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Abstract
Mesenchymal stem cells (MSCs) are recognized as important 

sources for regenerative medicine (RM). Adherent cultures, long 
time considered definitory for MSCs phenotype, are relatively easy 
to perform and to assess. Two dimensional cell expansion systems, 
however, have been shown to decrease stemness and to induce 
cellular senescence therefore impeding on MSC therapeutic potential. 

Multicellular aggregates known as spheroids are a form of three 
dimensional (3D) culture increasingly recognized to improve MSC 
differentiation potential to mesenchymal and non-mesenchymal 
lineages, to increase cytokine and growth factor release as well as 
cell trafficking and survival after transplantation. Data about improved 
vasculogenesis and tissue regeneration potential of spheroid cultured 
MSCs are already available, making this method attractive for 
regenerative strategies in wound healing, revascularization after 
myocardial and cerebral infarctation or peripheral ischemia. In-depth 
genetic and epigenetic profiling of MSCs in this particular state would 
be needed in order to predict their therapeutic potential for RM. 
Better understanding of changes in cellular phenotype that occurs in 
spontaneous 3D and the implication for in vivo cell behavior as well as 
cell host interaction after transplantation are required before clinical 
applications. 

Introduction 
Mesenchymal stromal or stem cells (MSCs) are phenotypically 

heterogenous populations of adult progenitors, initially isolated 
from the stroma of bone marrow by Friedenstein and coworkers [1-
3]. The team described a population of fibroblast-like cells capable 
of forming colonies and of differentiating in vitro to osteocytes. 
Further studies identified a multitude of mesenchymal tissues that 
contain and can be used as sources of MSCs such as adipose [4] 
skeletal muscle [5] trabecular bone [6], dental pulp [7], cord blood 
[8]. MSCs are capable of differentiating into specific mesenchymal 
and non-mesenchymal lineages. Bone, cartilage, muscle, bone 
marrow stroma, tendon/ligament, adipose, dermis, and other 
connective tissues [9,10] and as well, [11] glia [12], hepatocytes [13] 
or endothelial cells [14,15] could be obtained from MSCs in defined 
culture conditions in vitro as well as in vivo in various animal models. 
Due to their ability to generate tissue-specific cells as well as to secrete 
trophic factors and elicit immune modulation, MSCs are sought as 
cell sources for regenerative medicine (RM). International Society 
for Cell Therapy (ISCT) has identified the minimal criteria for MSCs 
characterization among which the capability to adhere to the culture 
dish is considered a functional definition of phenotype [16]. Recent 
reports about improved proliferative and differentiation potential of 
MSCs of various tissue sources in three dimensional (3-D) culture 

systems [17,18] invites to revisiting the definition of mesenchymal 
progenitors as adherent populations. This review will describe several 
features of scaffold free 3-D culture that recommend this approach 
as a tool for improving understanding of MSC biology as well as for 
generating successful RM therapies. 

2D Versus 3D Cultures of MSCs 
With the classical approach, a mononuclear cell suspension 

derived from the donor tissue by mechanical separation, gradient 
centrifugation or enzymatic digestion is plated at a density of about 
1.6 × 105 cells/cm2 in flasks with stiff and flat polystyrene culture surface. 
Initial cell suspension contain variable amounts of MSCs ranging 
from 0.0001% in the bone marrow to almost 0.1% in the stromal 
vascular fraction (SVF) resulting from adipose tissue processing [19]. 
Due to their paucity in the tissue of origin, for research but most of 
all for therapeutic purposes, MSCs need to be expanded by means 
of successive subcultures (passages), an operation that involves 
detaching the cells from the culture surface mostly by enzymatic 
digestion. The regular culture media contains a basal formulation 
(Dulbecco’s modified Eagle’s medium or minimal essential medium) 
in the presence of fetal bovine serum (FBS) [20]. Used for several 
decades, this technique is considered relatively simple and highly 
reproducible, enabling cell sorting based on their capability to adhere 
to plastic. It results in relatively homogenous MSC populations and 
allows for simple straightforward gestures for maintenance such as 
media change or microscopic evaluation. Culture automation and 
standardization amendable for large scale production of MSCs is 
facilitated using this approach [21], this enables the development 
of commercially available solution for therapeutic applications [22]. 
Moreover, cells imaging as well as assessment of differentiation in flat 
culture can be done using regular inverted (fluorescent) microscopes, 
in most cases without the need of embedment techniques and slide 
preparation required for 3D structures.

