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Abstract: Human mesenchymal stem cells (MSCs) are considered to be a promising source 

of cells in regenerative medicine. They have large potential to differentiate into various tissue-

specific populations and may be isolated from diverse tissues in desired quantities. As cells of 

potential autologous origin, they allow recipients to avoid the alloantigen responses. They also 

have the ability to create immunomodulatory microenvironment, and thus help to minimize 

organ damage caused by the inflammation and cells activated by the immune system. Our 

knowledge about the reparative, regenerative, and immunomodulatory properties of MSCs is 

advancing. At present, there is a very comprehensible idea on how MSCs affect the immune 

system, particularly in relation to the tissue and organ damage on immunological basis. Hitherto 

a number of effective mechanisms have been described by which MSCs influence the immune 

responses. These mechanisms include a secretion of soluble bioactive agents, an induction of 

regulatory T cells, modulation of tolerogenic dendritic cells, as well as induction of anergy 

and apoptosis. MSCs are thus able to influence both innate and adaptive immune responses. 

Soluble factors that are released into local microenvironment with their subsequent paracrine 

effects are keys to the activation. As a result, activated MSCs contribute to the restoration of 

damaged tissues or organs through various mechanisms facilitating reparative and regenera-

tive processes as well as through immunomodulation itself and differentiation into the cells 

of the target tissue. 

Keywords: stem cells, migration, bioactive factors, immunomodulatory microenvironment, 

regulatory T cells, tissue regeneration

Introduction 
Mesenchymal stem cells (MSCs) were originally described as an adherent population 

of fibroblast-like cells located in the bone marrow which are capable of osteogenic 

differentiation.1 Subsequently, it was shown that these multipotent cells can be found in 

all tissues that are capable of regeneration and are located typically in the perivascular 

niches as pericytes expressing CD146.2 However, not all MSCs can be considered 

equivalent to pericytes, nor all pericytes have characteristic MSCs properties.3 

Nowadays, MSCs are routinely isolated from tissues such as adipose tissue, periph-

eral blood, umbilical cord, placental membranes, and many others.4–7 These cells have 

a remarkable ability to proliferate in vitro; hence, it is possible to harvest quickly the 

required number of cells either for experimental use or for targeted cell therapies. 

MSCs play a key role in homeostasis maintenance and maturation of hematopoietic 

cells in the bone marrow.8
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MSCs were initially characterized according to their 

clonogenic potential represented by the ability to create 

colony-forming units-fibroblasts (CFU-F). The frequency 

of CFU-F in the bone marrow is around one cell in 104–105 

mononuclear cells.9 The MSCs are characterized by the 

expression of various surface antigens,10 but none of them 

seem to be expressed exclusively by MSCs. Therefore, the 

International Society for Cell Therapy issued guidelines by 

which MSCs are defined on the basis of the following three 

criteria:11

1. MSCs have to be adherent to the culture on plastic under 

standard tissue culture conditions. 

2. MSCs must express surface markers such as CD44, 

CD71, CD73, CD90, and CD105 but lack the expressions 

of CD11b, CD14, CD19, CD34, CD45, CD79α, and co-

stimulatory molecules CD80 and CD86. They also have to 

exhibit low expression levels of major histocompatibility 

complex (MHC) class I. 

3. MSCs must have the ability to differentiate in vitro into 

osteoblasts, chondrocytes, and adipocytes. 

