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microRNA-196a promotes osteogenic differentiation
and inhibit adipogenic differentiation of adipose
stem cells via regulating 3-catenin pathway
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Abstract: microRNAs play important roles in proliferation and differentiation of stem cells, but mechanisms by
which microRNAs regulate osteogenic or adipogenic differentiation of adipose stem cells (ASCs) are still poorly
understood. In the present study, results showed up-regulation of microRNA-196a was able to promote the osteo-
genic differentiation of ACSs, but down-regulation of microRNA-196a induced adipogenic differentiation. Further
investigation indicated microRNA-196a could regulate Wnt signaling pathway to affect osteogenic or adipogenic
differentiation of ASCs, addition of Wnt agonist 1 was able to reverse the down-regulated osteogenic differentiation
of ASCs caused by microRNA-196a deficiency and inhibition of Wnt signaling pathway with XAV939 promoted the
adipogenic differentiation of ASCs. Taken together, microRNA-196a may regulate Wnt signaling pathway to promote
the osteogenic differentiation and inhibit the adipogenic differentiation of ASCs.
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Introduction

Adipose stem cells (ASCs) have multi-direction-
al differentiation potential and can differenti-
ate into adipogenic cells, osteogenic cells, and
chondrogenic cells [1]. ASCs secret a large am-
ount of cytokines to promote tissue repair [2,
3], and thus increasing attention has been paid
to the usage of ASCs. To date, ASCs have been
widely used in the clinical treatments of some
diseases including myocardial ischemia [4],
hepatic fibrosis [5], arthritis [6], and diabetic
foot [7], and they have been one of seed cells
with most applicable prospect in regenerative
medicine. However, the proliferation and differ-
entiation potentials of ASCs reduce with the
passage. The osteogenic differentiation is sig-
nificantly inhibited, while the adipogenic differ-
entiation remains unchanged. Thus, to deeply
investigate the mechanisms by which the os-
teogenic and adipogenic differentiation of ASCs
is regulated is helpful to improve the efficiency

of osteogenic differentiation of ASCs, therefore
increasing the therapeutic efficacy.

microRNAs are a group of short-chain non-cod-
ing RNA that can regulate gene expression [8].
Studies have shown that microRNAs play impor-
tant roles in the self-renewal and differentiation
of adult stem cells. Oskowitz and his colleagues
[9] knocked out Dicer and Dorsha (two key
enzymes in the maturation of microRNAs) in the
bone marrow stromal cells and found the osteo-
genic and adipogenic differentiation of stromal
cells was significantly inhibited. Ting et al [10]
found microRNA-27 could inhibit the PHB activ-
ity to block the adipogenic differentiation of
ASCs. Chen et al [11] confirmed that mciroR-
NA-375 was able to promote the osteogenic dif-
ferentiation of ASCs in vivo and in vitro. However,
studies reveal microRNA-21, microRNA-30 and
microRNA-106 are able to induce the adipogen-
ic differentiation of ASCs. Taken together, mi-
croRNAs are crucial for the regulation of osteo-
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genic and/or adipogenic differentiation of stem
cells.

microRNA-196a is a potential tumor marker
[12, 13]. Recent studies indicate that microR-
NA-196a can facilitate the occurrence and
development of cervical cancer [14], head and
neck cancer [15], colorectal cancer [16] and
NSCLC [17]. In addition, there is evidence show-
ing that microRNA-196a also has multiple bio-
activities including enhancement of neuron
morphology and neuroprotective effect [18],
induction of osteogenesis [19] and regulation
of bone density [20]. These findings remind us
that microRNA-196a may facilitate the osteo-
genic differentiation of ASCs. Kim et al also
confirmed this hypothesis [21]. It was found the
osteogenic and adipogenic differentiation of
ASCs determined the fate of ASCs during their
development and aging, the up-regulation of
osteogenic differentiation of ASCs is inevitably
accompanied by the down-regulation of their
adipogenic differentiation, and microRNA-196a
may regulate the fate of ASCs. In the present
study, loss of function and gain of function were
employed to investigate the effects of microR-
NA-196a on the osteogenic and adipogenic dif-
ferentiation of ASCs. Results showed microR-
NA-196a could promote the osteogenic differ-
entiation of ASCs, but concomitantly inhibit th-
eir adipogenic differentiation. Further investiga-
tion revealed microRNA-196a could regulate
Wnt/B-catenin signaling pathway to promote
the osteogenic differentiation of ASCs and in-
hibit their adipogenic differentiation.

