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Abstract

Multipotent mesenchymal stromal cells (MSCs) are ideal candidates for different cellular therapies
due to their simple isolation, extensive expansion potential, and low immunogenicity. For various
therapeutic approaches, such as bone and cartilage repair, MSCs are expected to contribute by
direct differentiation to replace the damaged tissue, while many other applications rely on the
secretion of paracrine factors which modulate the immune response and promote angiogenesis.
MicroRNAs (miRNAs), which target messenger RNA for cleavage or translational repression,
have recently been shown to play critical functions in MSC to regulate differentiation, paracrine
activity, and other cellular properties such as proliferation, survival, and migration. The global
miRNA expression profile of MSC varies according to the tissue of origin, species, and detection
methodology, while also certain miRNAs are consistently found in all types of MSC. The function
in MSC of more than 60 different miRNAs has been recently described, which is the subject of
this review. A special emphasis is given to miRNAs that have demonstrated a function in MSC in
vivo. We also present in detail miRNAs with overlapping effects (i.e., common target genes) and
discuss future directions to deepen our understanding of miRNA biology in MSC. These recent
discoveries have opened the possibility of modulating miRNAs in MSC, in order to enhance their
proregenerative, therapeutic potential.
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Multipotent mesenchymal stromal cells (MSCs) are a heterogeneous cell type that can

be isolated from a variety of adult tissues. Ex vivo, MSCs are capable of proliferating
extensively and their progenies are further capable of differentiating into different cell
types such as osteoblasts, adipocytes, and chondrocytes. In addition, MSCs secrete a
variety of cytokines and growth factors that have both paracrine and autocrine activities
which modulate the immune response and promote angiogenesis, among others [1]. With
this therapeutic focus in mind, MSCs are defined as plastic-adherent, fibroblast-like cells
that express a panel of mesenchymal, nonhematopoietic markers [2]. It is commonly
acknowledged that MSCs can be isolated from virtually any tissue [3], corresponding with
vasculature-associated pericytes [4].

MicroRNAs (miRNASs) are 20-22 nucleotide RNA molecules that target messenger RNA
(mRNA) for cleavage or translational repression, thus suppressing protein synthesis

[5, 6]. Overall, miRNAs are extremely important in specifying cell differentiation and
developmental patterning in animals and plants [7]. In human, some miRNAS have been
identified as crucial tumor suppressors with high prognostic value and possible therapeutic
potential [8]. In human bone marrow-derived MSCs, silencing Dicer or Drosha, two key
components in the biogenesis of canonical miRNAs, blocks both osteogenic and adipogenic
differentiation [9], establishing that miRNAs are critical regulators of differentiation.

In 2008, Lakshmipathy and Hart published in this journal an early concise review focused
on miRNAs in MSCs [10]. Since then, many publications have addressed the role of one

or more miRNAs in MSCs and are the body of this new review. The vast majority of these
publications describe the effect(s) in MSCs, by either ectopically over-expressing a miRNA
or specifically reducing endogenous miRNA levels using antisense oligonucleotides. The
majority of the studies have investigated possible target genes for a given miRNA as the
underlying mechanism for the observed effect(s). Finally, a few studies (highlighted in this
review) have also investigated the effect of miRNAs in MSCs in vivo.

IenTirying MIRNASs Expressep in MSCs

To determine the global miRNA expression profile of human MSCs, various groups have
used microarray-based platforms (Supporting Information Table S1), always comparing two
or more different conditions. However, microarray technology gives limited sensitivity in
both low and high (saturation) ranges, undermining the determination of relative abundance
of miRNASs and detection of low-expressed miRNAs. Deep sequencing technology
(RNAseq) quantifies a dynamic range of over 8,000-fold [11]. This method has been applied
to identify expression of miRNAs in MSC derived from human ESCs [12] and MSC
isolated from adipose tissue [13] bone marrow and umbilical cord [14], which altogether
provide information about which miRNAs are common to all MSCs and which may be
tissue-specific. In order to establish a basic consensus of what miRNAs are expressed in
human MSCs. Table 1 summarizes miRNAs that were detected by at least one of the
groups using RNAseq and at least three groups using microarray-based technology. This
list of 44 miRNAs shows a high representation of let-7 family members, the miR-23-24-27

Stem Cells. Author manuscript; available in PMC 2023 November 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

CLARK et al.

