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Summary. Adipose-derived stem cells (ASCs) are
multipotent mesenchymal stem cells obtained from
stromal-vascular fraction of adipose tissue. ASCs are a
promising resource for cell therapy due to their simple
isolation, extensive expansion potential, and low
immunogenicity. ASCs repair and regenerate damaged
tissue by direct differentiation, whereas many other
approaches rely on the secretion of paracrine factors.
miRNAs target mRNAs for cleavage or translational
repression, and have been shown to play critical roles in
the regulation of stem cell proliferation and
differentiation. The miRNA expression profile of ASCs
varies according to the isolation and culturing method,
and more than 40 different miRNAs have been reported
to regulate ASC proliferation and differentiation.
Therefore, this review summarizes the ASC-related
miRNAs and their pivotal roles in regulating the
proliferation and differentiation of ASCs. A
comprehensive understanding of the effects of miRNAs
on the proliferation and differentiation of ASCs is
important and useful to enhance the regenerative
potential of ASCs.
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Introduction

microRNAs (miRNAs) are short non-coding RNAs
that are involved in the post-transcriptional regulation of
gene expression and influence diverse biological
activities (Lee et al., 1993; Wightman et al., 1993). Most
mature miRNAs are produced from long pri-miRNAs,
ranging from hundreds to thousands of nucleotides,
through cleavage to hairpin pre-miRNAs by
DROSHA/DGCRS in the nucleus, and subsequent
cleavage to the mature miRNA by DICER in the
cytoplasm (Kim et al., 2009a-d; Winter et al., 2009). The
mature miRNA is then incorporated into the RNA-
induced silencing complex to regulate gene expression.
Genomic studies have revealed that a single miRNA can
regulate hundreds of targets (Lewis et al., 2005; Helwak
et al., 2013). Therefore, miRNAs constitute a complex
regulatory network, and emerging evidence suggests that
they are closely involved in controlling the key steps of
stem cell proliferation and differentiation
(Schoolmeesters et al., 2009; Lakshmipathy et al., 2010;
Zhang et al., 2012). In addition, miRNAs are crucial for
self-renewal and act as important regulators of
pluripotency in embryonic stem cells (Tay et al.,
2008a,b; Lakshmipathy et al., 2010). For example, Tay
et al. identified three miRNAs (miR-134, miR-296, and
miR-470) that inhibit the expession of OCT4, SOX2,
and NANOG, and as such, affect the differentiation of
embryonic stem cells (Tay et al., 2008a,b).

As described, miRNAs have diverse roles in
regulating stem cell function and pluripotency, but their
roles in mesenchymal stem cells (MSCs) have been
poorly understood. The global miRNA expression
profile of MSCs varies depending on the tissue of origin,
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species, and detection methodology, although certain
miRNAs are consistently found in all types of MSCs
(Schoolmeesters et al., 2009; Chen and Lim, 2013; Yoo
et al., 2014). Of MSCs, adipose-derived stem cells
(ASCs) are multipotent stem cells present in the stromal-
vascular fraction of adipose tissue, and can differentiate
into adipocytes, chondrocytes and osteoblasts (Zuk et al.,
2001, 2002). ASCs are ideal candidates for cell-based
therapies due to their ease of isolation, extensive
expansion potential, and low immunogenicity. ASCs are
expected to contribute to the replacement of damaged
tissue (i.e., bone and cartilage) by direct differentiation,
as they secret paracrine factors to modulate the immune
response and promote angiogenesis (Gimble et al., 2007,
2011; Kim et al., 2007, 2009a-d; Park et al., 2008). A
number of recent studies have reported that miRNAs
have multiple functions in the proliferation and
differentiation of ASCs (Kim et al., 2009¢c; Zhang et al.,
2012b; Chen et al., 2014a; Martin et al., 2016). For
example, miR-21 regulated the proliferation of ASCs
and induced adipogenic differentiation (Kim et al.,
2009c¢). To date there is only one review summarizing
how miRNAs regulate ASCs, and it describes the role of
miRNAs in ASCs differentiation (Chen et al., 2014a).
Therefore, the present review focuses on miRNAs and
their role in the regulation of both the proliferation and
differentiation of ASCs, and provides updates on the
recent advances in the miRNA-based regulation of
ASCs.