However, several technical as well as biological problems arise 
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with the use of conventional flat culture surfaces. From a technical 
perspective, the dependence on FBS for cell expansion introduces both 
the hazard of using xenogeneic proteins as well as batch variability of 
the product known to influence MSCs proliferation and survival [23]. 
This introduces the necessity that each batch should be tested for the 
suitability of being used for MSC culture. Moreover, increased efforts 
are made to introduce xenofree media for manufacturing MSC for 
therapeutic purposes. Human platelet lysate, pooled human plasma 
or recombinant cytokines are tested as culture supplements to avoid 
potential hazards from the use of animal derivatives. From a biological 
perspective, monolayer culture introduces an artificial environment 
for adhesion, feeding and motility that alters cellular phenotype and 
behavior. In normal conditions, within a tissue, cells are embedded 
within an extracellular matrix (ECM). This situation implies three 
dimensional cells-cell and cell-ECM contact and communication, as 
well as a specific cell polarity, access to the interstitial fluid containing 
nutrients and signaling molecules and context dependent motility. On 
a flat culture surface, approximately half of the cell surface is exposed 
to culture media and the other half to the substrate of the culture 
dish, a low percent interacts with other cells [24]. As a consequence, 
MSCs expanded in monolayer lose their capability to proliferate, 
differentiate and forming colonies after a variable amount of passages 
[25] are exposed to culture media induced replicative senescence 
and reduced multipotency [26]. Such challenges impede equally on 
enhancing knowledge about stem cell behavior while in vivo as well as 
on the design of safe and efficient regenerative therapies. 

The necessity of adding a third dimension to cell culture system 

that more closely resembles the natural environment and might 
generate significant differences in MSCs phenotype, behavior and 
therapeutic potential is increasingly recognized in the literature [27]. 
The advantages of 3D cultures in terms of reproducing intercellular 
communication and in generating complex tissue- like structures 
has stimulated technical developments. Various scaffolds and 
coating materials that add a dimension to the culture surface as well 
as of bioreactors that facilitate nutrient diffusion within complex 
constructs are largely used in the field of stem cells for research as well 
as for translational purposes [28]. Interestingly, the growth of MSCs, 
known to be anchorage dependent cells in low attachment dishes has 
been reported to induce the formation of cellular aggregates [29]. Due 
to their spherical shape, such aggregates are denominated spheroids 
(Figure 1). To note, the method of culturing multicellular aggregates 
as spheroids was first described in relation with embryonic cells, 
established as a method in cancer research [30] and only relatively 
recent in the field of stem cells [31] and tissue engineering [32].

Technical Approach on Spheroid Culture 
In 2D culture conditions, adherent cell populations when seeded 

as a cell suspension in the culture dish would fall due to gravity to 
the surface of the culture dish and form connections via cell surface 
integrins with the ECM-like molecules (such as fibronectin) adsorbed 
on the plastic [33]. Whenever the surface of the culture dish is not 
permissive for adhesion, the cells would tend to agglomerate in 
relatively homogenous suspended 3D clusters. The modalities used 
for inducing or enhancing the formation of spheroids can be static 
or dynamic. Static method implies providing cells a modality to form 

Figure 1: 2D versus 3D culture of same cell population (Adipose derived stem cells passage 3).

