500 μl to ensure proper fixation of the spheroids).

2. Wash spheroids in 0.1% Triton X-100 in PBS, at least a couple of times 

(~15 min/wash; all washes require ~500 μl to ensure efficient washing; 

no centrifugation is needed, wait 1 min before aspirating the liquid so 

the spheroids will sediment into the bottom of the tube).

3. Dehydrate by exposure to an increasing series of methanol (10%, 20%, 

50%, 75% and 95%) in PBS solution for 15-20 min each at 4 °C(~500 

μl of each concentration should be enough).

4. Incubate spheroids in 100% methanol at 4° C for 4 h or overnight with 

gentle rocking.

5. Rehydrate spheroids (involve the same decreasing methanol series).

6. Block unspecific staining by incubating spheroids in 3% fish skin 

gelatin (FSG) in 0.1% Triton X-100/PBS solution at 4 °C for 10 min-1 

h to overnight with gentle rocking.

7. Incubate with primary antibody diluted in 0.1% Triton X-100/PBS 

+ 3% FSG, overnight at 4°C with gentle rocking. Optimal concentration 

of antibodies should be tested by users. We present an example using 

fibronectin and fibrillin-1, but other proteins can be detected by this 

method.

8. Wash spheroids three times in 0.1% Triton X-100 each for 30 min at 

room temperature.

9. Incubate spheroids with secondary antibody in 0.1% Triton X-100/PBS 

for 3-24 h at 4°C with gentle rocking. DAPI or other staining steps can 

be added at this point.

10. Wash three times using 0.1% Triton X-100/PBS. Spheroids are ready to 

be imaged (e.g., by fluorescence or confocal microscopy, see examples 

in Figure 3). We imaged the spheroid by using dipping confocal lenses 

whilst the spheroid was immersed in PBS solution, but different 

approaches can be used and every researcher needs to adapt this step to 

their own microscopes and resources.
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Data analysis

1. Measuring spheroids: spheroid growth can be monitored by taking photos and 

measuring their maximum sectional area using a camera attached to the inverted 

microscope. Bright field images are sufficient to achieve reliable measurements. 

All structures smaller than 0.15 mm2 are not considered spheroids and excluded 

from further analysis (Figures 1A and 1B). Further details on this process can be 

found in (Redondo-Castro et al., 2018).

2. Biological measurements: supernatants can be directly used in different assays, 

such as ELISAs, or Western blots. Spheroids can be lysed to use them in 

molecular biology assays (ELISAs, Western blots, PCR, etc.) or processed for 

histological or immunocytochemistry protocols (Figure 4).

3. Conditioned media: supernatants can be used as conditioned medium for cell and 

in vivo treatments.

Notes

1. Cells from different donors may behave differently (Figure 1). Some donors 

require longer incubation times between passages or different incubation times 

before spheroids form. Adjust the times to your donor characteristics.

2. As the cells are contained in a small volume of media, it is important that 

evaporation is not an issue, as that can affect the concentrations of treatments and 

therefore cell behavior. Ensure your incubator tray always contains water. It is a 

good idea to use all the outer wells as an extra reservoir of liquid containing PBS 

and 1-2% of P/S.

3. Immunofluorescence protocols may require some further optimization by the 

user, as some epitopes may be more accessible than others (especially the ones 

on the surface of the spheroid). So we recommend optimization of the 

concentrations and timings of incubations to ensure proper penetration and 

staining of the right targets.

Recipes

1. Gelatin solution

a. Dissolve gelatin (0.1%) in distilled water and autoclave the solution

b. Store the solution at 4 °C and use within two weeks

2. MesenPRO RS™ Medium

1. Defrost the MesenPro supplement (it is sold with the media) and add it 

to a 500 ml bottle

2. Add 5 ml of P/S

3. Store the medium in 50 ml aliquots and keep at 4 °C

4. Add 5 ml of fresh glutamine, just before feeding the cells (glutamine in 

media can last up to 14 days)

Redondo-Castro et al. Page 7

Bio Protoc. Author manuscript; available in PMC 2018 October 05.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



3. DMEM low glucose

a. Add 50 ml of FBS and 5 ml of P/S to a 500 ml bottle of media

b. Store the media at 4 °C if not use immediately

c. Add 5 ml of fresh glutamine, just before adding it to the cells 

(glutamine in media can last up to 14 days)

4. Trypsin

Dilute trypsin/EDTA10x to 1x in PBS, just before use
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Figure 1. Formation of spheroids.
A. Area of spheroids from 2 different human donors (in white dots for the cells purchased 

from Lonza and black dots for the cells purchased from 3H Biomedical), at days 1, 4 and 6 

after cell seeding. Notice the difference in size between donors, the progressive reduction on 

size and the exclusion criteria for all structures smaller than 0.15 mm2 (indicated with a 

dotted line). B. Average area of spheroids from the same donors at the same time points; 

donor from 3H Biomedical in black, donor from Lonza in grey. C. Representative images of 

spheroids formed with 14,000 and 60,000 cells, after 5 days. Scale bar = 500 μm. D. Time 

course of the formation of a spheroid (20,000 cells) up to 6 days in vitro. Notice the 

reduction on size. Scale bar = 500 μm.
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Figure 2. Working with spheroids.
Spheroids can be seen in the wells from above (A) and below (B) the plate (5 days spheroids 

in the picture, 20,000 cells). Spheroids can be easily aspirated with a pipette tip (C) and 

transferred into centrifuge tubes (D). Spheroids are indicated with arrows. As a reference, 

the wells from (A) and (B) are from a 96-well plate.
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Figure 3. Example of immunofluorescent staining of spheroids.
Confocal images of an immunostained spheroid (A, scale bar = 100 μm), and details at 

higher magnification (scale bars = 50 μm) of fibronectin (B) and fibrillin-1 staining (C), as 

well as the merge image (D).
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Figure 4. Spheroid formation and applications.
Scheme depicting the main stages of spheroid formation and some of the main applications.
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