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Abstract 

Mesenchymal stem cells (MSCs), coming from a wide range of sources, have multi-directional differentiation ability. 
MSCs play vital roles in immunomodulation, hematopoiesis and tissue repair. The microenvironment of cells often 
refers to the intercellular matrix, other cells, cytokines and humoral components. It is also the place for cells’ interac-
tion. The stability of the microenvironment is pivotal for maintaining cell proliferation, differentiation, metabolism 
and functional activities. Abnormal changes in microenvironment components can interfere cell functions. In some 
diseases, MSCs can interact with the microenvironment and accelerate disease progression. This review will discuss 
the characteristics of MSCs and their microenvironment, as well as the interaction between MSCs and microenviron-
ment in disease.
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Introduction
Mesenchymal stem cells (MSCs) can be isolated from 
a variety of tissues and differentiate into mesodermal 
lineage cells(such as adipocytes, osteocytes and chon-
drocytes) and other ectodermal lineage cells(neuronal 
and neuroglial cells) [1]. MSCs express surface markers 
CD73, CD90 and CD105, but do not express hematopoi-
etic markers CD45, CD34, CD14 and CD79 [2]. MSCs 
that come from different tissues have many common 
surface markers (Table  1).They are widely used in cell 
therapy, tissue engineering and regenerative medicine for 
their self-renewal, pluripotency and immunomodulatory 
properties [3, 4].

Cell microenvironment consists of components which 
directly influence conditions around one cell or group 
of cells. It has direct or indirect impact on cell behav-
ior through biophysical, biochemical, or other ways. 

Generally, cell microenvironment contains extracellular 
matrix (ECM), homotypic or heterotypic cells surround-
ing the single cell, cytokines, hormones, and mechanical 
forces from the movement of the organism or physio-
logical fluids (Fig.  1) [20]. For the microenvironment of 
MSCs, it interacts with MSCs to regulate MSCs pro-
liferation and differentiation [21].MSCs expand in the 
microenvironment and receive growth signals that deter-
mine their cell fate. These signals include the interaction 
among cells, cells and matrix, and the transcriptional 
program of activating and/or inhibiting MSCs genes [22].

Regulation of MSCs on the microenvironment
Immunomodulation
MSCs effects on Macrophage
MSCs regulate macrophages mainly through the 
secretion of soluble factors [23]. For example, MSCs 
can promote the differentiation of macrophages 
from proinflammatory phenotype M1 to anti-inflam-
matory phenotype M2 by secreting prostaglandin 
E2(PGE2),TGF-β and CCL2 [24–26]. Moreover, bone 
marrow MSCs affect macrophages through extracel-
lular vesicles. The extracellular vesicles can reduce 
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colitis in mice by inducing colonic macrophage polari-
zation in the immunosuppressive M2 phenotype [23].

In the liver injury model, MSCs reduce hepatocyte 
damage through increasing the activity of the Hippo 
pathway, which can activate NLRP3 and regulate 
XBP1-mediated NLRP3, leading to the differentiation 
of macrophages from M1 to M2 phenotype [27]. Addi-
tionally, murine adipose-derived mesenchymal stem 
cells (AD-MSCs) were found to upregulate the ratio 
of M2-like cells by increasing the secretion of IL-10 in 
mice [28].

MSCs effects on neutrophils
Neutrophil phagocytic activity can be increased by the 
secretion of IL-17 in MSCs. Bone marrow MSCs reduce 
the production of reactive oxygen species (ROS) in acti-
vated neutrophils, and umbilical tissue-derived MSCs 
reduce inflammatory activity in neutrophils [29].Further-
more, MSCs can inhibit neutrophils infiltration into sites 
of inflammation in a TSG6-dependent manner [30].

Activated human umbilical cord blood-derived MSCs 
can secrete IL-8 and macrophage migration inhibitory 
factors to recruit neutrophils to engulf the MSCs. Those 

Table 1 Surface markers expressed by MSCs from different sources

Sources Surface markers Application prospect

Adipose CD13, CD90, CD105, STRO-1 [5] Osteoarthritis, Multiple Sclerosis[6]

Bone marrow CD90, CD105, CD146, CD271[7] Stroke, Parkinson’s disease, Alzheimer’s disease[8]

Synovial membrane CD44, CD73, CD90, CD105[9] Rheumatoid arthritis, cartilage repair[10]

Perivascular CD90, CD105, CD248, CD271[11] Rheumatoid arthritis, bone regeneration[11, 12]

Umbilical cord blood CD44, CD73, CD90, CD105[13] Ameliorating psoriasis-like skin lesion[14]

Umbilical cord tissue CD44, CD73, CD90, CD105[15] Corneal epithelial repair[15]

Placenta CD29, CD73, CD90, CD105[16] Attenuating spinal cord injury in mice [16]

Menstrual blood CD29, CD73, CD90, CD105[17] Treating critically ill COVID-19 patients [17]

Dental pulp CD73, CD90, CD105[18] Autism spectrum disorder,metatropic dysplasia [19]

Fig. 1 The microenvironment of MSCs. Components of MSCs microenvironment. Green background means extracellular matrix (ECM). MSCs, 
macrophages, fibroblasts and other cells locate in the ECM. MSCs and other cells can interact through cytokines. Hormone in blood vessel enters 
the microenvironment and affects MSCs



Page 3 of 10Liu et al. Stem Cell Research & Therapy          (2022) 13:429  

gathered neutrophils contact or exert paracrine effects on 
other neutrophils, increasing the function and viability 
[31].

When bacterial infection happens, neutrophils go 
through respiratory burst. MSCs can suppress the respir-
atory burst and delay the apoptosis of resting neutrophils 
mediated by IL-6,making more neutrophils survive [32].

MSCs effects on T cells
MSCs can maintain macrophages and dendritic cells in 
an immature or anti-inflammatory state, which prevents 
the activation of effector T cells and promotes the forma-
tion of regulatory T(Treg) cells [33, 34]. MSCs can also 
secret immunomodulation molecules, such as TGF-β1 
[35], leukemia inhibitory factor [36] and indoleamine2,3-
dioxygenase(IDO) [23]. When  CD4+ helper T cells and 
cytotoxic  CD8+ T lymphocytes produce interferon-
γ(IFN-γ),bone marrow MSCs obtain T cell inhibitory 
properties [37].

Human umbilical cord derived MSCs inhibit T lym-
phocyte proliferation and downregulate RORγt mRNA 
and protein expression. Those MSCs also reduce the 
ratio of Th17 cells and increase the ratio of regulatory T 
cells(Treg cells) in the spleen. In addition, they can also 
downregulate RORγt and Foxp3 expression in joints. 
Finally, these regulations lead to improvement of arthri-
tis, delay of radiological progress, and inhibition of syno-
vial hyperplasia in CIA rats [38, 39].

MSCs effects on B cells
As for B cells, adipose tissue derived MSCs can inhibit 
plasma cell formation and promote the production of 
regulatory B cells (Breg cells) [40]. Breg cells that pro-
duce IL-10 have been proved to transform effector  CD4+ 
T cells into  Foxp3+ Treg [41]. In the presence of T cells, 
MSCs can still inhibit the proliferation of B cells [42].