(A) “Classical” culture method using polystyrene coated cell culture flask and the microscopic appearance of adherent cell population -scale bar 1 mm. (B) Self 
aggregation and spheroid formation in low attachment culture dish and serum free culture media supplemented with FGF and EGF-scale bar 1 mm.
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aggregates due to static physical forces, one of the earliest is the hanging 
drop method [34]. Cells spontaneously aggregate at the bottom of a 
drop resulting from inverting a plate where small amounts of cell 
culture media (“drops”) have been deposited separately from each 
other. The liquid overlay technique uses a non-adherent substrate, 
a thin coating of agar or agarose; this prevents cells from attaching 
and inducing formation of spheroids. The later has been reported 
to generate more homogenous and reproducible cellular aggregates 
in mono culture as well as in co-culture systems when compared to 
hanging drop and to suspension of cells in carboxymethyl cellulose 
solution [35]. 

More recently, for laboratory settings, commercially available 
plates with low attachment surface allow for spontaneous formation 
of spheroids in suspension culture. By using multiwell (for example, 
96 well) plates, the size of the aggregate can be easily controlled by 
adjusting the number of cells seeded per well. Micro fluidics-generated 
water-in-oil-in-water (w/o/w) double-emulsion (DE) droplets have 
been reported to increase control of spheroid size, reduce fabrication 
time and allow for convenient retrieval of cell aggregates that could 
be suitable for high throughput experiments as well as for large scale 
manufacturing purposes [36]. 

Dynamic methods imply forced cellular aggregation. The spinner 
flask method uses the intrinsic centripetal force resulting from low to 
medium speed rotation of the culture dish to enable cell aggregation, 
to prevent adhesion to the bottom and to facilitate intercellular 
bonding by promoting cell to cell collision by means of constant 
stirring [37].

The rotating wall vessel provides an internal microgravity 
environment maintaining the cells in suspension and allowing 
spheroid formation in a low shear environment, maintaining the 
cells in a continuous free fall [38]. Extrinsic applied forces such as 
centripetal force, electrical or magnetic fields or ultrasound act by 
concentrating cells in high density facilitating aggregation.

Pellet culture uses the centripetal force to aggregate cells at 
the bottom of a tube or well. Speed and time for centrifugation 
varies with tube/well volume, cell type and quantity; the method is 
commonly used to induce chondrogenetic differentiation of MSCs in 
high density culture [39,40].

Suspension culture of cells after incubation with ferum oxide 
nanoparticles uses magnetic force to induce a “levitation” system of 
cellular aggregation [41]. An ultrasound wave trap has been used, 
as well as an external force, to concentrate cells and facilitate their 
aggregation [42] (Figure 2).

Cellular self-assembly has been sought as mimicking natural events 
that occur during embryogenesis, morphogenesis and organogenesis, 
processes at least, partially, explained by cell surface tension and 
cadherin isoforms expression [43,44]. Little is known, however, about 
the impact of culture-system-induced intrinsic or external forces on 
cell biology. Given the known MSCs mechanosenstivity in terms of 
cell survival, proliferation and differentiation [45], the contribution 
of culture system induced mechanical forces to cell phenotype would 
need further clarification before such procedures can be translated to 
clinical applications. 

Spheroid Culture in Stem Cell Research 
The culture of cellular aggregates is a widely used method 

for testing pluripotency in embryonic stem cells (ES) or induced 
pluripotent stem cells (IPSCs) [38]. Spheroids formed in vitro in 
suspension cultures by pluripotent cells, denominated embryoid 
bodies, (EB) are commonly used to induce differentiation into cells 
of the ectoderm, mesoderm, and endoderm lineages. After enzymatic 
dissociation, single cell population originating from Ebs cultured 
in defined media can give rise to progenitors of specific lineages 
pertaining to all three germ layers [46] EB as a form of sponataneous 
3D culture system reproduces to a certain extent the intecellular 
interactions and molecular pathway cascades activated during early 

Figure 2:  Schematic representation of several technical methods used for obtaining spheroid cultures. 

“Hanging drop” technique (B) Liquid overlay (C) Microfluidics system (D) Pellet culture (E) Spinner flasks (F) Rotating vessels (G) Application of external forces 
(adapted from Ref [38]).