miRNAs involved in the proliferation of ASCs

As described, many miRNAs have functions in both
the proliferation and differentiation of ASCs, and
miRNAs related to ASC proliferation are summarized in
Fig. 1 and Table 1. Jung’s group is a pioneer in the
miRNA-dependent regulation of ASCs, and they
reported several miRNAs that regulate the proliferation
of ASCs (Kim et al., 2009a,b). For example, miR-196a

Table 1. miRNAs and ASC proliferation.

decreased the proliferation of ASCs by targeting
HOXCS (Kim et al., 2009a-d), and miR-21 regulated the
proliferation of human (h)ASCs acting through the
SMAD3 pathway (Kim et al., 2009a-d). miR-486-5p
induced replicative senescence by repression of SIRT1,
and inhibited the proliferation of hASCs (Kim et al.,
2012). Similarly, miR-137 also inhibited the
proliferation of hASCs by directly targeting CDC42
(Shin et al., 2014). In addition, Chen et al., reported that
miR-363 inhibited mitotic clonal expansion of ASCs
through E2F3 inhibition (Chen et al., 2014b).

By contrast, miR-302d induced proliferation and
inhibited the oxidant-induced cell death in ASCs through
its targeting of CDKNI1A and CCLS5 (Kim et al., 2014).
Transfection of ASCs with members of the miR-302
family upregulated the mRNA expression levels of
pluripotency markers such as OCT4, NANOG, and
SOX2 (Taha et al., 2014). Our group also found that
miR-210 responded to hypoxia and reactive oxygen
species (ROS), and increased the proliferation and
migration of ASCs through PTPN2 downregulation
(Kim et al., 2013). Furthermore, ROS generation
increased phosphorylation of NF-xB and ELK1, and, in
turn, these transcription factors regulated miR-210
expression in ASCs (Kim et al., 2013). As ASC
expansion is required to increase the cell number prior to
transplantation, modulation of these miRNAs could be
used to increase the yield during large-scale production.
Although their direct targets have not been identified,
miR-34a and miR-1908 also reportedly regulated the
proliferation of ASCs (Park et al., 2015; Yang et al.,
2015).

miRNAs and differentiation

ASCs share many properties with other MSCs, such
as the potential for differentiating into multiple cell
types. ASCs can differentiate into adipogenic,
osteogenic, chondrogenic, hepatogenic, and neurogenic

miRNA Target Function Reference
miR-34a not identified m|R-34a_ decrea§ed ASC pro_llferatlon . Park et al., 2015
Expression of miR-34a was increased as the cell passage number was increased

miR-1908  not identified miR-1908 overexpression increased ASC proliferation Yang et al., 2015
— ) . Transfection of ASCs with miR-302 family members upregulated the mRNA

miR-302  not identified expression levels of OCT4, NANOG, and SOX2 mRNAs Tahaetal., 2014

miR-302d CDKN1A, CCL5 miR-302d induced proliferation and inhibited oxidant-induced cell death in ASCs Kim et al., 2014

miR-363 E2F3 miR-363 inhibited mitotic clonal expansion and terminal differentiation of ASCs Chen et al., 2014b

miR-137 CDC42 miR-137 inhibited the proliferation and adipogenic differentiation of hRASCs by directly targeting CDC42 Shin et al., 2014
o miR-210 responded to ROS, and increased the proliferation and migration of ASCs )

miR-210 PTPN2 NF-«kB and Elk1 regulated miR-210 expression Kim et al., 2013

miR-486-5p SIRT1 miR-486-5p induced replicative senescence and inhibited proliferation of hRASCs Kim et al., 2012

miR-21 TGF receptor-32

miR-21 regulated the proliferation and adipogenic differentiation
of hASCs by acting through the SMAD3 pathway

Kim et al., 2009¢

miR196a  HOXC8

miR-196a decreased hASC proliferation and osteogenic differentiation by targeting HOXC8

Kim et al., 2009d
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lineages (Zuk et al., 2001, 2002). Therefore, this chapter
summarizes miRNAs involved in various differentiation
routes of ASCs.