Page 3

clusters (encoded in human chromosomes 9 and 19) and other miRNA families such as
miR-10, miR-29, miR-30, and miR-125. Since many miRNAs that share their seed sequence
(i.e., family members) show functional redundancy, it is quite feasible that coexpression of
different members confers robustness to their function [15].

MIRNASs InvoLvep N Osteocenic DirrerenTiation oF MSCs

Most studies addressing the function of miRNAs in MSCs have focused on in vitro
differentiation of the cells. MSCs can robustly differentiate into osteoblasts, adipocytes, and
chondrocytes, while their potential to differentiate into other cell types such as myoblasts,
neurons, or endothelial cells remains controversial.

Multiple miRNAs have been found to enhance osteogenic differentiation of MSCs (Fig. 1
and Table 2). In periodontal ligament tissue-derived MSCs, miR-17 promotes osteogenesis
by targeting Smad ubiquitin regulatory factor 1 (SMURFL1), a negative regulator of Runt-
related transcription factor 2 (RUNX2). Interestingly, MSCs isolated from patients with
periodontitis (i.e., under chronic inflammation) express significantly lower mir-17 levels,
higher levels of Smurfl, and consequently display lower osteogenic potential [16]. Also
miR-20a, which belongs to the same cluster as miR-17 and is a member of the miR-17
subfamily, enhances osteogenesis by directly repressing the translation of the adipogenic
transcription factor peroxisome proliferator-activated receptor gamma (PPAR- %) and the
osteogenic inhibitors bone morphogenic protein (BMP) and activin membrane-bound
inhibitor and cysteine-rich transmembrane BMP regulator 1 [17]. The other miRNAs of
this cluster (miR-18a, miR-19a, miR-19b, and miR-92a) seem not to be expressed in MSCs.

Experiments using murine MSCs show that miR-2861 promotes osteogenesis by targeting
histone deacetylase 5 (HDACS), which is an enhancer of RUNX2 degradation. Of

note, intravenous administration of an inhibitor of miR-2861 in mice leads to reduced
RUNX2 levels and loss of bone mass and mutations in miR-2861 are associated with the
development of osteoporosis. This strongly suggests that miR-2861 is necessary for normal
osteogenesis in vivo [86]. Also miR-210 and miR-196a promote osteogenesis, possibly by
targeting activin A receptor type 1B and homeobox protein HOXCS, respectively [73, 77].
These miRNAs shown to promote osteogenesis are likely physiologically relevant, since
it has been shown that their levels are regulated either during osteogenic differentiation

or in response to an osteogenic stimulus, such as BMP2 or BMP4 [16, 17, 77, 86]. Also
miR-148b is upregulated during osteogenesis and promotes osteogenic differentiation, but
possible targets in this context have not been identified [32].

Whnt signaling is known to promote osteogenesis and has been shown to increase the
expression of miR-29a, which in turn directly binds to the 3"UTR of the Wnt inhibitors
Dikkopf-1 (DKK1), the DKK2 cofactor Kremen 2, and secreted frizzled-related protein

2; hence establishing a positive loop for enhanced Wnt-mediated osteogenesis [38]. In
addition, miR-142-3p has been found to target the Wnt inhibitor adenomatous polyposis
coli, promoting osteogenesis [60]. Another miRNA that promotes osteogenesis is miR-21,
possibly by targeting SPROUTY?2 [24, 25]. MiR-21 is strongly expressed in MSCs (Table 1)
and is highly conserved across species. It was the first mammalian miRNA to be identified
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[87] and as discussed below plays multiple roles in MSCs, such as to promote adipogenesis
[24, 26], inhibit proliferation [27], and enhance cell survival [23].

Most of the miRNAs that have been described to inhibit osteogenic differentiation in MSCs
bind to the mRNA of osteogenic transcription factors, blocking their translation and are
therefore potential therapeutic targets for age-related bone diseases. MiR-23a, miR-133,
the homologs miR-204 and miR-211, miR-335, and miR-3077-5p all inhibit osteogenesis
by directly interacting with the 3'UTR of RUNX2 [28, 52, 75, 79, 84]. Each individual
component of the miRNA cluster 23a~27a~24-2 targets special AT-rich sequence-binding
protein 2 (SATB2), which synergizes with RUNX2 to promote osteogenesis. Importantly,
gain-of-function experiments by restoring SATB2 protein levels reverse the effect of
miR-23a, miR-27a, and miR-24, clearly demonstrating the importance of this target gene
[28].