Figure 2
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embryogenesis [47]. Moreover, spheroid culture of other pluripotent 
or multipotents cell types such as neural stem cells (NSCs) [48], 
mamary stem cells [49] or corneal stem cells [50] have been used 
as a method for isolation, in vitro expansion and differentiation to 
their specific progenies. Stem cells with self renewal capabilites 
are usually prone to forming spheroids in non-adherent culture 
conditions in vitro, displaying increased viability and differentiation 
capabilities [51]. Cells grown as spheroids have been reported to 
display differentiation abilities not obtainable in 2D systems. Thus, 
bone marrow MSCs in aggregate culture could be differentiated to 
hepatocyte-like cells [52], salivary-gland-derived progenitors could be 
induced to pancreatic islets and hepatocyte lineage [53]. Interestingly, 
suspended serum-free culture of mouse EB in defined media was 
able to generate specific neural lineage (telencephalic precursors) 
directed by specific small molecules added to the culture media [54]. 
Remarkably, even complex organs such as optic cup could be derived 
in similar conditions in vitro. Autonomous formation of the retinal 
primordium structure from mouse 3D ES spheroid culture was 
reported. Retinal epithelium spontaneously formed hemispherical 
epithelial vesicles that became patterned along their proximal-distal 
axis and was able to derive stratified neural retinal tissue [55,56]. 
Human IPSCs cultured as spheroids in defined serum-free media 
were able to generate neurons and glial cells organized in laminated 
cortical structure showing transcriptional similarities with human 
fetal neural cells. Such cells were proven to be electrophysiologically 
mature and able to form functional networks and to produce synaptic 
events [57]. It has been proposed that multicellular aggregates of 
stem cells form complex systems that can self-organize in a similar 
manner to naturally occuring organogenesis. Deciphering what has 
been denominated „cytosystem dynamics” could lead to enhanced 
knowledge about embryonic development, tissue formation and 
architecture empowering novel strategies for tissue engineering and 
RM [58].

Particularities of MSCs Spheroids
MSCs are able to self-aggregate forming spheroid structures with 

distinctive cell morphology, functionality as well as transcriptional 
profile as compared to their 2D-cultured counterparts. 

When suspended in non-adherent cultures, MSCs initially form 
cadherin-dependent loose bonds [59] followed by cytoskeleton 
actomyosin-dependent contraction of aggregates [60]. Cell size is 
smaller, cell situated inside the aggregate are round while those from 
the outer layer cells have a more elongated shape, with an overall 
decrease of cytoskeletal molecules [61]. Cells within spheroids 
are interconnected with other cells and ECM molecules. Interface 
connection Young’s elasticity modulus is less than 0.1 KPa compared 
to adherent cultures where the same parameter is in the range of 
several GPA [62]. Cell size and morphology, cytoskeleton tension 
as well as the mechanical properties of the substrate are known 
to influence MSCs differentiation potential [63]. MSCs retrieved 
from long term spheroid culture “mesenspheres” displayed more 
robust osteo- and adipogenesis capabilities (matrix mineralization 
and cytoplasmic lipid accumulation) when compared to MSCs 
maintained in 2D [64]. Aggregate culture of MSCs was shown to 
influence cellular phenotype, modifying gene expression profile and 
inducing epigenetic changes. 