Materials and methods
Isolation of ADSC and cell culture

All protocols involved in this study were ap-
proved by the Ethics Committee of Shanghai
Tenth People’s Hospital and written informed
consent were collected from all the patients.
Methods for the isolation of ASCs were estab-
lished as previously reported [22]. Briefly, adi-
pose tissues were incubated with 0.1% collage-
nase | for 60 min in 37°C. After neutralization
with fetal bovine serum (FBS), the resultant
solution was filtered through 100-um mesh,
and ASCs were collected by centrifugation at
1500 rpm 10 min. Then, cell sediment was sus-
pended in DF12 medium supplemented with
10% FBS and 1% penicillin/streptomycin.
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Osteogenic induction and quantification

The osteogenic differentiation was performed
when ASCs reached 80% confluence. Osteog-
enic induction medium was used to induce
osteogenic differentiation. Induction medium
was refreshed once every other day. After 7-day
induction, alkaline phosphatase was detected
by BCIP/NBT alkaline phosphatase detection
Kit. Osteogenic differentiation was completed
after 21-days induction and confirmed by aliza-
rin red staining. Alizarin red was dissolved for
quantifications previously reported [22].

Adipogenic induction and quantification

The adipogenic induction was performed when
ASCs reached 80% confluence. Adipogenic in-
duction medium was utilized to induce adipo-
genic differentiation. Induction medium was re-
freshed once every other day. Adipogenic dif-
ferentiation was completed after 21-day induc-
tion and confirmed by oil red staining. Oil red
was dissolved for quantification as previously
reported [22].

Real-time quantitative PCR

For gene expression detection, total RNA was
isolated by using TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions.
Then, reverse transcription was performed to
synthesize the first strand of cDNA. Quantifi-
cation of targeted gene was performed via real-
time quantitative PCR by using SYBR Green
PCR Kit. GAPDH and 18S were loaded as inter-
nal controls. The primers used in this study are
listed in Table 1. The gene expression was
determined with 222°t method.

Western blotting

Cells were lysed in RIPA buffer supplemented
with 1% PMSF. Protein concentration was deter-
mined with BCA method. Primary antibodies
against Wntba, [B-catenin, pho-B-catenin and
GAPDH (1:1000) were independently incubated
with the membrane transferred with proteins at
4°C for 16-h. Then, the membrane was incu-
bated with mouse or rabbit secondary antibod-
ies conjugated with HRP at room temperature
for 2 h. The visualization was performed with
ECL kit and protein bands were quantified using
Image] software. The expression of target pro-
teins was normalized to that of GAPDH.
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Table 1. Primer used for real-time qPCR differentiation, a microRNA mic-

Gene Sense Antisense roarray dataset G'SE72429 was

GAPDH TGGTACGACAACGAGTTTGGC  GTCTCACCCCATTCTACCGC dﬁw”'oa?'ed' In tg;:ataset' the

PPARy  GCGAACGATTCGACTCAAGC  CATCCCGACAGAAAGGCACT changes in microRNA expression
during osteogenic differentiation

PGC1l-0 CTTTGGAGGCAAGCAAGCAG  GCTTGACTGGGATGACCGAA ) o o

ALP CTCATCTCCTGACCCTCCCA AGTGAGTGAGTGAGCAAGGC and adipogenic differentiation of
ASCs were profiled by microar-

Runx2  CCACCGAGACCAACAGAGTC  TCACTGTGCTGAAGAGGCTG ray. Then, 40 genes with most

OPN GGAAGTTCTGAGGAAAAGCAGC TACTTGGAAGGGTCTGTGGGG significant changes in osteogen-

RNF43  ATGGGGCACTTGGTTTGGTT TCAAGTTGCCAGGCACTGTT ASCs were identified by Classic

WNT5a TTCGGCTACAGACCCAGAGA  TGTACCACTACTCAACTGTGGC Student t test.