MSCs suppress B cells proliferation through inducing 
G0/G1 cell cycle arrest and secreting Blimp-1, a soluble 
factor for antigen production. The intercellular com-
munication also plays a vital role in MSC-based B cells 
immunosuppression, which is medicated through PD-1 
[43].

Hematopoietic support
In bone marrow, hematopoietic stem cells (HSCs) and 
MSCs are closely related. Human HSCs surface markers 
include  CD34+,  CD90+ and  CD105+. They can differ-
entiate into myeloid cells, lymphocytes, erythrocytes or 
megakaryocytes [44].

The bone marrow microenvironment protects hemat-
opoietic characteristics, such as survival, self-renewal 
and differentiation of HSCs, and maintains the normal 

function of the blood system under normal and stress 
conditions [45].

Bone marrow MSCs regulate their microenvironment 
through a variety of pathways. Notch ligands in MSCs 
play an important role in the survival and proliferation 
of hematopoietic stem cells through Wnt pathway[46].
In the early stage of primary bone marrow fibrosis, the 
original hematopoietic support and self-characteristic 
related gene expression of MSCs began to decrease sig-
nificantly. Extracellular matrix secretion, ossification and 
myofibroblast related gene expression began to increase 
significantly. MSCs secrete extracellular matrix(including 
collagen, matrix bodies, etc.) and differentiate into fibro-
blasts through TGF-β signal related pathways to drive 
bone marrow fibrosis [47].

Dysfunction of bone marrow MSCs is associated with 
the impaired bone marrow microenvironment that pro-
motes leukemia development. Bone marrow MSCs treat-
ment can reduce tumor burden and prolong survival 
in leukemia-bearing mice.  Donor bone marrow MSCs 
treatment can reprogram host macrophages into argi-
nase 1 positive phenotype with tissue repair features. 
Then, transfusion of MSC-reprogrammed macrophages 
recapitulate the therapeutic effects of MSCs. Therefore, 
donor MSCs reprogram host macrophages to restore the 
bone marrow microenvironment and inhibit leukemia 
development [48].

Tissue repair and regeneration
MSCs can secrete a variety of factors supporting cell 
survival, including growth factors, cytokines and extra-
cellular matrix. Adipose-derived MSCs can act on 
vascular endothelial cells, promote angiogenesis and 
maturation [49]. In addition, in many injury models such 
as myocardial ischemia-reperfusion and stroke, adipose 
derived stem cells exosomes can promote angiogenesis 
and reduce tissue injury [50]. Bone marrow MSCs can 
improve the joint inflammation of CIA (collagen induced 
arthritis) rats, inhibit bone damage and repair cartilage 
damage through regulating the proportion and function 
of T and B cells, bone metabolic factors and self-differen-
tiation into chondrocytes [51].

The liver microenvironment contain cells, extracel-
lular matrix, cytokines, and nutrition, and all of them 
are in homeostasis. It is a multidirectional interaction 
complex that plays a vital role in the maintenance of 
normal functions [52]. MSCs affect the liver microenvi-
ronment through a paracrine effect, modulating immune 
responses and homing into the injury site, which directly/
indirectly build a regenerative microenvironment and 
repair injured tissues. MSCs can regulate the prolifera-
tion of hepatic stellate cells and the modulation of ECM, 
inducing apoptosis of hepatic stellate cells by secreting 
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HGF, IL-10, and TNF-α [43]. Bone marrow MSCs have 
been proven to restore the albumin level and suppress 
the liver fibrosis in rodents [53]. Human amnion- and 
chorion-derived MSCs can stimulate the proliferation 
of hepatocytes and induce liver regeneration by secret-
ing several active cytokines, such as HGF,EGF, and NGF, 
even during fulminant failure [54].

In liver injury, human umbilical cord MSCs reduce 
hepatocyte injury by reducing the level of inflammation 
and participate in the repair of hepatocyte injury after 
hepatic ischemia-reperfusion. The MSCs can inhibit the 
chemotactic recruitment of neutrophils in the inflamma-
tory environment. MSCs may alleviate hepatic ischemia-
reperfusion injury by reducing the recruitment of 
neutrophils in the liver [55].

Regulation of the microenvironment on MSCs
The microenvironment is vital for cell activity and func-
tion. Different microenvironments have different effects 
on the biological function of MSCs. The differentiation 
potential of MSCs highly depends on microenvironmen-
tal soluble factors, including cytokines(IL-6 and TNF-α), 
hormones(estrogens, parathyroid hormone and growth 
hormone) and growth factors(TGF-β,IGF-1,VEGF and 
FGF) [22].

Microenvironment and MSCs differentiation
Osteogenic differentiation
In physiological conditions, the microenvironment can 
support MSCs and determine their fate. In the oral tis-
sue of mice,  Runx2+ microenvironment cells locate at the 
lateral edge of the cervical loop. These cells maintain the 
stability of incisor mesenchymal tissue through IGF-2 
signal. Runx2 genes can encode transcription factors, 
which are very important in the early development of 
bone and incisor. It was found that Runx2 is expressed in 
 Gli1+ cell subsets in the proximal region of incisors, and 
the deletion of Runx2 would damage the growth rate of 
incisors in mice. When mouse dental pulp MSCs differ-
entiate into odontoblasts and dental pulp cells, the loca-
tion of  Runx2+ microenvironment cells did not change 
[56].

IGF1,one of the most abundant growth factors depos-
ited in the bone matrix, can enhance osteogenic differ-
entiation of bone marrow MSCs via the mTOR pathway. 
Moreover, estrogens can bind their α and/or β receptors 
and induce bone marrow MSCs osteogenic differentia-
tion through the activation of p38 MAPKs/NF-κB and 
BMPs/WNT/β-catenin signaling pathways [22].

chondrogenic differentiation
Differentiation of MSCs into chondrocytes requires a 
various promoters and inhibitors. The microenvironment 

contains soluble cytokines, nearby cells, surrounding 
matrix, and physical stimuli, all of which play an vital role 
in determining the cellular fates and chondrogenic dif-
ferentiation of MSCs [57]. For example, minimum level 
of Wnt signaling activity is necessary to allow the chon-
drogenesis of MSCs. Mild activation of the pathway is 
needed for the chondrogenesis, as overexpression of Wnt 
signaling causes harmful effects on chondrogenic differ-
entiation [58]. Furthermore, TGFβ,the most abundant 
growth factors in bone marrow microenvironment, origi-
nates mainly from bone matrix degradation and activated 
T cells. It promotes bone marrow MSCs chondrogenesis 
by stabilizing SOX9 via the SMAD or the p38 pathways. 
IL-6 can impair MSCs ability to generate chondrocytes 
and keep them in an undifferentiated state by activating 
ERK1/2 [22].

microenvironment and MSCs aging
Aging microenvironment has adverse effects MSCs func-
tion. It affect MSCs through senescence-associated secre-
tory phenotype(SASP),extracellular vesicles derived from 
senescent cells, and cell–cell contact [59].