There are major differences in gene expression profile of human 
MSCs in spheroid culture as compared to 2D. DNA microarray 
revealed up-regulation of genes related to hypoxia, inflammation, stress 
response including VEGF, cathepsins, angiopoietin2 (ANGPT2), and 
FGFs, this is possibly explained by the fact that some in the cells from 
the innercore of the spheres are hypoxic [65]. Calcium-associated 
genes were found to be more numerous in 3D-cultured MSCs calcium 
associated receptors 5-hydroxytryptamine receptor 2A and 7 (HTR2A 
and HTR7) and other intracellular calcium modulators could be 
implicated in cytoskeleton rearrangement while calcium dependent 
intracellular signaling molecules such as MAP3k8 (mitogen-activated 
protein kinase 8) could be implicated in transduction of G-coupled 
proteins initiating signals that promotes actin reorganization and cell 
migration. As expected, genes controlling cell-to-cell adhesion were 
as well found to be up-regulated on MSCs aggregating on chitosan 
membranes including cadherins, cell adhesion molecules (CAMs), 
Notch, and cadherin 18 (CDH18). Chemokines and chemokine 
receptors such as CXC motif chemokine receptor 4 and 7 (CXCR4 and 
CXCR7), receptors of stromal derived factor-1 (SDF1 or CXCL12) 
implicated in cell proliferation, migration and differentiation are as 
well up-regulated in 3D cultured MSCs. Genes associated with cell 
fate decision, transforming growth factor beta 3 (TGF β3) bone 
morphogenetic protein (BMP2), hepatocyte growth factor (HGF) 
insulin-like growth factor 1 receptor (IGFR1) were as well found to 
be up-regulated, this possibly explains the enhanced differentiation 
potential. A higher fold increase of anti-inflammatory interleukins 
-IL1RN (interleukin 1 receptor antagonist), IL4I1 (interleukin 
4 induced gene 1 compared to pro inflammatory ones IL1A 
(interleukin 1 alpha), IL1B (interleukin 1 beta), IL33 (interleukin 33), 
and TNFSF13B (tumor necrosis factor ligand super family member 
13B) and of Leukemia inhibitor factor (LIF) and its receptor subunit 
could explain the increased anti-inflammatory as well as antitumor 
properties of 3D-cultured MSCs [66]. 

As assessed by RT-PCR, spheroid cultured placental MSCs 
spheroid hMSCs showed increased mRNA levels of octamer-binding 
transcription factor 4 (OCT-4) sex determining region Y)-box 2) 
(Sox-2) homeobox protein Nanog (Nanog) and telomerase reverse 
transcriptase (TERT) genes, explaining their enhanced clonogenic 
and proliferation capabilites demonstrated after dissociation [67]. A 
note of caution needs to be taken into account when interpreting the 
quantitative results of gene expression analysis performed by qPCR 
in experiments involving MSCs spheroids. As cytoskeleton-related 
gene expression is known to be down-regulated, it is preferable to 
use a different internal normalize than-actin (ACTB) in order not to 
overinterpret upregulated genes [33]. 

Epigenetic profiles were as well found to be modified in 3D 
cultures. Increased expression of miR-489, miR-370 and miR-433 is 
shown to be associated with stem cell pluripotency and differentiation 
potential [62] as well as increased histone H3K9 acetylation levels in 
the promoter regions of pluripotency genes OCT-4, Sox-2, Nanog 
and TERT [68].

Spheroid MSCs and their Relevance for Translational 
Regenerative Medicine 

Due to their biological characteristics, MSCs are considered 
as a valuable cell source for RM. MSCs differentiation capabilities 
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represent the biological basis for the structural effect in recomposing 
damaged or diseased tissues [69,70]. MSCs have been shown to exert 
cytokine-mediated paracrine effects contributing to tissue repair by 
means of the so-called trophic effect on the host and by recruiting local 
cell populations to induce repair [71]. MSCs are also endowed with 
immunomodulatory properties capable to restore tissue homeostasis 
and favor repair [72]. 

Spheroid culture has been shown in various studies to enhance 
MSC differentiation potential, cytokine release, angiogenetic effect 
and tissue repair capabilities enabling the cells to display enhanced 
stemness and cell survival after implantation [33].