These main characteristics apply in general to the cultured 

bone marrow-derived MSCs (BMSCs), but some differences 

seem to be related to the tissue origin. As various phenotype 

and function studies revealed, MSCs isolated from different 

sources are not exactly equivalent and represent a highly 

heterogeneous populations of cells which are dramatically 

affected by various extrinsic and intrinsic factors.12 Therefore, 

safety, efficacy, reproducibility of MSCs production, and 

compliance with Good Manufacturing Practices criteria must 

be ensured. Hence, the most concerned questions refer to donor 

eligibility and screening, various types of isolation/enrichment 

protocols, open cultivation systems versus bioreactors, usage 

of different reagents, particularly media and supplements 

with/without animal or human origin, and controls ensuring 

safety and traceability of the final product. However, some 

other important issues such as adequate facility criteria, 

environmental controls, and cell storage concerns should also 

be addressed.13,14 Thus, in recent years, many efforts have been 

made to establish optimized protocols for Good Manufacturing 

Practices compliant preparation of MSCs, develop tools 

and define markers for their characterization, and describe 

and influence their differentiation and immunomodulatory 

potential in vitro and in vivo.

Typical feature of MSCs is their ability to differentiate 

into many cell types that are not only of mesenchymal origin. 

However, the process of differentiation requires action of 

specific growth factors and chemical mediators.8 Besides 

these, the process of differentiation is affected by many other 

factors such as density of cells and their arrangement,15–17 

tissue origin from which MSCs are isolated,7 donor age,18 

stage of the culture and passage,19–21 variety of electrical and 

mechanical forces involved,16,22–24 and physical properties of 

a substrate or carrier.24–26 

One of the major characteristics of MSCs is that they 

have migratory abilities,27 that is, after administration, they 

specifically migrate to the sites of inflammation and tissue 

damage which is typically associated with cytokine out-

burst28,29 (Figure 1).

 MSCs secrete a wide variety of different growth factors, 

cytokines, and adhesion molecules by which they affect the 

microenvironment of the inflamed and degenerating target 

tissue and thus maintain positive paracrine effect on the tissue 

repair.30,31 Since MSCs exhibit significant immunomodulatory 

properties, they are able to escape the immune system 

recognition mechanisms and modulate the defense mechanisms 

of the host. Considering their low immunogenicity, MSCs are 

poorly recognized by human leukocyte antigen incompatible 

hosts.30,32 Therefore, they may well perform specific tasks 

such as immunomodulators in the maintenance of peripheral 

or transplantation tolerance, in autoimmune response, and 

tolerance between mother and fetus.8,33,34 The MSCs are 

able to influence many functions of activated T cells,35 B 

cells,36 and NK cells37 and can also affect the functions of 

dendritic cells (DCs),38,39 monocyte/macrophages,40,41 and 

neutrophils and mast cells42,43 (Figure 2). MSCs can mediate 

their immunomodulatory activity in a numerous models, such 

as graft versus host disease (GvHD),34,44 diabetes mellitus 

type 1,45,46 experimental autoimmune encephalomyelitis 

(EAE),47 model of contusive spinal cord injury and its 

subsequent inflammation-related damage,48,49 and many 

others.33 They may also act as primary matrices in the tissue 

repair processes caused by the inflammation and injury.50,51 

Because of high affinity to the tumor tissue, MSCs can also 

serve as the targeted carriers of therapeutic agents, as part of 

the tumor stroma in anticancer therapy.52,53 

Activities of MSCs in damaged 
tissue environment
A key factor of multicellular organism survival is the mainte-

nance of homeostatic balance. Under normal circumstances, 

apoptotic cells are removed, without causing inflammation, 

by resident phagocytic cells. On the other hand, acute tissue 

damage is usually accompanied with inflammation and cell 
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components released from necrotic cells, and microvascular 

