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MSCs in cancer metastasis
PDGFR-β–expressing MSCs are attracted to an 
abluminal location by gradients of endothelial cell-
secreted, heparan sulfate–bound PDGF-β. Once in their 
perivascular niche, they have a pivotal role in 
controlling the extravasation of circulating cancer cells 
(e.g., in melanoma and breast cancer) into bone and 
liver parenchyma. The molecular mechanisms 
underlying this regulatory process involve the action of 
(i) secreted chemokines (e.g., CXCL12) by pMSCs 
recruiting CXCR4-expressing cancer cells close to the 
endothelium; and (ii) intercellular adhesion molecules 
(such as CD146) expressed by both cells, generating a 
migratory cellular complex. These mechanisms may 
serve as a platform for the development of novel 
therapies aimed at controlling the establishment and 
progression of skeletal and liver metastasis by 
targeting pMSCs. Moreover, based on the known 
pericytic mimicry capability of angiotropic tumor cells, 
targeting of perivascular cells may aid in the control of 
metastatic dissemination of cancer cells that use this 
alternative mechanism of tumor spread.  

Roles for mesenchymal stem cells as medicinal signaling cells
Rodrigo A Somoza1, Diego Correa1,2 & Arnold I Caplan1

Understanding the in vivo identity and function of mesenchymal stem cells 
(MSCs) is vital to fully exploiting their therapeutic potential. New data are 
emerging that demonstrate previously undescribed roles of MSCs in vivo. 
Understanding the behavior of MSCs in vivo is crucial as recent results suggest 
these additional roles enable MSCs to function as medicinal signaling cells. 
This medicinal signaling activity is in addition to the contribution of MSCs to 
the maintenance of the stem cell niche and homeostasis. There is increasing 
evidence that not all cells described as MSCs share the same properties. Most 

MSCs reside in a perivascular location and have some functionalities in 
common with those of the pericytes and adventitial cells located around the 
microvasculature and larger vessels, respectively. Here we focus on the 
characteristics of MSCs that have been demonstrated to be similar to those of 
pericytes located around the microvasculature, defined as perivascular MSCs 
(pMSCs). Although we focus here on pMSCs, it is important to bear in mind 
that pericytes are found in many types of blood vessels, and that not all 
pericytes are thought to be MSCs.

The universal stem cell niche  
for adult tissues
A common feature of many adult stem cell 
(ASC) niches is proximity to the vasculature. 
In this regard, pMSCs may be involved in the 
regulation of the perivascular niche of ASCs 
across different tissues. This has been shown 
for BM, nervous system tissue, liver, muscle 
and other vascularized tissues.

Neural tissues
The existence of a perivascular niche for 
neural stem cells (NSCs) has also been 
described in the subventricular zone. It has 
been suggested that pMSCs may regulate the 
local niche by direct contact with NSCs and 
by secreting different types of neurotrophins, 
such as BDNF.

Bone marrow (BM)
In the BM, distinct nestin+ pMSCs and bone-
lining MSCs are in close association with 
hematopoietic stem cells (HSCs), both at the 
perisinusoidal niche where pMSCs that express 
low levels of nestin (NESdim) are associated 
with active HSCs, and at the endosteal and 
periarteriolar niches where pMSCs that express 
high levels of nestin (NESbright) are associated 
with quiescent HSCs. The secretion of CXCL12 
by nestin+ cells is, in part, regulated by the 
sympathetic nervous system (direct 
innervation) and modulated by circadian 
rhythms. CXCL12, among other factors, provides 
homing and retention signals for HSCs. In 
addition, it has been shown that nestin+ MSCs 
can contribute to skeletal remodeling by 
differentiating into osteochondral lineages. The 
in situ localization of MSCs within the BM has 
been defined based on the differential 
expression of CD146, CD271, NG2 and α-SMA.

pMSC response to injury and inflammation
After microvascular damage, released pericytes 
differentiate into MSCs which become activated by 
sensing their local injury-dependent milieu. It has been 
suggested that toll-like receptor 3 (TLR3) priming 
induces the shift of MSCs to an anti-inflammatory 
phenotype (type 2 MSCs), in which immunomodulatory 
and trophic activities are elicited after the secretion of 
specific mediators and the polarization of monocytes 
into M2 macrophages. In contrast, when MSCs are 
subjected to TLR4 priming conditions, the MSCs shift to 
a pro-inflammatory phenotype (type 1 MSCs), resulting 
in the activation and polarization of members of the 
innate (e.g., monocytes into M1 macrophages) and 
adaptive (e.g., T lymphocytes) immune system. Thus, 
type 1 MSCs contribute to early reparative responses to 
tissue injury, whereas in later phases type 2 MSCs 
contribute to a more-regenerative resolution. In 
addition, the TLR4-type response, such as that mediated 
by bacterial infection, activates the secretion by MSCs of 
a potent antimicrobial peptide (hCAP-18/LL-37). The 
specific response of pMSCs is dependent on the type of 
injury and the tissue in which the cells reside; therefore, 
the response may involve fibrosis development if a quick 
repair of the injured tissue is needed. 