microRNAs involved in adipocyte differentiation

ASCs originate from adipose tissue. They are the
precursors of preadipocytes, which eventually
differentiate into adipocytes. Adipogenic differentiation,
including the increase in the size and number of
adipocytes, induces adipose tissue expansion. Therefore,
there is plentiful evidence of the involvement of
miRNAs in the regulation of adipocyte differentiation of
ASCs (Fig. 2, Table 2). For example, Tang et al. used the
miRNA-chip technology to examine changes in miRNA
expression, and found that miRNA-31, miR-125b-5p,
and miRNA-326 were significantly deregulated in
association with adipogenic differentiation (Tang et al.,
2009). Chen et al. also performed a microarray analysis
and found that miR-363 was downregulated during
adipogenic differentiation, and its overexpression in
ASCs was associated with the inhibition of the mitotic
clonal expansion and terminal differentiation through the
reduction of E2F3 expression (Chen et al., 2014a-d).
miRNA-138 also played an inhibitory role during the
adipogenic differentiation of ASCs by targeting EID-1

adipogenic differentiation through HDAC6 inhibition
(Huang et al., 2012).

Peroxisome proliferator-activated receptor-y (PPAR-
v) is present mainly in adipose tissue, and regulates fatty
acid storage and glucose metabolism (Spiegelman et al.,
1997; Spiegelman, 1998; Fajas et al., 2001). PPAR-y
acts as both a receptor and transcription factor, and
genes activated by PPAR-y stimulate lipid uptake and
adipogenesis. Therefore, PPAR-v is a key player in
adipogenic differentiation, and miRNAs that target
PPAR-y to inhibit adipogenesis have been reported (Lee
et al., 2011; Chen et al., 2015b). miR-130 and miR-540
impaired adipogenesis by acting on this transcription
factor (Lee et al., 2011; Chen et al., 2015a,b). miR-27b
also exhibited an inhibitory effect on adipogenic
differentiation of hASCs that was mediated by the
repression of PPAR-y (Karbiener et al., 2009).
Concomitantly, overexpression of miR-27a or miR-27b
inhibited adipocyte differentiation by regulating PPAR-y
and PROHIBITIN expression (Karbiener et al., 2009;
Kang et al., 2013).

Conversely, some miRNAs induce the adipogenic
differentiation of ASCs. The expression of miR-21 was
transiently increased after induction of adipogenic
differentiation, and miR-21 induced adipogenesis (Kim
et al., 2009¢c). miR-21 was a negative mediator of TGF-f3

(Yang et al., 2011). Similarly, miR-22 inhibited ASC signaling in hASCs as it impaired SMAD3
miR-21 miR-137
TGF /
Receptor-32 CDCa2
miR-302d miR-363
CDKN1A \/
CCLS \ E2F3
| K?
- Prollferatlon
/\GSK3B HoxC8/\
miR-137 f \ miR-196a
miR-210 miR-486-5p Fig. 1. miRNAs involved in the proliferation ASCs.
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Table 2. miRNAs and adipogenic differentiation.