damage leads to the increased vasopermeability and sub-

sequent infiltration of macrophages and neutrophils.54 The 

process of necrotic cell phagocytosis leads to the release of 

pro-inflammatory mediators, such as interferon-γ (IFN-γ), 

tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1), vari-

ous chemokines, leukotrienes, and free radicals.55 Besides 

the innate immune response, damage and repair of tissues 

is closely associated with the action of the adaptive immune 

response involving CD4+ and CD8+ T cells and B cells.54 

In recent years, MSCs have been recognized as one of the 

adult stem cell types, which actively participate in a tissue 

damage repair processes.50,51 In a case of tissue damage, the 

MSCs located in immediate vicinity or originated from bone 

marrow begin to migrate to the site of injury.28,29 Once the 

MSCs reach an injury site, they must cooperate closely with 

various types of stromal and inflammatory cells in order to 

participate in damage repair and regeneration processes.51,56 

It has been shown that there are mutual interactions between 

the MSCs and inflammatory cells, which at the end determine 

the results of damaged tissue repair processes mediated by 

MSCs. These undergoing mechanisms are very complex 

where modulatory factors produced by the MSCs play the 

major role (Figure 2). However, these mechanisms differ 

between various species.31,57 Many of these factors are 

released into exosomes, the small membranous vesicles 

participating in cell to cell communication. Regarding the 

repair and regeneration of damaged tissue, the exosomes from 

MSCs have similar functions as the MSCs, but little is known 

about the immunomodulatory effect of these vesicles.58 

Several studies have demonstrated that MSCs are capable 

of producing a wide range of growth factors such as trans-

forming growth factor-β (TGF-β), hepatocyte growth factor 

(HGF), epidermal growth factor, fibroblast growth factor 

(FGF), vascular endothelial growth factor, platelet-derived 

growth factor (PDGF), insulin-like growth factor 1 (IGF-1), 

stromal cell-derived factor 1 (SDF-1), and angiopoietin-1.30 

Many of them are generated on the principle of nuclear 

factor-κB (NF-κB) activation, after prior exposure to the 

pro-inflammatory stimuli such as IFN-γ, TNF-α, IL-1β, 

lipopolysaccharide (LPS), or hypoxia.59 These growth factors 

subsequently promote the development of tissue progenitor 
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Figure 1 Mechanisms of MSC homing toward damaged tissue.
Abbreviations: MSC, mesenchymal stem cell; VLA-4, very late antigen-4; VCAM-1, vascular cell adhesion molecule 1; FN, fibronectin; HA, hyaluronic acid; JAM, junction 
adhesion molecule; MMP-2, matrix metalloproteinase-2; bFGF, basic fibroblast growth factor; SDF-1, stromal cell-derived factor 1; ECM, extracellular matrix.
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cells, fibroblasts, and endothelial cells which then support 

tissue regeneration and repair.57

After an adequate pro-inflammatory stimulation, MSCs 

are also able to produce other important immunomodula-

tory factors such as prostaglandin E2 (PGE-2), indoleamine 

2,3-dioxygenase (IDO), nitric oxide (NO), TNF-inducible 

gene 6 protein, TGF-β, and many others.30,31 There is also 

modification in the expressions of surface molecules, such as 

galectins, intracellular adhesion molecule 1 (ICAM-1), and 

vascular cell adhesion molecule 1 (VCAM-1).30,31 

Within the course of action, MSCs are capable of in 

vitro and in vivo modulation of many types of immune cells. 

The ability to modulate the immune response is mediated 

by the action of complex mechanisms related mostly to the 

production of immunosuppressive trophic factors (Figure 2). 

The MSCs are able to inhibit the proliferation of T helper 

(Th) and cytotoxic T cells through multiple pathways. 

Moreover, induction of  Th 2 and regulatory T cells (Treg) 