The miR-30 family and miR-26a inhibit osteogenesis in MSCs by targeting SMAD1

[31, 39], while miR-31 inhibits osteogenesis [40] and targets Osterix [41]. MiR-135
inhibits osteogenesis by targeting SMADS5 [52], while miR-138 inhibits osteogenesis and
targets focal adhesion kinase, an activator of RUNX2 [55]. Most important, miR-138

also controls the osteogenesis of MSCs in vivo, as demonstrated using a murine ectopic
bone formation assay [55]. Both miR-141 and miR-200a inhibit osteogenesis and target
Distal-less homeobox 5 [59], while miR-100 inhibits osteogenesis possibly by targeting
BMP receptor 2 [43]. Of note, injection of miR-182 precursor in zebrafish embryos inhibits
skeleton development, by targeting the transcription factor Forkhead box protein O1 [71].

Osteogenesis is reduced upon expression of miR-705, which targets Homeobox protein
HOXAU10 [84]. Connexin 43 is an important gap junction protein in osteoblasts, which

is a target of miR-206. Remarkably, transgenic mice that ectopically express miR-206 in
osteoblasts show lower bone density and decreased bone formation rate [76]. Silencing
endogenous levels of miR-125b was found to inhibit osteogenesis in a MSC cell line [47],
but not in primary culture of MSCs [48], stressing the difference of cell lines to primary
cultures of MSCs. Also miR-489 and miR-541 inhibit osteogenesis [32, 82], but their targets
in this context are not known.

mMIRNASs InvoLvep N Abipocenic DirrerenTiaTion of MSCs

Osteogenesis and adipogenesis are frequently presented as reciprocally regulated events,
where a common factor induces commitment into one lineage, while blocking the other
[88-90]. Both miR-705 and miR-3077-5p act in this manner, promoting adipogenesis

while inhibiting osteogenesis, and are found at higher levels in mice with osteoporosis as
compared to healthy mice [84]. Similarly, miR-30 family and miR-24, which we discussed
as inhibitors of osteogenesis [28, 39], promote adipogenesis [13, 30]. Also miR-21 promotes
adipogenesis possibly by targeting either SPROUTY2 [24] or transforming growth factor
beta receptor 2 (TGFBR2) [26]. In contrast, ectopic expression of miR-143 and miR-371 has
been shown to promote adipogenesis with no apparent effect on osteogenesis [61, 80], but
the mechanism has not been elucidated.
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Both miR-27a and miR-27b are reduced during adipogenic differentiation of MSCs.
Indeed, both miR-27 family members are strong inhibitors of adipogenesis by targeting

the transcription factors PPAR-y and CCAAT/enhancer-binding protein alpha (C/EBPa)
[33-35]. Both miR-27a and miR-27b are increased in epididymal fat tissue from obese
ob/ob mice as compared to genetically matched lean animals [35]. It is unclear what

exact cell type is responsible for this regulation, but it is presumably a mechanism to
control adipose mass, which may have strong implications in the control and assessment

of obesity in humans. Since the tumor suppressor miR-31 (discussed above as inhibitor of
osteogenesis [40, 41]) also targets C/EBPa, inhibiting adipogenesis [30], it is possible that
miR-31 may actually be a general inhibitor of differentiation. Another tumor suppressor,
let-7, targets interleukin-6 (IL-6) in MSCs and consequently inhibits adipogenesis [18]. In
addition to blocking osteogenesis, miR-138 inhibits adipogenesis, by a mechanism involving
direct binding to the nuclear receptor coregulator adenovirus early region 1-A-like inhibitor
of differentiation 1 [54]. Similarly, miR-335, which inhibits osteogenesis, also inhibits
adipogenesis, [79] although possible targets have not been experimentally tested. Other
inhibitors of adipogenesis include miR-24 [30], miR-155, miR-221, miR-222 [68], and
miR-369-5p which target fatty acid-binding protein 4 [80].