Rat MSC spheroids were shown to display enhanced osteogenesis 
compared to monolayer cells cultivated in vitro. Enhanced cell 
survival and in vivo osteogenesis after implantation within a rat 
model of calvarial defect demonstrated the superior osteoregenerative 
capabilities of scaffold free 3D-cultured cells [73]. When cultured 
in vitro in specific differentiation media, adipose-derived MSCs 
(ADSCs) displayed increased markers of osteogenesis: runt-related 
transcription factor-2 (runx-2), adipogenesis: lipoproteinlipase (LPL) 
and peroxisome Proliferator-Activated Receptor Gamma (PPRG) and 
chondrogenesis (collagen II and aggrecan) [74]. Moreover, ADSCs as 
floating sphere were proven to transdifferentiate to ectodermal and 
endodermal lineages [75]. Exposed to media containing hepatocyte 
growth factor (HGF) fibroblast growth factor (FGF) 1 and 4, floating 
ADSCs spheres were shown to differentiate to functional hepatocite-
like cells capable of producing urea and of storing glycogen that 
could integrate in vivo in liver structures [76,77]. In media containing 
nicotinamide, HGF, activin-A and pentagastrn, ADSC spheroids 
could be induced to pancreatic islet-like cells that could produce 
insulin somatostatin and glucagon [78]. Cultured in serum-free 
neurobasal media containing epitelial growth factor (EGF) and FGF, 
ADSC spheroids could be converted to „neurospheres” and induced 
to differentiate to neurons [79] and peripheral glial cells [80].

ADSCs could be differentiated as well to Schwann-like cells having 
similar features and function to primary Schwann cells in vitro and in 
vivo. This could support the application of autologus transplantation 
of these cells for treating spinal cord [81] or peripheral nerve injuries 
[82]. ADSCs were as well differentiated to neurotrophic factor secreting 
cells (NTF-SCs) that could be transplanted or induced to migrate 
towards neural lesions aiming to treat neurodegenerative diseases 
such as Hungtington’s [83] or Parkinson’s disease [84]. Short-time 
culture of ADSCs as spheroids in serum-free media after longer time 
(6 passages) culture in monolayer was able to increase clonogenicity 
and differentiation potential to neural lineages by increasing the level 
of miRNAs involved in multipotency and differentiation. Conversion 
to 3D culture could be of interest for improving cell manufacturing 
protocols for treating neurodegenerative diseases [61].

Spheroid culture of MSCs prevents replicative senescence and 
contributes to preservation of stemness as expressed by colony 
formation potential [85], supporting the usefulness of this culture 
system for clinical applications of MSC-based therapies. 

Human BMMSCs grown as spheroids were found to be more 
effective than 2D-cultured populations in suppressing inflammatory 
responses in co-culture with lipopolyssacharide (LPS) activated 

macrophages and in a mouse model of peritonitis. BMMSCs spheroid 
displayed enhanced expression of anti-inflammatory proteins TNF-α 
stimulated gene/protein 6 (TSG-6) and stanniocalcin-1 (STC-1) as 
well as anticancer proteins IL-24, TNF-α-related apoptosis inducing 
ligand, and CD82. Moreover, in the same study, cells originating 
from spheroid culture had one-fourth of the volume of 2D-cultivated 
cells this possibly explains their higher lung trafficking potential and 
increased organ distribution after intravenous delivery [86]. Increased 
levels of prostaglandin E2 (PGE2) were found in conditioned 
medium (CM) from MSCs spheroid compared to human fibroblast 
spheroids Spheroid MSC CM was efficient in preventing LPS 
activated macrophages from secreting pro-inflammatory cytokines 
TNF-α, CXCL2, IL6, IL12p40, and IL23 [87]. 2D-culture-expanded 
MSCs are shown to be activated by spheroid formation to produce 
anti-inflammatory factors (TSG-6, STC-1, and PGE2) for potential 
use for clinical applications in immune modulation [88]. 

However, it is to be noted that the use of serum-free media 
formulations do not result in MSCs spheroids with anti-inflammatory 
properties [33]. The cause of this variability is yet to be elucidated 
as it is crucial for the design of xenofree clinical grade cells and for 
standardization of manufacturing protocols [89].