Senescent cells can secrete bioactive factors. These fac-
tors include pro-inflammatory cytokines,chemokines, 
growth modulators, proteases, and the factors are termed 
SASP [60]. As for SASP, it contains many aging-related 
elements. These elements affect the function of MSCs, 
including proliferation, clonal formation, differentiation, 
immune characteristics, telomerase activity, cell migra-
tion, and adhesion. For example, the SASP can create a 
chronic inflammatory microenvironment that is mainly 
mediated by NF-κB signaling and thus leading to MSCs 
dysfunction and aberrant remodeling [61]. As a kind of 
chemokines, aging-associated insulin-like growth factor-
binding protein 4 and 7 could directly induce a senescent 
phenotype in MSCs [62].

A senescence-associated increase in extracellular vesi-
cles secretion can induce senescence of adjacent cells 
[59]. With aging, senescent cells-derived microRNA-
183-5p induces MSCs senescence [63]. Very long-chain 
C24: 1 ceramide is increased in extracellular vesicles with 
aging, and those visicles can induce senescence of MSCs 
[64].

hypoxia microenvironment and MSC
Hypoxia microenvironment plays a vital role in keep-
ing the phenotype of undifferentiated MSCs. It helps 
MSCs stay in a quiescent status and have a necessary 
self-renewal rate. Furthermore, the hypoxia induc-
ible factor(HIF) act as a molecular regulator for hypoxia 
microenvironment to control differentiation and survival 
of MSCs [65].
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Bone marrow MSCs are often in a hypoxic micro-
environment, which plays an important role in 
inducing osteogenic differentiation and increasing 
chemotaxis migration [66, 67]. As for the umbilical cord 
MSCs, hypoxia microenvironment promotes their pro-
liferation through HIF-1, and the oxygen consumption 
rate of bone marrow MSCs is reduced about 3 times. The 
MSCs differentiate less than the MSCs under normoxic 
conditions. In the hypoxia microenvironment, MSCs 
have larger and less complex nuclei, richer nucleoli and 
higher nuclear/cytoplasmic index, while the cell sizes are 
similar to MSCs under normoxic conditions [68].

Hypoxic microenvironment can also regulate the 
immune response of human gingiva-derived MSCs. Fas-
FasL pathway mediates apoptosis of many cell types.
IL-10 turns cytokines into anti-inflammatory mediators. 
In human gingival MSCs, 12–24 h 2% hypoxia treatment 
increase the production of IL-10 and the expression of 
FasL. The higher expression level of FasL enhances the 
inhibitory effect on the proliferation of peripheral blood 
monocytes. Hypoxic preconditioning is an ideal method 
to optimize the regeneration and therapeutic potential 
of MSCs. However, if the oxygen concentration is too 
low or the hypoxia time is too long, the function of bone 
marrow MSCs may be lost [69]. Moreover, hypoxic cul-
tured gingiva-derived MSCs have increased expression of 
stemness-related gene NANOG and neurotrophic factors 
VEGF and IGF1 [70].

For adipose tissue derived MSCs, hypoxia enhances 
their regenerative potential and does not hinder their 
immunomodulatory effects [71]. Additionally, 5%  O2 
significantly enhance the tenogenic differentiation of 
adipose tissue derived MSCs, and activated their VEGF 
expression [72]. Furthermore, there is an increased 
expression of HIF1α, which increase COL2A1 and aggre-
can expression [73].

Different oxygen concentration have different impact 
on adipose tissue derived MSCs.2%  O2  increases their 
proliferation, viability, soluble factors secretion with a 
low risk of tumor genesis and genetic instability. Trilin-
eage differentiation potential of adipose tissue derived 
MSCs was found to be varied under different concen-
trations of oxygen. 1%  O2 and 1.5%  O2 was found to 
maintain adipogenic, osteogenic and chondrogenic dif-
ferentiation of adipose tissue derived MSCs. 2%  O2 and 
5%  O2 was found to increase their chondrogenesis while 
reduce their adipogenesis and osteogenesis[74].

Interaction between MSCs and microenvironment 
in diseases
Different pathological microenvironments have dif-
ferent effects on MSCs, such as growth, proliferation, 
migration, apoptosis and differentiation, which also 

depends on the type and severity of the disease [75]. On 
the other hand, MSCs can also affect the pathological 
microenvironments. Some effects may aggravate the 
disease, while some effects alleviate the disease.

Interaction between microenvironment and MSCs in tumor
Tumor microenvironment is a complex entity. Dif-
ferent tumor types have different composition of the 
tumor microenvironment. However, there are some 
hallmark features, including immune cells, stromal 
cells(including MSCs), blood vessels, extracellular 
matrix, adipose cells, and soluble factors. The tumor 
microenvironment is not just a bystander. It is an active 
promoter of cancer progression” [76].

MSCs may play a vital role in the generation of most 
stromal components of the tumor microenvironment. 
Cancer-associated MSCs differentiate into tumor sup-
porting carcinoma-associated fibroblasts and adipo-
cytes in the presence of tumor cells. Both resident and 
distally recruited MSCs have acquired a carcinoma-
associated fibroblasts-like phenotype within the tumor 
microenvironment niche [77].

Within the tumor microenvironment, cancer-associ-
ated MSCs demonstrate a greater ability to differenti-
ate into carcinoma-associated fibroblasts versus normal 
MSCs [78]. The pro-tumorigenic functions of carci-
noma-associated fibroblasts contain increased tumor 
cell invasion, enhanced epithelial-mesenchymal transi-
tion through Hedgehog signaling, promotion of migra-
tion and metastasis, and increased chemotherapeutic 
resistance [79]. Adipocytes in tumor microenvironment 
can generate growth factors, hormones, cytokines, and 
adipokines.Increased insulin-like growth factor binding 
protein-2 expression and secretion in carcinoma-asso-
ciated adipocytes enhances migration and invasion in 
breast cancer models [80].

Tumor cells can secrete soluble factors that promote 
MSCs to migrate to the site of tumor. MSCs that gather 
near tumor cells differentiate into more matured MSCs. 
Then the phenotypes and gene expression of those 
MSCs change. After MSCs are recruited to the tumor 
microenvironment, they can enhance the metastatic 
potential of tumor cells. Furthermore, those MSCs pro-
mote the formation of neovascularization at the tumor 
site by secreting VEGF. In addition, MSCs also enhance 
the invasion and migration of prostate cancer cells by 
increasing the expression of MMP2 and MMP9. The 
discovery of MSCs at the tumor growth site often indi-
cates the further deterioration of the disease. Therefore, 
MSCs can be used as a marker of tumor progression 
[81].
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Interaction between inflammatory microenvironment 
and MSCs in RA
The synovium is the crucial location where pathogenic 
events develop in rheumatoid arthritis(RA). The stromal 
cells(including MSCs), extracellular matrix molecules, 
immune cells, and other tissue resident cells comprise 
synovial tissue microenvironment. The stromal cells 
contribute to the tissue architecture and regulate the tis-
sue function [82]. In the inflamed tissues, many inflam-
mation-related substances, such as inflammatory cells, 
pro-inflammatory enzymes, and inflammatory media-
tors form inflammatory microenvironment [83]. Abnor-
malities in the MSCs microenvironment, such as chronic 
inflammation, biotoxins, somatic stress and chemical 
harmful substances, will have negative effects on MSCs 
[84].