MIRNASs InvoLvep IN CHonorocenesis AN OTHEr DirrerenTiaTion Patiways oF MSCs

The differentiation of MSCs into chondrocytes is regulated by transcription factors such as
SOX9 and growth factors such as the TGF-g superfamily. So far, two miRNAs have been
found to promote chondrogenesis in MSCs and both are increased during chondrogenic
differentiation. These are miR-23b, which targets the beta catalytic subunit of protein kinase
A [29] and miR-140 which acts in part by targeting the 3" UTR of histone deacetylase 4
(HDAC4) [56] and a disintegrin and metalloproteinase with thrombospondin motifs 5, a key
cartilage matrix-degrading protease in osteoarthritis (OA) [57]. The importance of miR-140
during chondrogenesis is also evidenced by the fact that miR-140 is chondrocyte-specific.
In addition, levels of miR-140 are significantly lower in cartilage from donors with OA

as compared to healthy donors [91] and transgenic mice deficient in miR-140 exhibited
age-related OA-like effects like proteoglycan loss and fibrillation of articular cartilage [58].
These observations suggest that miR-140 could be a potential therapeutic target to alleviate
OA.

MiR-199a* and miR-145 inhibit chondrogenesis in a MSC line by targeting SMAD1 and
SOXQ, respectively [63, 64, 74]. Other miRNAs that inhibit chondrogenesis are miR-574—
3p and miR-194, which were found to target retinoid X receptor and osteogenic SOX5,
respectively [72, 83]. Using a bioinformatic approach, miR-449a was described as a
potential regulator of chondrogenesis in part by targeting the 3"UTR of lymphoid enhancer-
binding factor-1, a positive regulator of chondrogenesis [81]. However, experimentally, only
over-expression of this miRNA decreased chondrogenesis, while silencing the endogenous
levels of miR-449a did not affect differentiation.

Rat MSCs in coculture with ventricular myocytes can differentiate into cardiomyocytes in
vitro, a process that is inhibited by over-expression of miR-124, where signal transducers
and activators of transcription 3 (STAT3) is a putative target [45]. In one of the earliest
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publications addressing the function of miR-NAs in MSCs, Greco et al. showed that
miR-130a, miR-206, and miR-302 target MRNAs encoding the tachykinin peptide hormone
family (TAC1), regulating the synthesis of the neurotransmitter substance P in human MSC-
derived neuronal cells [51].

MIRNAS InvoLvep IN ProLiFeraTion, Senescence, Migration, ano Survivar o MSCs

Many miRNAs in MSCs have functions in both differentiation and proliferation.
Differentiation is often associated with cell cycle arrest in GO/G1 [92] and accordingly
miRNAs often play dual functions in differentiation and cell cycle progression/arrest. This is
likely true for miR-21, which promotes osteogenesis and adipogenesis (discussed above) but
inhibits proliferation, targeting STAT3 [27]. Similarly, miR-371 promotes adipogenesis and
inhibits proliferation, while miR-369-5p inhibits both adipogenesis and proliferation [80].
MiR-210 (which promotes osteogenesis) increases cell proliferation by targeting protein
tyrosine phosphatase, nonreceptor type 2 [78]. In contrast, miR-196a, which promotes
osteogenesis, inhibits cell proliferation by targeting HOXCS8 [73]. In addition, miR-16 has
been proposed to promote myogenesis of MSCs, while inducing cell cycle arrest in G1 [21].
Other groups have confirmed miR-16-induced cell cycle arrest in MSCs and have identified
cyclin E1 as a target of miR-16 [22]. Overexpression of miR-124 and miR-499 inhibits

cell proliferation [46, 80]. Although possible targets in MSCs have not been identified, it is
feasible that the mechanism for miR-124 function involves inhibition of STAT3 (see above

[45]).

High glucose can induce cell cycle arrest, an effect that can be reversed with miR-32
mimics, which activate AKT signaling while inhibiting the Wnt pathway [42]. MSCs
genetically engineered to over-express AKT and Angiopoietin 1 show higher proliferation
than control cells, in a manner strongly dependent on expression of miR-143, which targets
ERKS5 [62], suggesting that miR-143 may also promote proliferation of regular MSC. Both
miR-133b and miR-193 promote proliferation of MSCs, where the latter targets inhibitor
of growth family member 5, an inhibitor of cyclin-dependent kinase 2 [53]. Similarly,
miR-146a-5p promotes proliferation and targets the I-x-B kinase epsilon suppressor SIKE1
[14]. Recently, miR-10a was found to promote differentiation, while inhibiting senescence
of MSCs by targeting KLF4 [19].