differentiation result in the induction of an anti-inflammatory 

 environment.35 The maturation of immature dendritic cells 

(iDCs) is inhibited by IL-6, while reduction in the expres-

sion of co-stimulatory molecules CD40, CD80, and CD86 

could cause an inhibition of T cell activation.35,39 Through 

the actions of MSCs, monocytes are directed to differenti-

ate into alternative anti-inflammatory M2 phenotype. The 

most important mechanisms involved in this process are the 

effects induced by IDO, TGF-β, IL-10, and PGE-2.41 IL-10 

produced by M2 macrophages may subsequently increase 

the frequency of Treg cells associated with the decrease of 

tissue neutrophil migration.41 The MSCs are also able to 

inhibit the proliferation of NK cells as well as limit their 

cytotoxic activity and cytokine secretion.37 Correspondingly, 

the proliferation of B cells and antibody production are also 

negatively influenced.36 

MSCs also have the ability to induce complement acti-

vation. It has been observed that high levels of activated 

C3 correlate with increased immunomodulatory capacity 

of the MSCs.60 In addition, MSCs express the complement 
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Figure 2 Immunomodulatory action of activated MSCs. 
Notes: Red arrow: stimulation; black arrow: suppression; blunt-ended arrow: direct inhibition.
Abbreviations: iDC, immature dendritic cell; IL, interleukin; HGF, hepatocyte growth factor; TGF-β, transforming growth factor-β; PGE-2, prostaglandin E2; IDO, 
indoleamine 2,3-dioxygenase; NO, nitric oxide; PD-L1, programmed death ligand 1; hMSC, human mesenchymal stem cell; Treg, T regulatory; Th, T helper; CTL, cytotoxic 
T cell; mDC, mature dendritic cell; PD-1, programmed cell death protein 1; PMN, polymorphonuclear leukocyte; NK, NK cell.
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 regulating protein CD59 and complement factor H which 

protects cells from lysis.60,61 

Therefore, MSCs have the potential to suppress uncon-

trolled immune responses, by in situ downregulation of the 

inflammatory response. Thus, it can be said that the immu-

nomodulatory action of MSCs takes place in the microen-

vironment where inflammatory factors produced during the 

immune response directly affect the immunomodulatory 

capacity of MSCs.30,31,57 

Additionally, aside the immunomodulatory actions, 

MSCs also contribute to reparation and regeneration of 

damaged tissue with their differentiation potential. As seen 

in the study by Spakova et al, focused on immunomodulatory 

and regenerative properties of MSCs in osteoarthritis model 

in vitro, kartogenin (KGN) may be an effective accelerant 

promoting chondrogenic differentiation of MSCs but with 

no significant effect on hypertrophic differentiation. KGN 

caused an upregulation of Col II and aggrecan expression and 

downregulation of osteocalcin and MMP-13 and caused an 

increase in the expressions of chondrogenic markers (CD49e, 

CD26, and CD54) compared to control.62

Activation of  immunomodulatory 
capacity of MSCs
For the experimental and potential clinical applications, 

MSCs are typically used after various passages after in vitro 

expansion. Thus, their phenotype, differentiation, and immu-

nomodulatory potential may significantly change during an in 

vitro expansion.19,20 Moreover, the therapeutic effects of the 

MSCs may differ due to the complexity and specific action 

of damaged tissue microenvironment.

Several results indicate that MSCs are not spontaneously 

immunosuppressive but that they require activation for the 

manifestation of their immunomodulatory properties. In 

particular, the most important priming factors of MSCs are 

IFN-γ, TNF-α, and IL-1β.63–65

One of the first modulatory factors that are produced 

after the T cell activation is IFN-γ. This cytokine would 

normally provide stimulatory signal for the activation and 

expansion of T cells, but in the presence of MSCs, it leads 

to the suppression of T cell proliferation and inhibition of 

biological functions.35 The release and binding of IFN-γ on 

receptor expressed by the MSCs are key steps for the induc-

tion of the immunomodulatory properties not only for vari-

ous T cell subtypes but also against B and NK cells, which 

are usually unresponsive to the IFN-γ action in the absence 

of MSCs.35,36,39 Equally important factors that affect MSCs 

polarization are the concentration of IFN-γ and  contemporary 

release of inflammatory cytokines. It has been shown that 

MSCs modified by IFN-γ can not only function as cells 

with immunomodulating properties but also act as effective 

antigen-presenting cells (APCs).66,67 However, the in vitro 

findings are difficult to associate with the in vivo microenvi-

ronment because of complexity and impossibility to measure 

IFN-γ at the local level. 