LRP5  ACAACATGGAGGCAGCG GACTCCAGCTTGACTCCGC

LRP6 CCGGTGAGAGAAGAGAACGC  ATCGCAAGTCCCGTCTGTTT Statistical analysis

CTNNB1 CTGAGGAGCAGCTTCAGTCC  GGCCATGTCCAACTCCATCA

Immunofluorescent staining

Immunofluorescent staining was performed as
previously described [22]. Cells were fixed in
4% PFA, and blocked with 3% BSA in 0.1% PBST
(Triton X-100). Incubated with primary antibod-
ies, including anti-PPAR y (1:1000, abcam, ab-
209350), anti-OPN (1:1000, abcam, ab8848),
overnight. After three times wash, incubated
the cell with secondary antibody anti-Rb cy3.
Nuclei were stained with DAPI. Images were
captured by Nikon A1R microscope. And ImageJ
software was used to analyzed the data.

Use of microRNA-196a mimic and inhibitor

microRNA-196a mimic, microRNA-196a inhibi-
tor, and microRNA-196a negative control were
purchased from Ruibo (Guangdong, China). Wo-
rking solution of microRNA-196a mimic, inhibi-
tor, and negative control were prepared accord-
ing to the manufacturer’s instructions. Then,
cells were independently treated with culture
medium supplemented with microRNA-196a
mimic, inhibitor, and negative control.

Alkaline phosphatase (ALP) staining

At the predesigned time points, cells were pro-
cessed for ALP staining by using an NBT/BCIP
staining kit. The total protein concentration was
measured with BCA method. ALP activity was
normalized to the total protein concentration.

Microarray and bioinformatics analysis

To explore the whole microRNA expression dur-
ing osteogenic differentiation and adipogenic

3083

Experiments were repeated th-
ree times, and data are express-
ed as mean * standard deviation (SD). The sta-
tistical analysis was performed with Graphpad
Prism 5. A value of P<0.05 was considered sta-
tistically significant.

Results

microRNA-196a is up-regulated during the os-
teogenic differentiation

To investigate the microRNA expression profile
in ASCs during osteogenic differentiation, mi-
croarray GSE72429 data of microRNA during
the osteogenic and adipogenic differentiation
of ASCs were obtained from NCBI GEO. On the
basis of microRNA level in the microarray
GSE72429, 40 microRNAs with the most sig-
nificant changes in their expression during os-
teogenic differentiation were selected (Figure
1A). Results showed the expression of some
microRNAs including microRNA-196a increased
gradually during the osteogenic differentiation
of ASCs. Further real time gPCR was employed
for confirmation, and results showed the ex-
pression of Runx2, OPN, and ALP, biomarkers
of osteogenic differentiation, increased gradu-
ally after osteogenic induction, suggesting os-
teogenic differentiation (Figure 1B). During the
osteogenic differentiation of ASCs, the microR-
NA-196a expression increased gradually, and
remained at a high level at a specific time point
of osteogenic differentiation (Figure 1B).

microRNA-196a is down-regulated during ad-
ipogenic differentiation

In addition, adipogenic induction was also per-
formed in ASCs, and the microRNA-196a ex-
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Figure 1. microRNA-196a expression was significantly up-regulated during the osteogenic differentiation of adipose
stem cells. A. Microarray showed microRNA-196a expression was up-regulated during the osteogenic differentia-
tion of adipose stem cells. B. Real time qPCR confirmed the expression of microRNA-196a and genes related to
osteogenic differentiation was also up-regulated after the osteogenic induction in adipose stem cells (*, P<0.05,

**, P<0.01).

pression was also detected during the adipo-
genic differentiation of ASCs. Oil red staining
(Figure 2A) and real-time qPCR of genes relat-
ed to adipogenic differentiation indicated evi-
dent adipogenic differentiation of ASCs after
21-day adipogenic induction. Moreover, the mi-
croRNA-196a expression was also detected by
real time qPCR, and results confirmed the grad-
ual reduction in microRNA-196a expression
during the adipogenic differentiation of ASCs
(Figure 2B).

microRNA-196a promotes the osteogenic dif-
ferentiation of hADSC in vitro

To investigate the effect of microRNA-196a on
the osteogenic differentiation of ASCs, microR-
NA-196a mimic was transfected into ASCs to
up-regulate microRNA-196a expression. Aliza-
rin red staining and ALP staining showed
microRNA-196a significantly promoted the min-