MSCs can be isolated from BM and other vascularized tissues 
including fat, dental pulp and muscle. They are defined in vitro 
by a specific surface marker expression profile (blue box), their 
ability to adhere to plastic and form colonies (i.e., CFU-F 
cells), and their capacity for serial expansion. From an initial 
heterogeneous population, specific subpopulations can be 
obtained by either sorting with markers related to their roles 
in vivo (red box) or by priming them with stimulating solutions 
during expansion (e.g., FGF2). MSCs have the in vitro ability to 
differentiate into mesodermal lineages such as chondrocytes, 
osteoblasts, adipocytes and tenocytes, and this differentiation 

is achieved by supplementing cultures with lineage-specific 
soluble factors and specific microenvironmental cues. GMP-
processed human MSCs (i.e., cells of clinical grade) are used in 
clinical trials for cell therapy, as the basis for novel therapeutic 
approaches for regenerative medicine. The availability and 
versatility of these cells make them an excellent option for a 
wide variety of clinical conditions associated with 
inflammation, ischemia, autoimmunity and trauma. When 
supplied exogenously, MSCs home to sites of injury, readopting 
their perivascular localization. At these sites, MSCs exert their 
local immunomodulatory and trophic activities.

MesenCult™: Your High-Performance System  
for MSC Derivation, Culture & Differentiation
STEMCELL Technologies is committed to serve scientists 
along the basic to translational research continuum by 
providing high-quality, standardized media and reagents  
for mesenchymal stromal cells (MSCs). Choose from a 
comprehensive range of MesenCult™ specialty products 
designed to standardize your cell culture system and 
minimize experimental variability. Optimized products for  
the isolation, expansion, quantification (CFU-F Assay) and 
differentiation of human and mouse MSCs to adipocytes, 
osteoblasts and chondrocytes are available.

MesenCult™-ACF Plus Culture Kit (Catalog #05448):  
Serum- and animal component-free culture kit for isolation 

and culture of human MSCs. Cells cultured in MesenCult™-
ACF Plus expand faster compared to cells cultured in serum-
based media and demonstrate robust differentiation 
potential. Human platelet lysate- and serum-based media for 
human MSC derivation and expansion are also available.

MesenCult™ Expansion Kit (Mouse; Catalog #05513): 
Enrich for and expand mouse MSCs in culture without serial 
passaging and generate purified MSC cultures as early as 
passage 0.

MesenCult™ Adipogenic Differentiation Medium (Human; 
Catalog #05412): Complete medium specifically formulated 
for the in vitro differentiation of human bone marrow-, 
umbilical cord-, and adipose-derived MSCs into adipocytes. 
It is optimized for cells previously cultured in serum-

containing, serum- and animal component-free media, as 
well as platelet lysate formulations.

MesenCult™-ACF Chondrogenic Differentiation Medium 
(Catalog #05455): Serum- and animal component-free 
medium for the robust differentiation of human MSCs into 
chondrocytes.

Please visit www.stemcell.com/MesenCult for additional 
information on all products and resources available to help 
your MSC research, including cell enrichment and selection 
kits, antibodies and a range of primary cell products, or 
contact our knowledgeable technical support team for 
detailed protocol information at techsupport@stemcell.com. 
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Abbreviations 
α-SMA: Alpha smooth muscle actin; ASC: Adult stem cell; BDNF: Brain-derived 
neurotrophic factor; CCL5: C-C motif chemokine 5 (Rantes); CXCR4: Chemokine 
(C-X-C motif) receptor 4; CXCL9: Chemokine (C-X-C motif) ligand 9; CXCL10: 
Chemokine (C-X-C motif) ligand 10; CXCL12: Chemokine (C-X-C motif) ligand 
12; DC: Dendritic cell; FGF2: Fibroblast growth factor 2; GMP: Good 
manufacturing practice; hCAP-18/LL-37: Human cationic antimicrobial protein; 
HGF: Hepatocyte growth factor; HSC: Hematopoietic stem cell; IDO: 
Indoleamine 2,3-dioxygenase; LPS: Lipopolysaccharide; IGF-1: Insulin-like 
growth factor-1; IL-6: Interleukin-6; IL-10: Interleukin-10; IFN-γ: Interferon 
gamma; LepR: Leptin receptor; MIP: Macrophage inflammatory protein; NES: 
Nestin; NG2: Neural/glial antigen 2; NO: Nitric oxide; NSC: Neural stem cell; 
PDGFR-β: Platelet-derived growth factor receptor beta; PGE2: Prostaglandin 
E2; pMSC: Perivascular mesenchymal stem cell; TH: T helper; TLR3: Toll-like 
receptor-3; TLR4: Toll-like receptor-4; TNF-α: Tumor necrosis factor alpha; 
VEGF: Vascular endothelial growth factor
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