MSCs extracted from RA patients have significant 
immunosuppressive effect in vitro, such as inhibition of 
T lymphocytes. However, the articular microenviron-
ment of RA reduces the efficiency of MSCs in regulating 
immune responses [85]. Synovial MSCs in the inflamma-
tory microenvironment of RA can induce the conversion 
of macrophages to pro-inflammatory phenotype through 
TLR2 and TLR4. MSCs can inhibit the differentiation of 
monocytes into dendritic cells through various mecha-
nisms such as IL-6, TSG-6, COX-2/PGE2 [86].

T lymphocytes play a central role in the inflammatory 
response related to RA. T lymphocytes widely affect the 
functions of MSCs. Cytokines secreted by T lympho-
cytes, such as IFN-γ and TNF-α,can promote the migra-
tion ability of MSCs and can be upregulated [87].

De Bari inferred that the diseased inflammatory micro-
environment in RA has changed the immunomodulation 
of membrane synovial MSCs. These MSCs may turn into 
harmful cells and even lead to pannus formation [88].

Interaction between microenvironment and MSCs 
in intervertebral disc degeneration
Intervertebral disc degeneration is a chronic progressive 
process associated with exhaustion of the resident cell 
population, degradation of the extracellular matrix, tissue 
inflammation and dehydration of the nucleus pulposus 
[89]. The degenerative intervertebral disc microenviron-
ment is characterized by hypoxia, low glucose levels, 
acidic pH, hyperosmolarity, inflammation, and mechani-
cal loading [90]. MSCs can differentiate into mature cells, 
secrete growth factors and cytokines to support resident 
cell activity and induce endogenous repair of the degen-
erated intervertebral disc [91].

Changes in the physical and chemical microenviron-
ment of intervertebral disc (IVD) (i.e. hypoxia, reduced 
nutrition and acidic condition) may lead to interver-
tebral disc degeneration. In the degenerative disc 

microenvironment, hypoxia activates HIF-1α/ Yap sign-
aling pathway, protecting mouse bone marrow mes-
enchymal stem cells from mechanical stress-mediated 
apoptosis [92].

Grafted MSCs are capable of restoring intervertebral 
disc degeneration back to the normal disc via stimulation 
of the generation of extracellular matrix proteins such as 
aggrecan, proteoglycan, and collagen type-II, which con-
stitute nucleopulpocytes (chondrocyte-like round cells 
usually located within the nucleus pulposus) [91, 93]. 
MSCs are capable of differentiating into nucleopulpo-
cytes-like phenotypes [94].

The differentiation of MSCs into a nucleopulpocytes-
like phenotype was augmented by growth factors like 
TGF-β, PDGF, IGF-1, GDF-5 and bFGF. These factors are 
secreted by intervertebral disc resident cells [90, 94]. One 
the other hand, MSCs were capable of expressing IGF-1 
and BMP-7, which protected nucleopulpocytes against 
apoptosis [95]. Introduction of nucleus pulposus MSCs 
to the hypoosmotic microenvironment of mild interver-
tebral disc degeneration revealed an upsurge of nucleus 
pulposus MSCs proliferation as well as chondrogenic 
potential [96]

Interaction between microenvironment and MSCs 
in pulmonary fibrosis
During pulmonary fibrosis,  Gli1+ MSCs inhibit the acti-
vation of BMP in airway progenitor cells’ microenviron-
ment by upregulating the hedgehog(Hh) signal. During 
fiber repair, the proximal bronchial/airway epithelium 
can appear ectopic in the distal lung, which is character-
ized by metaplasia of  KRT5+ basal cells arranged on the 
alveoli along the fibrous scar to form an air containing 
cyst [97, 98]. The presence of metaplastic  KRT5+ cells is 
associated with increased disease severity and reduced 
survival [99].

Under physiological conditions,  KRT5+ basal cells 
exist in the trachea and large airway of mouse lung, and 
 SFTPC+ type 2 cells exist in the distal alveolar sac to pro-
duce functional alveolar epithelium. The upregulation 
of Hh signal inhibits BMP signal in microenvironment, 
which makes  KRT5+ airway progenitor cells have meta-
plasia and differentiation, and promotes the differentia-
tion of adaptive alveoli into  SFTPC+ epithelium [97].

Conclusion and discussion
Mesenchymal stem cells and microenvironment have 
distinct characteristics, but they are geographically and 
functionally linked. MSCs affect their microenviron-
ment through different ways, such as immunomodula-
tion, hematopoietic support and tissue regeneration. 
The microenvironment also regulate the differentiation, 
proliferation and function of MSCs. In the pathologic 
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microenvironment, MSCs may aggravate or alleviate 
the disease. Controversy still exists in the application of 
MSCs, because the same microenvironment may cause 
contrary effects on MSCs [100]. Many clinical trials 
about MSCs therapy have been conducted, but its ques-
tionable safety and efficacy continue to limit its applica-
tion [43]. Moreover, changing the microenvironment 
may cause good or bad influences on MSCs therapy and 
disease progression. The microenvironment is a complex 
entity, so it can be difficult for the study and application. 
With further research of the changes in their functions, 
composition and location in the related pathological pro-
cess, the mechanism of disease occurrence and develop-
ment will be clearer, and more innovative treatments will 
be created.

Material and methods
The review analyzed the results of studies on MSCs and 
their microenviroment that were mainly found in Pub-
Med and Web of Science. Search terms and phrases such 
as “MSCs microenvironment”, “MSCs immunomodula-
tion”, “microenvironment affect MSCs differentiation”, 
“interaction between MSC and microenvironment”, 
“tumor microenvironment”, “hypoxia microenviron-
ment”, “bone marrow microenvironment”, and “MSCs tis-
sue repair” were used to identify articles that could help 
researchers explore the topic. The search include state-
of-the-art articles that were published in English in the 
two electronic databases. The abstracts of the available 
articles were carefully reviewed to determine their qual-
ity and appropriateness, and the aim, research design, 
results, and conclusions in each of the selected articles 
were examined.

Inclusion criteria: originality,innovation,and reliability.
Exclusion criteria: out of date and irrelevant articles.
One hundred seventy-four studies were screened, and 

101 studies were included in the review.