3084

eral deposition and elevated the ALP activity of
ASCs after transfection, suggesting that mi-
croRNA-196a is able to promote the osteogenic
differentiation of ASCs (Figure 3A, *P<0.05).
However, after inhibition of micro-RNA-196a,
the osteogenic differentiation of ASCs was sig-
nificantly suppressed, which was characterized
by reduced mineral deposition and decreased
ALP activity (Figure 3A, **P<0.01). Immunofl-
uorescence staining showed microRNA-196a
transfection significantly up-regulated the ex-
pression of OPN, a key protein involved in the
osteogenic differentiation of ASCs, but inhibi-
tion of microRNA-196a dramatically inhibited
OPN expression (Figure 3B). Real time gqPCR
confirmed microRNA-196a transfection signifi-
cantly up-regulated the expression of genes
related to the osteogenic differentiation of
ASCs (Figure 3C, *P<0.05, **P<0.01). Taken
together, microRNA-196a has the potential to
promote the osteogenic differentiation of ASCs.

Am J Transl Res 2019;11(5):3081-3091
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Figure 2. microRNA-196a expression is significantly down-regulated during the adipogenic differentiation of adipose
stem cells. A. Adipogenic differentiation process of adipose stem cells. Qil red staining and real-time qPCR of genes
related to adipogenic differentiation indicated evident adipogenic differentiation of ASCs after 21-day adipogenic
induction. B. Real time qPCR showed microRNA-196a expression reduced gradually during the adipogenic differ-
entiation of adipose stem cells, and the expression of genes related to adipogenic differentiation was significantly

up-regulated (*, P<0.05, **, P<0.01).

microRNA-196a suppresses the adipogenic
differentiation of hADSC in vitro

Osteogenic and adipogenic differentiations are
two different directions of differentiation. Re-
sults showed microRNA-196a could promote
the osteogenic differentiation of ASCs and thus
it might also inhibit the adipogenic differentia-
tion of ASCs. Qil red O staining showed the
adipogenic differentiation of ASCs was inhibit-
ed by microRNA-196a, but addition of microR-
NA-196a inhibitor significantly up-regulated the
adipogenic differentiation of these ASCs (Figu-
re 4A, *P<0.05). Immunofluorescence staining
was employed to detect the expression of
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PPAR-y, a key transcription factor in the adipo-
genic differentiation. Results showed microR-
NA-196a significantly reduced the number of
PPAR-y positive cells (Figure 4B, *P<0.05).
Real time gPCR also confirmed microRNA-196a
markedly inhibited the expression of PPAR-y
(Figure 4C, *P<0.05). Taken together, microR-
NA-196a has the capability to inhibit the adipo-
genic differentiation of ASCs.

microRNA-196a regulates adipogenic differen-
tiation through Wnt pathway

Wnt signaling pathway plays an important role
in the osteogenic differentiation of ASCs. Thus,
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the Wntba expression. Furthermore, the expr-
ession of downstream molecules of Wnt signal-
ing pathway was also detected, and results
showed microRNA-196a was able to up-regu-
late B-Catenin activity, but inhibition of microR-
NA-196a markedly suppressed the B-Catenin
activity (Figure 5A). Meanwhile, real-time qPCR
was adopted to detect key gene expression in
Wnt pathway (Figure S1). Results showed that
microRNA-196a significantly inhibited RSPO2
expression, and promoted RNF43 expression,
which further inhibited downstream LRP5/6
expression. microRNA-196a inhibited WNT5a
gene expression also (Figure 5B). Thus, it was
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believed that microRNA-196a had the potency
of regulating Wnt/[B-Catenin pathway. Besides,
it was speculated that microRNA-196a regulat-
ed osteogenic differentiation of ASCs via Wnt/
-Catenin pathway. As above mentioned, mic-
roRNA-196a was able to promote the osteogen-
ic differentiation of ASCs. Thus, the role of
microRNA-196a regulated Wnt/B-Catenin in
the osteogenic differentiation of ASCs was fur-
ther investigated, in which microRNA-196a
inhibitor was used to inhibit microRNA-196a
expression in ASCs, and Wnt pathway specific
agonist was employed to activate Wnt signaling
pathway. Results showed that osteogenic dif-
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ferentiation potency of ASCs was significantly
down-regulated after inhibition of microRNA-
196a. Wnt pathway agonists could renovate
down-regulated osteogenic potency induced by
microRNA-196a inhibitor via activating Wnt
pathway. Meanwhile, it was believed that mi-
croRNA-196a inhibited adipogenic differentia-
tion potency of ACSs via Wnt pathway. Thus,
adipogenic differentiation potency of ACSs was
significantly upregulated after inhibitor of Wnt
pathway was added (Figure 5C). Taken togeth-
er, it was speculated that microRNA-196a may
promote the osteogenic differentiation of ASCs
and inhibit their adipogenic differentiation via
Wnt signaling pathway.