In addition to inhibiting osteogenic and adipogenic differentiation, miR-335 inhibits
proliferation and migration of MSCs [79]. In contrast, ectopic expression of miR-10b
enhances the migration potential of MSC, correlating with a decrease of e-cadherin [20].
In cancer, miR-10b induces cell migration by directly targeting components of the Rho
GTPase pathway [93-95], suggesting an additional mechanism for the enhanced migration
of MSCs.

miRNAs have also been found to function in apoptotic pathways in MSCs. Blockade of
miR-146a (now called miR-146a-5p), which targets FAS ligand (tumor necrosis factor
superfamily, member 6), abolishes diazoxide-induced cytoprotective effects against lethal
anoxia [67], suggesting a critical role of miR-146a in MSC survival. Also miR-21, miR-23a,
miR-210, and miR-503 promote survival of MSC during hypoxia and serum deprivation
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[23, 44]. MiR-21 may act by preserving mitochondrial function averting the mitochondrial
apoptotic pathway [23], while miR-210 may act by targeting the apoptotic protein Caspase
8-associated protein 2 [44]. MiR-210 is in fact the best-known hypoxia-responsive miRNA
[96]. Also miR-107, which targets the 3"UTR of programmed cell death-10, is upregulated
during anoxia, while loss of function of miR-107 results in increased apoptosis [44].
Maintenance of MSCs in suspension leads to upregulation of miR-125b, which in turn
represses p53, protecting cells against anoikis (death by detachment) [48].

MIRNASs InvoLvep IN Paracrine Errects oF MSCs

Recent studies have also focused on the function of miRNAs in the paracrine effects of
MSCs. These miRNAs may either modulate expression of proteins secreted by MSCs or be
contained in microvesicles and exosomes, to exert their regulatory function in target cells.
The most important paracrine effects of MSCs include supporting hematopoietic stem cells
(HSC:s) in the bone marrow [97-99], promoting angiogenesis and stabilizing blood vessels
[4, 100], and to modulating the immune system [101, 102].

Stromal-derived factor 1 (SDF-1a) is a chemokine crucial for both homing and retention

of HSCs in the bone marrow [103, 104]. Recently, multiple miRNAs including miR-27b,
miR-126, miR-146a-5p, and miR-886-3p have been shown to repress SDF-1a translation
by directly binding to the 3"UTR of SDF-1a mRNA [14, 37, 85, 105-109]. Chen et al.
found that expression of miR-27b (referred above as inhibitor of adipogenesis) is higher in
adipose tissue-derived-MSCs (AT-MSCs) isolated from rats that tolerated orthotopic liver
transplants, as compared to recipients that acutely rejected the transplant [36]. Reduction

of miR-27b led to enhanced mRNA and protein levels of SDF-1a, while the proliferation
of CD4* T lymphocytes was reduced. This could explain the enhanced tolerance found

in AT-MSCs in their model. Expression of miR-126 is restricted to endothelial cells

as it locates within intron 7 of the gene EGF-like domain-containing protein 7 [110].
However, MSCs engineered to ectopically express miR-126 induced increased angiogenesis
upon transplantation into infarcted heart [49]. The possible mechanisms include increased
secretion of angiogenic factors [50], higher retention of the miR-126-expressing MSCs,
and even differentiation of MSCs into an endothelial-like phenotype [111]. In a recent
publication, Zhang et al. demonstrated that miR-126 is also aberrantly expressed in breast
cancer cells [112]. Interestingly, they show that miR-126 and its complementary sequence
miR-126* (both originating from the same precursor) target SDF-1a and as a result
attraction of MSCs toward the tumor is inhibited, both in vitro and in vivo. Indeed, it had
been shown that SDF-1a also acts as a chemokine for MSCs, which express the SDF-1a
receptor CXCR4 [113]. Recently, miR-146a-5p that also targets SDF-1a was also shown to
affect migration of MSCs [14], further supporting the autocrine and paracrine importance of
miRNA-control of SDF-1a. IL-6 induces migration of prostate cancer-derived cells, which
can be repressed by let-7 in MSCs. Consequently, repression of endogenous let-7 enhances
the ability of MSCs to attract prostate cancer cell lines [18].