Abbreviations
MSCs: Mesenchymal stem cells; PGE2: Prostaglandin E2; IDO: Indoleamine 
2,3-dioxygenase; Treg cells: Regulatory T cells; TGF-β: Transforming growth 
factor beta; IFN-γ: Interferon-γ; RORγt: Orphan nuclear receptor gamma; Foxp3: 
Forkhead box P3; CIA: Collagen-induced arthritis; LIF: Leukemia inhibitory fac-
tor; DC: Dendritic cells; IL-10: Interleukin-10; HSCs: Hematopoietic stem cells; 
HGF: Hepatocyte growth factor; IGF-1: Insulin-like growth factor; EGF: Epithelial 
growth factor; NGF: Nerve growth factor; TGFA: Transforming growth factor-α; 
VEGF: Vascular endothelial growth factor; AD-MSCs: Adipose derived MSCs; 
TDSCs: Tendon mesenchymal stem cells; ERK1/2: Extracellular signal-regu-
lated protein kinases 1 and 2; FAK: Focal adhesion kinase; IVD: Intervertebral 
disc; Hh: Hedgehog; BMP: Basic metabolic panel; TSG6: Tumor necrosis factor 
(TNF)-stimulated gene 6 protein; SASP: Senescence-associated secretory 
phenotype; PDGF: Platelet-derived growth factor; bFGF: Basic fibroblast-like 
growth factor; GDF-5: Growth differentiation factor-5.

Acknowledgements
Not applicable.

Author contributions
JXL and JFG performed and wrote the manuscript; JXL, FPW and QN collected 
the references and designed the table; JXL drew the figures; ZXL and CG 
modified the manuscript and LYZ designed the manuscript and approved 
the final manuscript for publication. All authors read and approved the final 
manuscript.

Funding
This work was supported by the National Natural Science Foundation of China 
(grant number 81771768); and the applied basic research project of Shanxi 
Science and Technology Department (grant number 201901D111416).

Availability of data and materials
Please contact the corresponding author for data requests.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Third Hospital of Shanxi Medical University, Shanxi Bethune Hospital, Shanxi 
Academy of Medical Sciences, Tongji Shanxi Hospital, Taiyuan 030032, China. 
2 Department of Biomedical Engineering, Duke University Pratt School of Engi-
neering, Durham, NC 27708, USA. 3 Department of Pathology, Harvard Medical 
School, Brigham and Women’s Hospital, Boston, MA, USA. 

Received: 26 March 2022   Accepted: 28 April 2022

References
 1. Salehinejad P, Moshrefi M, Eslaminejad T. An overview on mesenchymal 

stem cells derived from extraembryonic tissues: supplement sources 
and isolation methods. Stem Cells Cloning. 2020;13:57–65.

 2. Abdal DA, Lee SB, Kim K, Lim KM, Jeon TI, Seok J, Cho AS. Production of 
mesenchymal stem cells through stem cell reprogramming. Int J Mol 
Sci. 2019;20(8):1922.

 3. Wu X, Jiang J, Gu Z, Zhang J, Chen Y, Liu X. Mesenchymal stromal cell 
therapies: immunomodulatory properties and clinical progress. Stem 
Cell Res Ther. 2020;11(1):345.

 4. Noronha NC, Mizukami A, Caliári-Oliveira C, Cominal JG, Rocha J, Covas 
DT, Swiech K, Malmegrim K. Priming approaches to improve the effi-
cacy of mesenchymal stromal cell-based therapies. Stem Cell Res Ther. 
2019;10(1):131.

 5. Mildmay-White A, Khan W. Cell surface markers on adipose-
derived stem cells: a systematic review. Curr Stem Cell Res Ther. 
2017;12(6):484–92.

 6. Bunnell BA. Adipose tissue-derived mesenchymal stem cells. Cells-
Basel. 2021;10(12):3433.

 7. Ghazanfari R, Zacharaki D, Li H, Ching LH, Soneji S, Scheding S. Human 
primary bone marrow mesenchymal stromal cells and their in vitro 
progenies display distinct transcriptional profile signatures. Sci Rep. 
2017;7(1):10338.

 8. Andrzejewska A, Dabrowska S, Lukomska B, Janowski M. Mesenchymal 
stem cells for neurological disorders. Adv Sci. 2021;8(7):2002944.

 9. Mizuno M, Katano H, Mabuchi Y, et al. Specific markers and properties 
of synovial mesenchymal stem cells in the surface, stromal, and perivas-
cular regions. Stem Cell Res Ther. 2018;9(1):123.

 10. Li N, Gao J, Mi L, et al. Synovial membrane mesenchymal stem cells: 
past life, current situation, and application in bone and joint diseases. 
Stem Cell Res Ther. 2020;11(1):381.



Page 8 of 10Liu et al. Stem Cell Research & Therapy          (2022) 13:429 

 11. Bedoui Y, Lebeau G, Guillot X, Dargai F, Guiraud P, Neal JW, Ralandison 
S, Gasque P. Emerging roles of perivascular mesenchymal stem cells in 
synovial joint inflammation. J Neuroimmune Pharm. 2020;15(4):838–51.

 12. James AW, Péault B. Perivascular mesenchymal progenitors for bone 
regeneration. J Orthop Res. 2019;37(6):1221–8.

 13. Wu M, Zhang R, Zou Q, Chen Y, Zhou M, Li X, Ran R, Chen Q. Compari-
son of the biological characteristics of mesenchymal stem cells derived 
from the human placenta and umbilical cord. Sci Rep. 2018;8(1):5014.

 14. Attia SS, Rafla M, El-Nefiawy NE, Hamid HFA, Amin MA, Fetouh MA. A 
potential role of mesenchymal stem cells derived from human umbili-
cal cord blood in ameliorating psoriasis-like skin lesion in the rats. Folia 
Morphol. 2021. https:// doi. org/ 10. 5603/ FM. a2021. 0076.

 15. Kacham S, Bhure TS, Eswaramoorthy SD, et al. Human umbilical cord-
derived mesenchymal stem cells promote corneal epithelial repair 
in vitro. Cells-Basel. 2021;10(5):1254.

 16. Deng J, Li M, Meng F, et al. 3D spheroids of human placenta-derived 
mesenchymal stem cells attenuate spinal cord injury in mice. Cell 
Death Dis. 2021;12(12):1096.

 17. Xu X, Jiang W, Chen L, et al. Evaluation of the safety and efficacy of 
using human menstrual blood-derived mesenchymal stromal cells in 
treating severe and critically ill COVID-19 patients: An exploratory clini-
cal trial. Clin Transl Med. 2021;11(2):e297.

 18. Ledesma-Martínez E, Mendoza-Núñez VM, Santiago-Osorio E. Mesen-
chymal stem cells derived from dental pulp: a review. Stem Cells Int. 
2016;2016:4709572.

 19. Masuda K, Han X, Kato H, et al. Dental pulp-derived mesenchymal stem 
cells for modeling genetic disorders. Int J Mol Sci. 2021;22(5):2269.

 20. Barthes J, Özçelik H, Hindié M, Ndreu-Halili A, Hasan A, Vrana NE, Hasirci 
V. Cell microenvironment engineering and monitoring for tissue engi-
neering and regenerative medicine: the recent advances. Biomed Res 
Int. 2014;2014:921905.

 21. Birbrair A, Frenette PS. Niche heterogeneity in the bone marrow. Ann N 
Y Acad Sci. 2016;1370(1):82–96.

 22. Sobacchi C, Palagano E, Villa A, Menale C. Soluble factors on stage to 
direct mesenchymal stem cells fate. Front Bioeng Biotechnol. 2017;5:32.