Discussion

ASCs are the important seed cells in regenera-
tive medicine and have following advantages:
they can differentiate into different types of
adult tissue cells to promote tissue regenera-
tion; they can secrete multiple cytokines to pro-
mote tissue repair; they possess the immuno-
regulative capability and can improve the im-
munomicroenvironment. Thus, increasing atte-
ntion has been paid to the ASCs in recent years.
Currently, most studies on ASCs focus on the
treatment of diseases with ASCs, but the mech-
anisms by which the fate of ASCs is regulated
are poorly understood. In the present study, it
was investigated whether microRNA-196a was
involved in the osteogenic and adipogenic dif-
ferentiation of ASCs. Results showed microR-
NA-196a was able to promote the osteogenic
differentiation, but inhibition of microRNA-196a
promoted the adipogenic differentiation of
ASCs. These findings suggest that microRNA-
196a play important roles in the regulation of
osteogenic and adipogenic differentiation of
ASCs.

microRNA-196a has been found to be involved
in multiple processes, including cell prolifera-
tion, but little is known about the role of microR-
NA-196a in the osteogenic differentiation of
stem cells. In the present study, results showed
microRNA-196a expression was significantly
up-regulated during the osteogenic differentia-
tion, but markedly down-regulated during the
adipogenic differentiation. Moreover, over-ex-
pression of microRNA-196a was found to pro-
mote the osteogenic differentiation of ASCs
and inhibit their adipogenic differentiation.
These findings were inconsistent with previous-
ly reported that microRNA-196a had no influ-
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ence on the adipogenic differentiation of ASCs
[24]. This discrepancy might be related to the
difference in the medium for adipogenic induc-
tion. In the present study, the medium used for
adipogenic induction undergoes optimization
for several years and insulin is added to the
medium, which significantly improve the effi-
ciency of adipogenic differentiation of ASCs
and therefore is helpful for the assessment of
role of microRNA-196a in adipogenic differen-
tiation.

To date, more than 29000 articles have been
published on B-catenin. B-catenin signaling
pathway is very complex. Studies have shown
that more than 500 genes have interactions
with B-catenin [23]. B-catenin is a transcription
factor in the Wnt signaling pathway and play
key roles in the differentiation and proliferation
of stem cells [23]. Yao et al [24] found microR-
NA-185 could target PTH to down-regulate
B-Catenin pathway, which inhibited the prolifer-
ation and growth of osteoblasts during the
bone repair. Abnormal B-Catenin signaling pa-
thway may cause hyperplasia, resulting in tu-
morogenesis. There is evidence showing that
elevated expression of microRNA-26a [25], mi-
croRNA-374a [26] and microRNA-155 may ca-
use over-activation of B-Catenin signaling path-
way, promoting the tumorogenesis. Results
showed microRNA-196a was also able to regu-
late B-Catenin signaling pathway. Western blot-
ting and loss/gain of function assay of Wnt
pathway confirmed up-regulated expression of
microRNA-196a was able to up-regulated the
activity of Wnt signaling pathway, which pro-
moted the osteogenic differentiation of ASCs
and inhibited their adipogenic differentiation.
To date, no study has been conducted to inves-
tigate the effect of microRNA-196a on the Wnt
signaling pathway during the differentiation of
stem cells.

Taken together, results indicate microRNA-19-
6a has the potential to promote the osteogenic
differentiation of ASCs, but inhibit their adipo-
genic differentiation, via activating B-Catenin
signaling pathway.

Disclosure of conflict of interest
None.

Address correspondence to: Zhongping Cheng, De-
partment of Gynaecology and Obstetrics, Shanghai
Tenth People’s Hospital, School of Medicine, Tongji

Am J Transl Res 2019;11(5):3081-3091



microRNA-196a promotes osteogenic differentiation

University, Shanghai, China. E-mail: mdchengl18@
tongji.edu.cn

References

(1]

[2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Bunnell BA, Flaat M, Gagliardi C, Patel B and
Ripoll C. Adipose-derived stem cells: isolation,
expansion and differentiation. Methods 2008;
45: 115-120.