miRNA Target Function Reference
miR-34a not identified miR-34a inhibited adipogenesis and osteogenesis of ASCs Park et al., 2015
miR-140 NEAT1 miR-140 knockout in ASCs dramatically decreased adipogenic differentiation Gernapudi et al., 2015
miR-125a-3p, miR-125a-3p and miR-483-5p coordinately promoted adipogenesis by
miR-483-5p RhoA, ERKT suppressing the RhoA/ROCK1/ERK1/2 pathway Chen etal., 20152
. miR-148a is a human and murine obesity biomarker .
miR-148a WNTH miR-148a promoted adipocyte differentiation Shiet al,, 2015
o oA miR-204-5p promoted adipogenesis by controlling DVL3 expression and
miR-204-5p DVL3 subsequently inhibiting the activation of the WNT/B-catenin signaling pathway He etal,, 2015
miR-540 PPAR-y miR-540 is negative regulator of adipogenic differentiation Chen et al.,, 2015b
miR-1908 not identified miR-1908 inhibited adipogenic differentiation Yang et al., 2015
miR-146b KLF7 miR-146b overexpression promoted adipogenic differentiation Chen et al., 2014c
miR-137 CDC42 miR-137 inhibited adipogenic differentiation of hASCs Shin et al., 2014
miR-27 PROHIBITIN Overexpressmn of_mlR-27a_or m|R_-2_7b inhibited PROHIBITIN Kang et al., 2013
expression and adipocyte differentiation
miR-27b PPARy miR-27b abundance decreased during adipogenesis miR-27b inhibited PPARy and C/EBPa Karbiener et al., 2009
i miR-363 is a novel regulator of adipogenesis
miR-363 E2F3 miR-363 inhibited mitotic clonal expansion and terminal differentiation of ASCs Chen et al., 2014b
miR-17-5p, m'R_BMPZ m|B-17-5p {and m|B-1_0§a have dual fun_ctlons; both promoted Lietal, 2013
106a adipogenesis and inhibited osteogenesis
miR-22 HDAC6 Upregulation of miR-22 inhibited adipogenic differentiation Huang et al., 2012
miR-30c PAI-1, ALK2 !'an-300 expression was mcrgased during adipogenesis; _mlR-3(_)c overexpression Karbiener et al., 2011
induced the expression of adipocyte marker genes and triglyceride accumulation
o Expression of miR-30 family members was up-regulated during adipogenic differentiation .
miR-30 RUNX2 miR-30a and miR-30d stimulated adipogenesis Zaragosi et al., 2011
o Overexpression of miR-130 impaired adipogenesis and
miR-130 PPARY inhibition of miR-130 enhanced adipogenesis Lee etal,, 2011
miR-138 EID-1 miR-138 inhibits adipogenic differentiation of hASCs Yang et al., 2011
miR-21 TGF miR-21 expression was transiently increased after induction of adipogenic differentiation Kim et al., 2009¢

receptor -2

miR-21 induced adipogenesis

miR-31, miR-326 not identified

miR-31 and miR-326 were downregulated in the process of ASC adipogenic differentiation

Tang et al., 2009

miR-17-5p
miR-106a
miR-30c¢
miR-363
BMP2 miR-27-b
miR-30 PAI-1, ALK2 l A :;::;ig
RUNX2 \ PPARy
\ \/ miR-140
miR-146b\{ - /NMT1
—

miR-125a-3p______ RheA__—>

A-

f PROHIBITINF—— miR-27

miR-483-5p ERK1

TGFR-B

miR-21

miR-148

Adipogenic
Differentiation

EID—‘I\
miR-138

NT1 / T \ cDc42
VL3 GSK3p /\

HDAC6 miR-137

miR-204-5p miR-205

miR-22

Fig. 2. miRNAs involved in the adipogenic differentiation of ASCs.
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phosphorylation. miR-30a and miR-30d functionally
stimulated adipogenesis by downregulating the
transcription factor RUNX2, a major regulator of
osteogenesis (Zaragosi et al., 2011). miR-30c expression
was also increased during adipogenesis and its
overexpression induced the expression of adipocyte
marker genes and triglyceride accumulation through
PAI-1 and ALK2 repression (Karbiener et al., 2011).
miR-17-5p and miR-106a have dual functions, as they
promoted adipogenesis as well as inhibited osteogenesis
through BMP2 signaling in ASCs (Li et al., 2013). miR-
125a-3p and miR-483-5p coordinately promoted
adipogenesis by suppressing the RhoA/ROCK1/ERK1/2
pathway (Chen et al., 2015a,b). Similarly, miR-146b
overexpression promoted adipogenic differentiation by
inhibiting KLF7 (Chen et al., 2014a-c).

WNT proteins are secreted glycoproteins that act as
signaling molecules and have important effects in stem
cell biology and adipogenic differentiation (Bennett et
al., 2002; Keats et al., 2014; Song et al., 2014).
Activation of WNT/B-catenin signaling promotes
differentiation of ASCs into myocytes and osteocytes
while suppressing their commitment to the adipocyte
lineage and terminal differentiation (Keats et al., 2014;
Song et al., 2014; Shen et al., 2016). The involvement of
miRNAs in the regulation of the WNT pathway has been
reported. For example, miR-148a is a biomarker of
obesity and it promoted adipocyte differentiation

through WNT1 inhibition (Shi et al., 2015). Similarly,
miR-204-5p promoted adipogenesis by controlling the
expression of a WNT antagonist DVL3, and
subsequently inhibiting the activation of the WNT/p-
catenin signaling pathway (He et al., 2015).