The next step involved in the activation of immunomodu-

latory activities of MSCs is the release of inflammatory cyto-

kines such as TNF-α and IL-1β which alone are not able to 

inhibit T cell proliferation mediated by the MSCs.68 Synergic 

effect of IFN-γ with one of the pro-inflammatory cytokines is 

then sufficient to activate the MSCs. This is associated with 

significant augmentation of the immunosuppressive effect.68 

After either TNF-α or IL-1β action, there is a significant 

change in the MSCs phenotype. This includes an induction 

of MHC class I expression and increase of ICAM-1 and 

VCAM-1 expressions.69 There is also a de novo expression 

of MHC class II molecules that could theoretically support 

the APC function of MSCs. Additionally, the expression of 

programmed death ligand 1 (PD-L1) is detected.65,68,70 During 

the synergistic action of IFN-γ and TNF-α, stimulation of 

IL-8, IL-6,71 HGF, and PGE-2 expression and cyclooxygen-

ase-2 (COX-2) activity can be observed.72 On the contrary, 

the use of IFN-γ alone may result in the induction of IDO 

and PD-L1 expressions.65,72 

The activation of human MSCs by pro-inflammatory 

stimuli, through the induction of COX-2 has a reducing 

impact on the heme oxygenase-1 (HO-1) activity. This action 

negatively influences the suppressor effects of MSCs, induc-

tion of Treg, and subsequent IL-10 production.64 Activation 

of MSCs through the interaction of IFN-γ and TNF-α leads 

to the activation of superoxide dismutase 3, which is an 

anti-inflammatory enzyme involved in the O
2

− catabolism.73 

Moreover, the coactivation of MSCs by IFN-γ and TNF-α 

induces the production of chemokines, such as CCR5, 

CCR10, CXCR3, CXCL9, and CXCL10, which are involved 

in chemotaxis and can inhibit proliferation of the immune 

system effector cells.68,71 These processes are essential for 

the inhibition of T cell function in vitro as well as for the 

prevention of delayed type hypersensitivity and GvHD in 

vivo.34,44 Through the complex interactions between the 

pro-inflammatory factors, the production and activity of 

various immunomodulatory molecules produced by MSCs 

are established.30,31 

Besides these pro-inflammatory cytokines, in relation 

to the activation of MSCs, signaling through the Toll-like 

receptors (TLRs) was also previously described.74 The 
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MSCs priming through the TLR3 and TLR4 resulted in an 

intensification of their in vitro immunomodulation capacity. 

The MSCs were thus able to function through the expres-

sion of IDO induced through protein kinase R and IFN-β 

signaling.75 However, the opposite effect was also observed. 

Binding of TLR3 and TLR4 ligands has reduced the expres-

sion of Jagged-1 which leads to the failure of MSCs’ abil-

ity to modulate T cell responses on cell contact-dependent 

manner.76 Explanation of these different outcomes may be 

based on the findings that TLR3 and TLR4 activate MSCs in 

different ways. Activation through TLR4 with LPS induced 

the pro-inflammatory phenotype of MSCs where secretion 

of IL-6, IL-8, and TGF-β was intensified by co-stimulation 

with IFN-γ.77–79 On the other hand, activation through TLR3 

with polyinosinic:polycytidylic acid (poly I:C) induced 

anti-inflammatory phenotype of MSCs where production of 

IDO, PGE-2, IL-4, and IL-1RA was detected.77,79 Similarly, 

in a recent work, there were observed important changes 

in the expression of immunomodulatory factors and adhe-

sion molecules of chorion derived MSCs activated through 

TLR3–poly I:C interaction, after further cocultivation with 

activated lymphocytes. In particular, a great increase in 

IL-10 expression and positive changes in CD44 and ICAM-1 

expression were also observed (Bačenková, unpublished data, 

2016). These findings suggest that MSCs are susceptible to 

various environmental stimuli which significantly affect the 

activation of MSCs and their subsequent immunomodulatory 

functions.63,74 

Migration of MSCs to the site of 
injury 
Migration process is represented by several distinctive steps 

and starts with the resistance and adhesive interactions 

between cells flowing through the bloodstream and vascular 

endothelium. The first step is mediated by the homing recep-

tors expressed on circulating cells which interact with the 

corresponding co-receptors presented on endothelium. Their 

interaction leads to the connection of circulating cells to the 

endothelium and induces rolling effect on the cell surface. 