 23. Lu D, Xu Y, Liu Q, Zhang Q. Mesenchymal stem cell-macrophage cross-
talk and maintenance of inflammatory microenvironment homeostasis. 
Front Cell Dev Biol. 2021. https:// doi. org/ 10. 3389/ fcell. 2021. 681171.

 24. Vasandan AB, Jahnavi S, Shashank C, Prasad P, Kumar A, Prasanna SJ. 
Human mesenchymal stem cells program macrophage plasticity by 
altering their metabolic status via a PGE(2)-dependent mechanism. Sci 
Rep. 2016;6:38308.

 25. Liu F, Qiu H, Xue M, et al. MSC-secreted TGF-β regulates lipopolysac-
charide-stimulated macrophage M2-like polarization via the Akt/FoxO1 
pathway. Stem Cell Res Ther. 2019;10(1):345.

 26. Papa S, Vismara I, Mariani A, et al. Mesenchymal stem cells encapsulated 
into biomimetic hydrogel scaffold gradually release CCL2 chemokine 
in situ preserving cytoarchitecture and promoting functional recovery 
in spinal cord injury. J Control Release. 2018;278:49–56.

 27. Li C, Jin Y, Wei S, et al. Hippo signaling controls NLR family pyrin domain 
containing 3 activation and governs immunoregulation of mesenchy-
mal stem cells in mouse liver injury. Hepatology. 2019;70(5):1714–31.

 28. Hu C, Wu Z, Li L. Mesenchymal stromal cells promote liver regeneration 
through regulation of immune cells. Int J Biol Sci. 2020;16(5):893–903.

 29. Salami F, Tavassoli A, Mehrzad J, Parham A. Immunomodulatory effects 
of mesenchymal stem cells on leukocytes with emphasis on neutro-
phils. Immunobiology. 2018;223(12):786–91.

 30. Shi Y, Wang Y, Li Q, Liu K, Hou J, Shao C, Wang Y. Immunoregulatory 
mechanisms of mesenchymal stem and stromal cells in inflammatory 
diseases. Nat Rev Nephrol. 2018;14(8):493–507.

 31. Ahn SY, Maeng Y, Kim YR, Choe YH, Hwang HS, Hyun Y. In vivo monitor-
ing of dynamic interaction between neutrophil and human umbilical 
cord blood-derived mesenchymal stem cell in mouse liver during 
sepsis. Stem Cell Res Ther. 2020;11(1):44.

 32. Cao Y, Ji C, Lu L. Mesenchymal stem cell therapy for liver fibrosis/cirrho-
sis. Ann Transl Med. 2020;8(8):562.

 33. Gao F, Chiu SM, Motan DAL, et al. Mesenchymal stem cells and immu-
nomodulation: current status and future prospects. Cell Death Dis. 
2016;7(1):e2062.

 34. Jiang W, Xu J. Immune modulation by mesenchymal stem cells. Cell 
Proliferat. 2020;53(1):e12712.

 35. Batlle E, Massagué J. Transforming growth factor-β signaling in immu-
nity and cancer. Immunity. 2019;50(4):924–40.

 36. Yaftiyan A, Eskandarian M, Jahangiri AH, Kazemi Sefat NA, Moazzeni 
SM. Leukemia inhibitory factor (LIF) modulates the development of 
dendritic cells in a dual Manner. Immunopharmacol Immunotoxicol. 
2019;41(3):455–62.

 37. Rivera-Cruz CM, Shearer JJ, Figueiredo Neto M, Figueiredo ML, Butti-
gieg J. The immunomodulatory effects of mesenchymal stem cell 
polarization within the tumor microenvironment niche. Stem Cells Int. 
2017;2017:4015017–39.

 38. Ma D, Xu K, Zhang G, et al. Immunomodulatory effect of human umbili-
cal cord mesenchymal stem cells on T lymphocytes in rheumatoid 
arthritis. Int Immunopharmacol. 2019;74:105687.

 39. Xu K, Ma D, Zhang G, et al. Human umbilical cord mesenchymal stem 
cell-derived small extracellular vesicles ameliorate collagen-induced 
arthritis via immunomodulatory T lymphocytes. Mol Immunol. 
2021;135:36–44.

 40. Franquesa M, Mensah FK, Huizinga R, et al. Human adipose tissue-
derived mesenchymal stem cells abrogate plasmablast formation and 
induce regulatory B cells independently of T helper cells. Stem Cells. 
2015;33(3):880–91.

 41. Tarique M, Naz H, Kurra SV, et al. Interleukin-10 producing regulatory B 
cells transformed CD4+CD25− into tregs and enhanced regulatory T 
cells function in human leprosy. Front Immunol. 2018;9:1636.

 42. Luk F, Carreras-Planella L, Korevaar SS, et al. Inflammatory conditions 
dictate the effect of mesenchymal stem or stromal cells on B cell func-
tion. Front Immunol. 2017;8:1042.

 43. Xu S, Ye L, Wang W, Chen Y, Dong J, Mao X, Li S, Shao Q. Role of the 
microenvironment in mesenchymal stem cell-based strategies for treat-
ing human liver diseases. Stem Cells Int. 2021;2021:5513309.

 44. Bryder D, Rossi DJ, Weissman IL. Hematopoietic stem cells: the paradig-
matic tissue-specific stem cell. Am J Pathol. 2006;169(2):338–46.

 45. Pinho S, Frenette PS. Haematopoietic stem cell activity and interactions 
with the niche. Nat Rev Mol Cell Biol. 2019;20(5):303–20.

 46. Takam Kamga P, Bazzoni R, Dal Collo G, Cassaro A, Tanasi I, Russignan 
A, Tecchio C, Krampera M. The role of notch and wnt signaling in MSC 
communication in normal and leukemic bone marrow niche. Front Cell 
Dev Biol. 2021;8:599276.

 47. Leimkühler NB, Gleitz HFE, Ronghui L, et al. Heterogeneous bone-mar-
row stromal progenitors drive myelofibrosis via a druggable alarmin 
axis. Cell Stem Cell. 2021;28(4):637–52.

 48. Xia C, Wang T, Cheng H, et al. Mesenchymal stem cells suppress leuke-
mia via macrophage-mediated functional restoration of bone marrow 
microenvironment. Leukemia. 2020;34(9):2375–83.

 49. Han Y, Ren J, Bai Y, Pei X, Han Y. Exosomes from hypoxia-treated human 
adipose-derived mesenchymal stem cells enhance angiogenesis 
through VEGF/VEGF-R. Int J Biochem Cell Biol. 2019;109:59–68.

 50. Yang Y, Cai Y, Zhang Y, Liu J, Xu Z. Exosomes secreted by adipose-
derived stem cells contribute to angiogenesis of brain microvascular 
endothelial cells following oxygen-glucose deprivation in vitro through 
MicroRNA-181b/TRPM7 axis. J Mol Neurosci. 2018;65(1):74–83.