miRNAs involved in osteogenic differentiation

ASCs are capable of differentiating into an
osteogenic lineage. BMP signaling and its downstream
mediators SMAD1 and RUNX?2 play a key role during
osteogenic differentiation. Thus, upon their
downregulation, some osteoblast marker genes such as
alkaline phosphatase, osteocalcin, osteopontin, and type
I collagen became dysregulated. Multiple miRNAs have
been found to regulate osteogenic differentiation of
ASCs through their binding to the mRNAs of osteogenic
transcription factors and blocking their translation (Fig.
3, Table 3). Zhang et al. investigated the miRNA
expression profile during osteogenic differentiation of
ASCs (Zhang et al., 2012b). They found that four
miRNAs (miR-17, miR-20a, miR-20b, and miR-106a)
were up-regulated and four miRNAs (miR-31, miR-
125a-5p, miR-125b, and miR-193a) were down-
regulated during ostogenic differentiation.

Overexpression of miR-100 inhibited osteogenic
differentiation of hASCs through BMPR?2 inhibition
(Zeng et al., 2012). miR-26 expression increased during

miR-196b
miR-22 HOXC8 miR-262
l GSK3p

Sy

miR-31 ———{SATB2—>

F——BMPR2 —— miR-100

Osteogenic
Differentiation
HOXA2 T BMP2
miR-135 SERP2 miR-17-5p
DKk2 miR-106a
miR-218 Fig. 3. miRNAs involved in the osteogenic differentiation of ASCs.
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osteogenic differentiation of hASCs, but miR-26
inhibited the osteogenic differentiation of ASCs through
the SMADI1 transcription factor, an important
downstream mediator of BMP signaling (Luzi et al.,
2008, 2012). miRNA-26a also modulated the late
osteoblast differentiation of ASCs, and its expression
was regulated by MEM1. However, reports on the role
of miR-26a during osteogenesis are controversial (Su et
al., 2015; Wang et al., 2015). Overexpression of miR-
26a promoted hASC osteogenesis, and osteogenesis was
repressed by miR-26a knockdown (Su et al., 2015).
miR-26a directly targeted the 3'UTR of GSK3f3,
suppressing the expression of the GSK3f protein. In
addition, miR 26a transfection significantly improved
the osteogenic potency of ASCs when grown on a
hydroxyapatite scaffold (Wang et al., 2015).

Certain miRNAs have been indicated as positive
regulators in the osteogenic differentiation of ASCs
(Kim et al., 2009a-d; Deng et al., 2013; Zhang et al.,
2014). For example, Kim et al. reported that miR-196a
was upregulated in osteogenic differentiation of ASCs
and enhanced this process by targeting the HOXCS8 gene
(Kim et al., 2009a-d). Another positive regulator of
osteogenic differentiation was miR-218. It was
upregulated during osteogenic differentiation, and
enhanced osteogenic differentiation by targeting SFRP2
and DKK?2, both of which are antagonists of the WNT
signaling pathway (Zhang et al., 2014). miR-31
transfection enhanced osteogenic differentiation through
SATB2 inhibition, and miR-31-modified ASCs repaired
rat critical-sized calvarial defects (Deng et al., 2013).
miRNA-22 also acted positively on osteogenic
differentiation, with enhanced alkaline phosphatase
activity and increased levels of osteo-specific markers.
Furthermore, miRNA-22 directly repressed HDAC6 to
regulate the balance between osteogenic and adipogenic
differentiation of ASCs (Huang et al., 2012). miR-135

Table 3. miRNAs and osteogenic differentiation.

was upregulated during osteogenesis and repressed
HOXA?2 expression through binding to the 3'UTR of the
HOXA2 mRNA, and as such the miR-135/HOXA2/
RUNX?2 pathway contributed to the regulation of
osteogenesis and bone regeneration (Xie et al., 2016).
Finally, co-transduction of miR-148b and BMP-2 also
promoted the osteogenic differentiation of hASCs (Liao
etal., 2014).