Kang SK, Yeo JE, Kang KS and Phinney DG.
Cytoplasmic extracts from adipose tissue stro-
mal cells alleviates secondary damage by
modulating apoptosis and promotes functional
recovery following spinal cord injury. Brain
Pathol 2007; 17: 263-275.

Ma T, Liu H, Chen W, Xia X, Bai X, Liang L,
Zhang Y and Liang T. Implanted adipose-de-
rived stem cells attenuate small-for-size liver
graft injury by secretion of VEGF in rats. Am J
Transplant 2012; 12: 620-629.

Valina C, Pinkernell K, Song YH, Bai X, Sadat S,
Campeau RJ, Le Jemtel TH and Alt E. Intrac-
oronary administration of autologous adipose
tissue-derived stem cells improves left ventric-
ular function, perfusion, and remodelling after
acute myocardial infarction. Eur Heart J 2007;
28:2667-2677.

Seki A, Sakai Y, Komura T, Nasti A, Yoshida K,
Higashimoto M, Honda M, Usui S, Takamura
M, Takamura T, Ochiya T, Furuichi K, Wada T
and Kaneko S. Adipose tissue-derived stem
cells as a regenerative therapy for a mouse
steatohepatitis-induced cirrhosis model. Hep-
atology 2013; 58: 1133-1142.

Alvaro-Gracia JM, Jover JA, Garcia-Vicuna R,
Carreno L, Alonso A, Marsal S, Blanco F, Ma-
rtinez-Taboada VM, Taylor P, Martin-Martin C,
DelaRosa O, Tagarro | and Diaz-Gonzalez F. In-
travenous administration of expanded alloge-
neic adipose-derived mesenchymal stem cells
in refractory rheumatoid arthritis (Cx611): re-
sults of a multicentre, dose escalation, ran-
domised, single-blind, placebo-controlled pha-
se Ib/lla clinical trial. Ann Rheum Dis 2017;
76: 196-202.

Shi R, Jin'Y, Cao C, Han S, Shao X, Meng L,
Cheng J, Zhang M, Zheng J, Xu J and Li M.
Localization of human adipose-derived stem
cells and their effect in repair of diabetic foot
ulcers in rats. Stem Cell Res Ther 2016; 7:
155.

Yates LA, Norbury CJ and Gilbert RJ. The long
and short of microRNA. Cell 2013; 153: 516-
5109.

Oskowitz AZ, Lu J, Penfornis P, Ylostalo J, Mc-
Bride J, Flemington EK, Prockop DJ and Poc-
hampally R. Human multipotent stromal cells
from bone marrow and microRNA: regulation
of differentiation and leukemia inhibitory fac-

3090

(10]

(11]

[12]

(14]

(17]

(18]

tor expression. Proc Natl Acad Sci U S A 2008;
105: 18372-7.

Kang T, Lu W, Xu W, Anderson L, Bacanamwo
M, Thompson W, Chen YE and Liu D. Mic-
roRNA-27 (miR-27) targets prohibitin and im-
pairs adipocyte differentiation and mitochon-
drial function in human adipose-derived stem
cells. J Biol Chem 2013; 288: 34394-34402.
Chen S, Zheng Y, Zhang S, Jia L and Zhou Y.
Promotion effects of miR-375 on the osteogen-
ic differentiation of human adipose-derived
mesenchymal stem cells. Stem Cell Reports
2017; 8: 773-786.

Slater EP, Strauch K, Rospleszcz S, Ramas-
wamy A, Esposito |, Kloppel G, Matthai E, He-
eger K, Fendrich V, Langer P and Bartsch DK.
MicroRNA-196a and -196b as potential bio-
markers for the early detection of familial pan-
creatic cancer. Transl Oncol 2014; 7: 464-471.
Tsai MM, Wang CS, Tsai CY, Huang CG, Lee KF,
Huang HW, Lin YH, Chi HC, Kuo LM, Lu PH and
Lin KH. Circulating microRNA-196a/b are nov-
el biomarkers associated with metastatic gas-
tric cancer. Eur J Cancer 2016; 64: 137-148.
Hou T, Ou J, Zhao X, Huang X, Huang Y and
Zhang Y. MicroRNA-196a promotes cervical
cancer proliferation through the regulation of
FOXO1 and p27Kipl. Br J Cancer 2014; 110:
1260-1268.