 51. Gao J, Zhang G, Xu K, et al. Bone marrow mesenchymal stem cells 
improve bone erosion in collagen-induced arthritis by inhibiting 
osteoclasia-related factors and differentiating into chondrocytes. Stem 
Cell Res Ther. 2020;11(1):1–14.

 52. Manco R, Leclercq IA, Clerbaux L. Liver regeneration: different sub-
populations of parenchymal cells at play choreographed by an injury-
specific microenvironment. Int J Mol Sci. 2018;19(12):4115.

 53. Luo X, Meng X, Cao D, Wang W, Zhou K, Li L, Guo M, Wang P. Transplan-
tation of bone marrow mesenchymal stromal cells attenuates liver 
fibrosis in mice by regulating macrophage subtypes. Stem Cell Res Ther. 
2019;10(1):16.

 54. Yamahara K, Harada K, Ohshima M, et al. Comparison of angiogenic, 
cytoprotective, and immunosuppressive properties of human 
amnion- and chorion-derived mesenchymal stem cells. PLoS ONE. 
2014;9(2):e88319.

 55. Yao J, Zheng J, Cai J, et al. Extracellular vesicles derived from human 
umbilical cord mesenchymal stem cells alleviate rat hepatic ischemia-
reperfusion injury by suppressing oxidative stress and neutrophil 
inflammatory response. FASEB J. 2019;33(2):1695–710.

https://doi.org/10.5603/FM.a2021.0076
https://doi.org/10.3389/fcell.2021.681171


Page 9 of 10Liu et al. Stem Cell Research & Therapy          (2022) 13:429  

 56. Chen S, Jing J, Yuan Y, et al. Runx2+ niche cells maintain incisor 
mesenchymal tissue homeostasis through igf signaling. Cell Rep. 
2020;32(6):108007.

 57. Zha K, Sun Z, Yang Y, et al. Recent developed strategies for enhancing 
chondrogenic differentiation of MSC: impact on MSC-based therapy for 
cartilage regeneration. Stem Cells Int. 2021;2021:8830834.

 58. Schizas NP, Zafeiris C, Neri A, Anastasopoulos PP, Papaioannou NA, 
Dontas IA. Inhibition versus activation of canonical Wnt-signaling, to 
promote chondrogenic differentiation of mesenchymal stem cells. A 
review. Orthop Rev. 2021;13(2):27098.

 59. Chen H, Liu O, Chen S, Zhou Y. Aging and mesenchymal stem cells: 
therapeutic opportunities and challenges in the older group. Gerontol-
ogy. 2021;68:1–14.

 60. Gorgoulis V, Adams PD, Alimonti A, et al. Cellular senescence: defining a 
path forward. Cell. 2019;179(4):813–27.

 61. Khosla S, Farr JN, Tchkonia T, Kirkland JL. The role of cellular senes-
cence in ageing and endocrine disease. Nat Rev Endocrinol. 
2020;16(5):263–75.

 62. Severino V, Alessio N, Farina A, Sandomenico A, Cipollaro M, Peluso G, 
Galderisi U, Chambery A. Insulin-like growth factor binding proteins 4 
and 7 released by senescent cells promote premature senescence in 
mesenchymal stem cells. Cell Death Dis. 2013;4(11):e911.

 63. Davis C, Dukes A, Drewry M, et al. MicroRNA-183-5p increases with age 
in bone-derived extracellular vesicles, suppresses bone marrow stromal 
(Stem) cell proliferation, and induces stem cell senescence. Tissue Eng 
Part A. 2017;23(21–22):1231–40.

 64. Khayrullin A, Krishnan P, Martinez-Nater L, Mendhe B, Fulzele S, Liu Y, 
Mattison JA, Hamrick MW. Very long-chain C24:1 ceramide is increased 
in serum extracellular vesicles with aging and can induce senescence 
in bone-derived mesenchymal stem cells. Cells-Basel. 2019;8(1):37.

 65. Ye Y, Zhao X, Xu Y, Yu J. Hypoxia-inducible non-coding RNAs in mesen-
chymal stem cell fate and regeneration. Front Dent Med. 2021;2:90.

 66. Ciapetti G, Granchi D, Fotia C, Savarino L, Dallari D, Del Piccolo N, Donati 
DM, Baldini N. Effects of hypoxia on osteogenic differentiation of 
mesenchymal stromal cells used as a cell therapy for avascular necrosis 
of the femoral head. Cytotherapy. 2016;18(9):1087–99.

 67. Xu W, Xu R, Li Z, Wang Y, Hu R. Hypoxia changes chemotaxis behav-
iour of mesenchymal stem cells via HIF-1α signalling. J Cell Mol Med. 
2019;23(3):1899–907.

 68. Ejtehadifar M, Shamsasenjan K, Movassaghpour A, Akbarzadehlaleh P, 
Dehdilani N, Abbasi P, Molaeipour Z, Saleh M. The effect of hypoxia on 
mesenchymal stem cell biology. Adv Pharm Bull. 2015;5(2):141–9.

 69. Jiang CM, Liu J, Zhao JY, et al. Effects of hypoxia on the immunomodu-
latory properties of human gingiva-derived mesenchymal stem cells. J 
Dent Res. 2014;94(1):69–77.

 70. Patil S, Fageeh HN, Fageeh HI, et al. Hypoxia, a dynamic tool to amplify 
the gingival mesenchymal stem cells potential for neurotrophic factor 
secretion. Saudi J Biol Sci. 2022;29(5):3568–76.

 71. Roemeling-van Rhijn M, Mensah FKF, Korevaar SS, et al. Effects of 
hypoxia on the immunomodulatory properties of adipose tissue-
derived mesenchymal stem cells. Front Immunol. 2013;4:203.

 72. Guo X, Huang D, Li D, Zou L, Lv H, Wang Y, Tan M. Adipose-derived mes-
enchymal stem cells with hypoxic preconditioning improve tenogenic 
differentiation. J Orthop Surg Res. 2022;17(1):49.

 73. Zubillaga V, Alonso-Varona A, Fernandes SCM, Salaberria AM, Palomares 
T. Adipose-derived mesenchymal stem cell chondrospheroids cultured 
in hypoxia and a 3D porous chitosan/chitin nanocrystal scaffold as a 
platform for cartilage tissue engineering. Int J Mol Sci. 2020;21(3):1004.

 74. Choi JR, Yong KW, Wan Safwani WKZ. Effect of hypoxia on human 
adipose-derived mesenchymal stem cells and its potential clinical 
applications. Cell Mol Life Sci. 2017;74(14):2587–600.

 75. Tan L, Liu X, Dou H, Hou Y. Characteristics and regulation of mes-
enchymal stem cell plasticity by the microenvironment—specific 
factors involved in the regulation of MSC plasticity. Genes Dis. 
2022;9(2):296–309.

 76. Anderson NM, Simon MC. The tumor microenvironment. Curr Biol. 
2020;30(16):R921–5.

 77. Atiya H, Frisbie L, Pressimone C, Coffman L. Mesenchymal stem cells 
in the tumor microenvironment. Adv Exp Med Biol. 2020;1234:31–42. 
https:// doi. org/ 10. 1007/ 978-3- 030- 37184-5_3.