Chondrogenic, neuronal and hepatogenic differentiations

Although a significant proportion of the evidence
reports on the chondrogenic differentiation of ASCs,
studies describing an involvement of miRNAs in
chondrogenesis are few (Fig. 4, Table 4). Eight miRNAs
(miRNA-193b, miRNA-199a-3p/hsa-miRNA-199b-3p,
miRNA-455-3p, miRNA-210, miRNA-381, miRNA-
92a, miRNA-320c and miRNA-136) were identified as
being upregulated, whereas another four miRNAs
(miRNA-490-5p, miRNA-4287, miRNA-BARTS8* and
miRNA-US25-1*%) were downregulated during
chondrogenic differentiation (Zhang et al., 2012a). Hou
et al. also found that miR-193b expression changed
significantly during chondrogenesis of ASCs and that it
inhibited early chondrogenesis by targeting TGF-B2 and
TGFR-33 (Hou et al., 2015a). They also found that the
expression of miR-92a was elevated during the
chondrogenic differentiation of hASCs, and that it
enhanced the expression levels of col9a2 and aggrecan.
A total of 279 genes were predicted as potential target
genes of miR 92a (Hou et al., 2015b). miR-194 levels
gradually decreased during the chondrogenic
differentiation of hASCs (Xu et al., 2012). Down-
regulation of miR-194 increased its direct target gene,
SOXS5, and resulted in enhanced chondrogenic
differentiation of hASCs, whereas up-regulation
decreased SOXS5 and inhibited chondrogenesis.

miRNA  Target Function Reference

o miR-135 was upregulated during osteogenesis )
miR-135  HOXA2 miR-135/HOXA2/RUNX2 pathway might contribute to the regulation osteogenesis and bone regeneration by ASCs Xie et al., 2016
miR26a  GSK3pB miR-26a enhanced the osteogenic differentiation of MSCs, but inhibited the osteogenic differentiation of ASCs Su et al., 2015

miR-26a  not identified miR 26a transfection significantly improved the osteogenic potency of ASCs in a hydroxyapatite scaffold

Wang et al., 2015

miR-26a  SMAD1 MEM1 regulated the expression of miR-26

Luzi et al., 2012

miR-26a  SMAD1

miR-26 expression increased during osteogenic differentiation of hASCs
miR-26 inhibited the osteogenic differentiation of ASCs

Luzi et al., 2008

miR-148b notidentified Co-transduction of miR-148b and BMP-2 promoted the osteogenic differentiation of hASCs

Liao et al., 2014

SFRP2,

miR-218 was upregulated during osteogenic differentiation and enhanced the

miR-218 DKK2 osteogenic differentiation through the WNT/B-catenin signaling pathway Zhang etal., 2014
miR-31 SATB2 miR-31 transfection enhanced osteogenic differentiation Deng et al., 2013
et 2013
miR-100 BMPR2 Overexpression of miR-100 inhibited osteogenic differentiation of hASCs Zeng et al., 2012
miR-22 HDAC6 Upregulation of miR-22 promoted osteogenic differentiation Huang et al., 2012

miR196b HOXC8

miR-196a enhanced osteogenic differentiation of ASCs

Kim et al., 2009d




ASCs can also differentiate into neuron-like cells
and such differentiation is mediated by IGF-1 signaling
(Ning et al., 2008). Both IBMX and IGF-I upregulated
the neuronal differentiation and miR-133b expression in
ASCs (Ning et al., 2009). Overexpression of miR-133b

miRNA regulation of ASCs

Table 4. miRNAs and other differentiation pathways.

downregulated PITX3 and IGF-1 receptor (IGFR-1), as
miR-133b targets the 3'UTR of IGFR-1 (Ning et al.,
2009). IGF-1 signaling and miR-133b co-regulate
potential neural differentiation of ASCs through a
feedback mechanism, in which IGF-1 upregulates miR-