CM collected from human MCSc cultivated as spheroids were 
more effective than CM from adherent cultures in stimulating 
human umbilical vein endothelial cells (HUVECs) proliferation, 
migration, and basement membrane invasion. The VEGF and 
angiogenin mediated in vitro angiogenetic effect on HUVECs showed 
little variation when MSCs shperoids were cultivated in serum-free 
conditions [59]. Increased release of angiogenetic cytokines and 
pro-angiogenetic growth factors such as FGF2 or HGF by MSCs 
spheroids [90] could explain the in vivo potential for tissue repair 
and revascularization. Thus, in a mice model of hindlimb ischemia, 
direct transplantation of human cord blood mesenchymal stem 
cells (hCBMSCs) significantly increased the number of microvessels 
and smooth α-actin positive vasculature compared to untreated 
controls [91]. Enhanced angiogenesis and faster healing as well as 
significantly increased cell engraftment of spheroid precultivated 
ADSCs compared to 2D counterparts was reported in a mouse model 
of unhealing skin wound [92]. 

As oposed to monolayer expanded cells, MSCs from 3D culture 
did not produce embolism after intra carotidian delivery in a rat 
model with stroke. Improved reduction of cerebral infarctation 
size (70%) was reported in this study, as well as evidence of direct 
contribution of injected cells to newly formed neurons and increased 
presence of endogenous glial fibrillary acidic protein-positive (GFAP) 
neural progenitors surrouding the infactation zone [93].

Substantial decrease of MSCs spheroids entrapped in lungs after 
intravenous delivery by reduced integrin (β1, integrin α5, or integrins 
αVβ3) expression compared to monolayer cultivated cells [87] could 
recommend their use for systemic delivery of cell therapies.

Taken together, evidence exist for improved cell survival after 
delivery, enhanced engraftment, pro-angiogenetic cytokine release 
and tissue regeneration potential of MSCs spheroids. However, 
controversial reports ask for better understanding of self aggregation 
phenomena and its influence on cell phenotype. Thus, 3D-cultured 
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MSCs were found to generate local microgliosis, decreased tyrosine 
hydroxylase (TH) levels and reduced new cell formation in substantia 
nigra of a rat model of Parkinson’s disease failing to improve motor 
neuron functions compared to monolayer cultivated cells [94]. The 
influences of aggregate culture on cell characteristics especially after 
in vivo transplantation should be therefore carefully assessed in 
respect to a particular clinical application. It should also be noted that 
cellular self-formed aggregates from one side, do not fully reporduce 
the complexity of a tissue and could introduce cell phenotype that is 
incompletelly known, from the other side. Functional particularities 
of such cells both in vitro and after implantation in vivo needs to be 
better understood before forwarding their use to clinical applications. 

Conclusion 
Three dimensional cell cultures allows for enhanced reproduction 

of complex intercellular and cell-ECM communication, more closely 
reproducing the natural environment. Increasing numbers of studies 
are reporting the superiority of MSCs biological features, enhanced 
cell survival after transplantation as well as higher impact on tissue 
regeneration.

However, complete genetic and epigenetic profiling of MSCs from 
various sources needs to be performed in order to enable prediction 
of their behavior after implantation. This will allow the elucidation 
of important questions about modified cell biology in this particular, 
artificially created state. Suspension culture of mesenchymal cells 
that are in normal condition anchorage dependent and adoption 
of spherical shape could induce a rearrangement of cytoskeleton, 
potentially involved in regaining in earlier stages of potency via a 
mechanism E-cadherin mediated. While this is a hypothesis that needs 
to be confirmed, it would require further attention. The influence of 
cytoskeleton changes the responsibility of the modified cell shape 
and physical properties of cell stemness need to be better understood 
before using these cells as therapeutic agents. Manipulation of 
cell population with non-defined reacquired pluripotency can be 
hazardous and any potential of tumorigenesis has to be clearly ruled 
out. The molecular basis of spheroid variability in relation to culture 
media changes, especially the presence of serum, is another aspect 
that needs to be more scrutinized. Comparative studies of serum and 
serum-free cytokine release and differentiation potential of MSCs 
spheroids are needed to clarify their therapeutic role and to scale up 
cell manufacturing for clinical application. 
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