 78. Arena S, Salati M, Sorgentoni G, Barbisan F, Orciani M. Characteriza-
tion of tumor-derived mesenchymal stem cells potentially differen-
tiating into cancer-associated fibroblasts in lung cancer. Clin Transl 
Oncol. 2018;20(12):1582–91.

 79. Chandler C, Liu T, Buckanovich R, Coffman LG. The double edge 
sword of fibrosis in cancer. Transl Res. 2019;209:55–67.

 80. Wang C, Gao C, Meng K, Qiao H, Wang Y. Human adipocytes stimu-
late invasion of breast cancer MCF-7 cells by secreting IGFBP-2. PLoS 
ONE. 2015. https:// doi. org/ 10. 1371/ journ al. pone. 01193 48.

 81. Sy AHN. The role of MSCs in the tumor microenvironment and tumor 
progression. Anticancer Res. 2020;40(6):3039.

 82. Cheng C, Liao H, Wu C. Tissue microenvironment dictates inflamma-
tion and disease activity in rheumatoid arthritis. J Formos Med Assoc. 
2022. https:// doi. org/ 10. 1016/j. jfma. 2022. 01. 026.

 83. Zhang G, Ma L, Bai L, Li M, Guo T, Tian B, He Z, Fu Q. Inflammatory 
microenvironment-targeted nanotherapies. J Control Release. 
2021;334:114–26.

 84. Lepperdinger G. Inflammation and mesenchymal stem cell aging. 
Curr Opin Immunol. 2011;23(4):518–24.

 85. El-Jawhari JJ, El-Sherbiny YM, Jones EA, McGonagle D. Mesen-
chymal stem cells, autoimmunity and rheumatoid arthritis. QJM. 
2014;107(7):505–14.

 86. El-Jawhari JJ, El-Sherbiny Y, McGonagle D, Jones E. Multipotent mes-
enchymal stromal cells in rheumatoid arthritis and systemic lupus 
erythematosus; from a leading role in pathogenesis to potential 
therapeutic saviors? Front Immunol. 2021;12:643170.

 87. Haasters F, Prall WC, Westphal I, Böcker W, Padula D, Mutschler 
W, Docheva D, Schieker M. Overexpression of dnIKK in mesen-
chymal stem cells leads to increased migration and decreased 
invasion upon TNFα stimulation. Biochem Biophys Res Commun. 
2013;436(2):265–70.

 88. De Bari C. Are mesenchymal stem cells in rheumatoid arthritis the 
good or bad guys? Arthritis Res Ther. 2015;17(1):113.

 89. Vadalà G, Ambrosio L, Russo F, Papalia R, Denaro V. Stem cells and 
intervertebral disc regeneration overview—what they can and can’t 
do. Int J Spine Surg. 2021;15(s1):40.

 90. Vadalà G, Ambrosio L, Russo F, Papalia R, Denaro V. Interaction 
between mesenchymal stem cells and intervertebral disc microen-
vironment: from cell therapy to tissue engineering. Stem Cells Int. 
2019;2019:2376172.

 91. Clouet J, Fusellier M, Camus A, Le Visage C, Guicheux J. Interverte-
bral disc regeneration: From cell therapy to the development of 
novel bioinspired endogenous repair strategies. Adv Drug Deliv Rev. 
2019;146:306–24.

 92. Wang Z, Cui M, Qu Y, He R, Wu W, Lin H, Shao Z. Hypoxia protects rat 
bone marrow mesenchymal stem cells against compression-induced 
apoptosis in the degenerative disc microenvironment through 
activation of the HIF-1α/YAP signaling pathway. Stem Cells Dev. 
2020;29(20):1309–19.

 93. Meisel H, Agarwal N, Hsieh PC, et al. Cell therapy for treatment of 
intervertebral disc degeneration: a systematic review. Glob Spine J. 
2019;9:39S-52S.

 94. Esquijarosa Hechavarria M, Richard SA, Tu J. Edifying the focal factors 
influencing mesenchymal stem cells by the microenvironment of 
intervertebral disc degeneration in low back pain. Pain Res Manag. 
2022;2022:6235400.

 95. Liu J, Tao H, Shen C, et al. Biological behavior of human nucleus pul-
posus mesenchymal stem cells in response to changes in the acidic 
environment during intervertebral disc degeneration. Stem Cells 
Dev. 2017;26:901–11.

 96. Li H, Wang J, Li F, Chen G, Chen Q. The influence of hyperosmolar-
ity in the intervertebral disc on the proliferation and chondrogenic 
differentiation of nucleus pulposus-derived mesenchymal stem cells. 
Cells Tissues Organs. 2018;205(3):178–88.

 97. Cassandras M, Wang C, Kathiriya J, et al. Gli1(+) mesenchymal 
stromal cells form a pathological niche to promote airway progenitor 
metaplasia in the fibrotic lung. Nat Cell Biol. 2020;22(11):1295–306.

 98. Xu Y, Mizuno T, Sridharan A, et al. Single-cell RNA sequencing identi-
fies diverse roles of epithelial cells in idiopathic pulmonary fibrosis. 
JCI Insight. 2017. https:// doi. org/ 10. 1172/ jci. insig ht. 90558.

https://doi.org/10.1007/978-3-030-37184-5_3
https://doi.org/10.1371/journal.pone.0119348
https://doi.org/10.1016/j.jfma.2022.01.026
https://doi.org/10.1172/jci.insight.90558


Page 10 of 10Liu et al. Stem Cell Research & Therapy          (2022) 13:429 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 99. Prasse A, Binder H, Schupp JC, et al. BAL cell gene expression is 
indicative of outcome and airway basal cell involvement in idiopathic 
pulmonary fibrosis. Am J Respir Crit CaRE. 2019;199(5):622–30.

 100. Peta KT, Ambele MA, Pepper MS, Zhang X. Similarities between tumour 
immune response and chronic wound microenvironment: influence of 
mesenchymal stromal/stem cells. J Immunol Res. 2021;2021:6649314.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Mesenchymal stem cells and their microenvironment
	Abstract 
	Introduction
	Regulation of MSCs on the microenvironment
	Immunomodulation
	MSCs effects on Macrophage
	MSCs effects on neutrophils
	MSCs effects on T cells
	MSCs effects on B cells

	Hematopoietic support
	Tissue repair and regeneration

	Regulation of the microenvironment on MSCs
	Microenvironment and MSCs differentiation
	Osteogenic differentiation
	chondrogenic differentiation

	microenvironment and MSCs aging
	hypoxia microenvironment and MSC

	Interaction between MSCs and microenvironment in diseases
	Interaction between microenvironment and MSCs in tumor
	Interaction between inflammatory microenvironment and MSCs in RA
	Interaction between microenvironment and MSCs in intervertebral disc degeneration
	Interaction between microenvironment and MSCs in pulmonary fibrosis

	Conclusion and discussion
	Material and methods
	Acknowledgements
	References