This step is usually associated with chemokine-induced 

activation of integrins, tight adhesion of circulating cells to 

endothelium, and subsequent extravasation.28,29 

For the successful targeted cell therapy, it is critically 

important to control cell adhesion to the target tissue 

extracellular matrix (ECM) through the expression of spe-

cific adhesion molecules.28,29,69 The MSCs express a large 

number of adhesion molecules which include integrins and 

selectins. Heterodimeric protein α4/β1 integrin, also known 

as a very late antigen-4 (VLA-4), is a member of integrin 

family and a cell surface adhesion molecule that mediates 

the cell–matrix or cell–cell interactions. These interactions 

are provided through binding to the VCAM-1 and V-region 

of fibronectin.80 The MSCs also express CD44 molecule 

which is a receptor for the hyaluronic acid and can interact 

with other ligands such as osteopontin, collagens, and matrix 

metalloproteinases (MMPs).29,81

It has been shown that α4/β1 is one of integrins that can 

mediate initial interaction, rolling, and firm adhesion dur-

ing the process of MSCs homing28,29 (Figure 1). The MSCs 

interact with endothelial cells in a coordinated manner 

through the α4/β1 integrin−VCAM-1 interaction, β1 inte-

grin, P-selectin, MMP-2, and a cytokines secretion.82 It has 

also been shown that VCAM-1 promotes adhesion of many 

other cells types and is the primary endothelial ligand for 

α4/β1, β1, and α4/β7 integrin.83 Its over-expression occurs 

in endothelial cells as a response to the action of the TNF-α 

and IL-1β cytokines.69,84 

Another factor involved in the homing process is fibronectin 

(FN), which binds to the ECM components such as collagen, 

fibrin, and heparan sulfate. These interactions play a fundamen-

tal role within the processes of cell adhesion, growth, migration, 

differentiation, and wound healing.85 The FN fragmentation ini-

tiates additional exposure of the V-region containing a binding 

site for the α4/β1 integrin expressed on the MSCs. These FN 

fragments cause an increase in bonding strength of the α4/β1 

integrin-expressing cells, thus allowing them to adhere to the 

surrounding matrix.80,85 Interaction between α4/β1 integrin and 

FN plays an important role in the process of transmigration of 

MSCs into the ECM. Final step in the process of transmigration 

of MSCs into ECM is also facilitated through the interactions 

of MSCs with integrins, junction adhesion molecules (JAMs), 

and cadherins86 (Figure 1).

It was found that the migration ability of MSCs is under 

the strict control of a wide range of growth factors such as 

PDGF or IGF-1 operating under the receptor tyrosine kinase 

principle. However, the findings of the present study suggest 

that only a limited number of BMSCs used in systemic trans-

plantations possess homing capacity toward injured tissue. 

A molecular signature that defines this population has been 

identified, and a surface marker PDGFRβ can be employed 

for potential isolation of the BMSCs with enhanced migra-

tory capacity.87 Recent data also demonstrate functional 

association between in vivo bone forming ability and homing 

capacity of BMSCs. Therefore, PDGFRβ can be used as a 

potential marker for future selection of BMSCs populations 

with high migration and bone formation capacity.87
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Various chemokines such as CCR2, CCR3, CCR4, and 

CCL5 are also involved in the homing process.28,29,88 However, 

the resulting effect of most chemokines is more intensive after 

the stimulation with TNF-α and IL-1β.89 Findings suggest 

that the mobilization and subsequent migration of MSCs to 

the site of injury depend on the state of local and systemic 

inflammatory microenvironment28,29,89 (Figure 1). 