The immune-suppressive properties of MSCs both in vitro and in vivo (using a murine
model of colitis) are reversed upon ectopic expression of miR-181a, putatively by targeting
TGFBR1 and TGF-g receptor-associated protein 1 [70]. One of the best characterized
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immune suppressive factors released by MSCs is Prostaglandin E2 (PGE2) [101]. It

is therefore particularly relevant that miR-146a-5p was found to directly target PGE2
synthase-2 [65]. In addition, miR-146a-5p mediates the increased expression of IL-8 in
MSCs in response to TNF-a [66], further highlighting the importance of miR-146a-5p

in immune modulatory properties of MSCs. miR-155 inhibits MSC-mediated immune
suppression, as evidenced by an increase in the proliferation of T cells in vitro. In this
context, miR-155 was found to target the 3"UTR of TAK1-binding protein 2, a regulator of
iNOS (NF xB pathway) in MSCs [69].

In addition to regulating expression of endogenous proteins in MSCs, miRNA may also
work through exosomes. Exosomes are 50-90 nm diameter vesicles released by MSCs

and other cell types [114, 115] that contain proteins, mMRNAs, and miRNAs, among other
molecules and are involved in paracrine signaling between MSCs and nearby cells [116].
Around 60 different miR-NAs have been detected by microarray in MSC-derived exosomes.
Commonly, the pre-miRNA form is 200-1,000-fold predominant over the mature species
[115]. Exosomes have been shown to be functionally extremely important, as they provide
therapeutic benefit against myocardial ischemic injury [117], acute kidney injury [118],
stroke [119], and liver fibrosis [120], among others. Nevertheless, the exact mechanisms
underlying exosomal-mediated tissue repair remain largely unknown and strongly demands
further investigation.

Concrusion: Future DirecTions

Our knowledge of the function of miRNAs in MSCs has expanded tremendously within

the last few years. However, many of these studies present caveats that will be important

to address in order to thoroughly understand the underlying molecular mechanisms and
find optimal therapeutic applications to this new knowledge: (a) discoveries in immortalized
cell lines need to be validated in primary cultures. (b) Silencing endogenous levels of a
miRNA is necessary in order to better understand the magnitude of a miRNA-associated
effect; notice how miRNA inhibitors commonly exert milder effects as compared to over-
expression (to supraphysiological concentrations) of miRNA mimics. (c) To study the
function of mMiRNAs in relevant in vivo models is of highest urgency. (d) Investigators
should confirm the specificity of their miRNA detection method, in particular within
family members. For example, mature let-7a and let-7c differ in a single nucleotide. Do
investigators accurately distinguish between these two let-7 members? (€) Commonly,
potential MiRNA targets are identified by computational prediction algorithms which
typically predict hundreds to thousands of target genes for each miRNA [121]. However,
only one or a few of these predicted targets are validated experimentally, typically using

a luciferase-reporter system [122]. It is therefore important to perform gain-of-function
assays (e.g., by cotransfecting with the target gene without 3"UTR) in order to demonstrate
experimentally if the identified miRNA target is biologically relevant. In addition, thorough
identification of miRNA targets, as applied to other cell types [123, 124] will be essential.

Progress in the study of the role of miRNAs in MSCs will facilitate the translation of this
new field to a therapeutic level, where miRNA can be used as biomarkers or become direct
pharmacological targets to treat MSC-associated diseases. A comprehensive understanding
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of the effects of miR-NAs in MSCs at both molecular and physiological levels is of
utmost importance. Having addressed this, MSCs could be genetically modified to alter
their miRNA profile, thus enhancing their therapeutic benefit.
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Figure 1.

Schematic overview of microRNAs (miRNAs) regulating osteogenic differentiation of
mesenchymal stromal cells. Proteins and miRNAs that promote osteogenesis are indicated in
blue, while inhibitors are depicted in red.
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Consensus microRNAs (miRNAs) expressed in mesenchymal stromal cells (MSCs)

Table 1.

let-7a  miR-10a miR-27b miR-103 miR-151a  miR-222
let-70 miR-10b  miR-29a  miR-107 miR-152 miR-320a
let-7c miR-16 miR-29b miR-125a miR-181la miR-484
let-7d  miR-21 miR-30a miR-125b  miR-191  miR-1260b
let-7e miR-23a miR-30d miR-130a miR-193a
let-7f  miR-23b  miR-31 miR-138  miR-199a
let-79 miR-24  miR-99b  miR-143 miR-214
let-7i miR-26a  miR-100 miR-145 miR-221

Page 17

Depending on the method for detection and MSC source, distinct miRNA signatures have been described. This table shows miRNAs that were
detected among the top 50 in either one of the RNAseq datasets and in at least three different microarray datasets. For complete list of RNAseq and

microarrays addressing miRNA expression in MSCs, see Supporting Information Table S1.
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