miRNA Target Function Reference
miR-92a  not identified E)l(pression of miR-92a was eleyated during the chondrogenic differentiation of hASCs Hou et al., 2015b
miR-92a enhanced the expression of col9a2 and aggrecan
miR-193b TGF-B2, TGFR-B3 miR-193b inhibited early chondrogenesis Hou et al., 2015a
miR-194  SOX5 miR-194 Ievgls gradl_JaIIy decreased during the ch(_)ndr_ogenlc_ dl_fferentlatlon of hASCs Xu et al., 2012
downregulation of miR-194 enhanced chondrogenic differentiation
o miR-124 suppressed Sp1 expression, which in turn )
miR-124  Sp1 increased the neuronal differentiation of ASCs Mondanizadeh et al., 2015
miR-133b  IGFR-1 IBMX and IGF-1 upregulated miR-133b expression during neurogenesis Ning et al., 2009
Let-7f not identified Let-7f negatively regulated the hepatic differentiation of ASCs Davoodian et al., 2014b
Let-7b HNF4a, HNF6 Transient inhibition of Let-7b activated the hepatic differentiation of ASCs Alizadeh et al., 2015
o ) - miR-122 was upregulated during hepatic differntiation and its overexpression increased .
miR-122 notidentified expression of several hepatocyte markers such as ALB, AFP, CK18, CK19, HNF4a Davoodian et al., 2014a
Adipose-dérived stem Cell
<€<——miR-92a
l IGFR-1} miR-133b  |€——miR-122
I TGF-B: | miR-193b
TGFR-B:
|€——sP1 ——miR-124 <—::t‘:;?
[——— Sox5 ——miR-194
v \ v v
4
W
Chondrocyte Neuron Hepatocyte Fig. 4. miRNAs involved in the chondrogrnic,

neuronal, and hepatogenic differentiation of ASCs.
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133b and in turn miR-133b downregulates IGFR-1. In
addition, miR-124 was expressed abundantly in neurons
and increased the neuronal differentiation of ASCs,
through its direct targeting of Spl 3'UTR
(Mondanizadeh et al., 2015).

miRNA involvement during hepatocyte differentia-
tion has also been reported (Table 4). The let-7 miRNA
family, and in particular let-7b, was reported to inhibit
the hepatic commitment of hASCs. Inhibition of let-7b
caused an upregulation of liver-enriched transcription
factors (HNF4a and HNF6) and increased the expression
of miR-122 (Alizadeh et al., 2015). Similarly, let-7f has
been revealed as a negative regulator of hepatic
differentiation, and inhibition of let-7f facilitated the
induction of hASCs into hepatocyte-like cells
(Davoodian et al., 2014a). miR-122 was upregulated
during hepatic differentiation of hASCs, and stable miR-
122 overexpression in hASCs resulted in an increased
expression of hepatocyte markers such as ALB, AFP,
CK18, CK19, and HNF4a (Davoodian et al., 2014a).

Conclusion

Our knowledge of the regulation of miRNAs in stem
cells has expanded tremendously over the last few years.
Therefore, miRNAs have become the emerging
regulators in the control of stem cell self-renewal and
differentiation. In this review, we focused on the
biological activity of miRNAs in ASCs. Here, we
describe evidence that specific miRNAs participate in
ASCs proliferation and differentiation. For example, we
used approximately forty references to make four tables
and one figure to summarize the miRNAs that are
involved in the regulation of ASCs. We have listed the
miRNAs involved in the proliferation, and adipogenic
and osteogenic differentiation of ASCs in separate
tables. In addition, miRNAs involved in the
chondrogenic, neurogenic and hepatogenic differentia-
tion of ASCs are summarized in one table. As shown in
the tables, miRNAs have diverse inhibiting and
stimulating effects on the proliferation and
differentiation of ASCs. Although some studies did not
identify the target molecule, miRNAs have an important
effect on the proliferation and differentiation of ASCs by
regulating target mRNAs.

An understanding of the roles of miRNAs in the
proliferation and differentiation of ASCs will greatly
facilitate their application at a therapeutic level, where
miRNAs can be used as direct pharmacological targets
to treat ASC-associated diseases. In other words, ASCs
could be genetically modified to alter their miRNA
profile and regulate the expression of specific mRNAs,
and such genetically modified ASCs could enhance the
therapeutic potential of ASCs in the clinic. Therefore, a
comprehensive understanding of the effects of miRNAs
on the proliferation and differentiation of ASCs at both
the molecular and physiological level is very important
and valuable to enhance the regenerative potential of
ASCs.
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