Migration process is from a large part dependent on the 

chemokine attraction. A key molecule in this step is SDF-1, 

also known as CXC chemokine ligand 12 (CXCL12). It 

is a small chemotactic cytokine that is often induced by 

pro-inflammatory stimuli such as TNF-α and IL-1.28,29 

The receptor for this chemokine is CXCR4, and the SDF-1−

CXCR4 interaction is rather exclusive and plays an important 

role in the migration process of MSCs29,81 (Figure 1). Since the 

SDF-1 is constitutively expressed on various cells and tissues, 

it was suggested that this molecule may play a preferable role 

in immune surveillance and basal extravasation.90 

It is also well known that culture conditions significantly 

influence the functions of MSCs. Since exogenously 

administrated MSCs always have to be expanded in vitro, 

it has been observed that MSCs can acquire or lose certain 

surface receptors during the cultivation which might 

subsequently affect their homing ability.27,91,92 In particular, 

CXCR4 is expressed at high levels in the bone marrow and 

ischemic tissues but disappears from the MSCs surface 

after cultivation. However, hypoxic culture condition can 

enhance the expressions of CXCR4 and CX3CR1, and the 

addition of cytokines to the MSCs culture can also restore 

the CXCR4 levels.93 

Basic fibroblast growth factor (bFGF) and MMPs are other 

factors that can modulate MSCs homing (Figure 1). bFGF can 

increase the migration activity of MSCs through the activation 

of Akt signaling pathway. However, depending on the bFGF 

concentration, its function can also have the opposite effect 

on MSCs homing. It has been shown that low concentrations 

of bFGF result in the attraction of cells, whereas higher 

concentration has the opposite effect. This ambivalent action 

of bFGF provides another opportunity for targeting the MSCs 

homing.94 MMP-2 is another active molecule expressed by 

MSCs, involved in the degradation of collagen IV, a major 

component of basement membrane. It was shown that MMP-2 

expressed by MSCs is functionally involved in the process of 

transmigration across the endothelium.86,95 

Conclusion 
In the last few years, there have been significant advances in 

the process of understanding the complex steps involved in 

the MSCs-mediated modulation of immune responses. The 

final fate of MSCs in local microenvironment and the precise 

mechanisms through which these cells act in a paracrine 

manner against neighboring somatic and progenitor cells 

are yet to be elucidated in detail. Some of the significant 

immunomodulatory effects are based on distinct properties of 

MSCs. However, to carry out the modulatory functions, MSCs 

have to be primed by pro-inflammatory cytokines. Initial data 

support the paradigm that MSCs are susceptible to the action 

of the microenvironment. This study proposes that both the 

concentration and duration of the stimulus have an important 

role in the process of polarization of MSCs. Therefore, the 

final modulatory activity of MSCs depends on the action 

of various factors associated with the contradictory effects. 

However, in general, these interactions ultimately result in 

functional polarization of the MSCs toward inhibitory and 

less to the pro-inflammatory phenotype. It also seems that 

even long-term implantation, or in some cases even the mere 

location of MSCs within lesion, is not necessary for MSCs 

to exert their immunomodulatory and pro-reparatory ability. 

The MSCs have the potential to modulate and reprogram the 

functions of the immune system cell and thus support the 

host immune defense or inhibit the inflammatory processes. 

Additionally, due to low immunogenicity and ability to 

migrate to the sites of tissue injury associated with cytokine 

outburst, MSCs may serve as carriers for the therapeutic 

agents. As a component of the stroma in some tumors, MSCs 

can be possibly used in  anticancer therapy. However, it is 

necessary to investigate further not only the final mechanisms 

of action but also the series of events occurring at different 

steps of immunomodulation. It is also necessary to address 

the questions how to manipulate and influence MSCs to 

achieve the desired degree of differentiation and how to 

modulate their homing abilities. 
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