Suh YE, Raulf N, Gaken J, Lawler K, Urbano TG,
Bullenkamp J, Gobeil S, Huot J, Odell E and
Tavassoli M. MicroRNA-196a promotes an on-
cogenic effect in head and neck cancer cells
by suppressing annexin A1 and enhancing ra-
dioresistance. Int J Cancer 2015; 137: 1021-
1034.

GeJ,ChenZ, LiR, LuTand Xiao G. Upregulation
of microRNA-196a and microRNA-196b coop-
eratively correlate with aggressive progression
and unfavorable prognosis in patients with
colorectal cancer. Cancer Cell Int 2014; 14:
128.

Liu XH, Lu KH, Wang KM, Sun M, Zhang EB,
Yang JS, Yin DD, Liu ZL, Zhou J, Liu ZJ, De W
and Wang ZX. MicroRNA-196a promotes non-
small cell lung cancer cell proliferation and in-
vasion through targeting HOXA5. BMC Cancer
2012; 12: 348.

Her LS, Mao SH, Chang CY, Cheng PH, Chang
YF, Yang HI, Chen CM and Yang SH. miR-196a
enhances neuronal morphology through sup-
pressing RANBP10 to provide neuroprotection
in huntington’s disease. Theranostics 2017; 7:
2452-2462.

Candini O, Spano C, Murgia A, Grisendi G,
Veronesi E, Piccinno MS, Ferracin M, Negrini
M, Giacobbi F, Bambi F, Horwitz EM, Conte P,
Paolucci P and Dominici M. Mesenchymal pro-
genitors aging highlights a miR-196 switch tar-

Am J Transl Res 2019;11(5):3081-3091



[20]

[21]

[22]

microRNA-196a promotes osteogenic differentiation

geting HOXB7 as master regulator of prolifera-
tion and osteogenesis. Stem Cells 2015; 33:
939-950.

Zhu DL, Guo Y, Zhang Y, Dong SS, Xu W, Hao
RH, Chen XF, Yan H, Yang SY and Yang TL. A
functional SNP regulated by miR-196a-3p in
the 3'UTR of FGF2 is associated with bone
mineral density in the Chinese population.
Hum Mutat 2017; 38: 725-735.

Kim YJ, Bae SW, Yu SS, Bae YC and Jung JS.
miR-196a regulates proliferation and osteo-
genic differentiation in mesenchymal stem
cells derived from human adipose tissue. J
Bone Miner Res 2009; 24: 816-825.

Ai GH, Shao XW, Meng M, Song LW, Qiu J, Wu Y,
Zhou JH, Cheng JJ, Tong XW. Epidermal growth
factor promotes proliferation and maintains
multipotency of continuous cultured adipose
stem cells via activating STAT signal pathway in
vitro. Medicine 2017; 96: e7607.

3091

(23]

(24]

(25]

[26]

Huang K, Zhang JX, Han L, You YP, Jiang T, Pu
PY and Kang CS. MicroRNA roles in beta-
catenin pathway. Mol Cancer 2010; 9: 252.
Yao CJ, Lv Y, Zhang CJ, Jin JX, Xu LH, Jiang J,
Geng B, Li H, Xia YY and Wu M. MicroRNA-185
inhibits the growth and proliferation of osteo-
blasts in fracture healing by targeting PTH
gene through down-regulating Wnt/beta-ca-
tenin axis: in an animal experiment. Biochem
Biophys Res Commun 2018; 501: 55-63.
Zhang J, Han C and Wu T. MicroRNA-26a pro-
motes cholangiocarcinoma growth by activat-
ing beta-catenin. Gastroenterology 2012; 143:
246-256, e248.

CaiJ, Guan H, FangL, Yangy, Zhu X, Yuan J, Wu
J and Li M. MicroRNA-374a activates Wnt/be-
ta-catenin signaling to promote breast cancer
metastasis. J Clin Invest 2013; 123: 566-579.

Am J Transl Res 2019;11(5):3081-3091



microRNA-196a promotes osteogenic differentiation

WNT SIGNALING PATHWAY

! fra-1
CewD]__ | can

WISP1 cycle
PPARS

Cytoskeletal change

Gene transcription

Figure S1. Real-time qPCR was adopted to detect key gene expression in Wnt pathway.



