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Abstract

in vitro by targeting miR-2861.

Background: The differentiation of human stromal (mesenchymal) stem cells (hMSCs) is a critical procedure for the
development of osteoblast. SNHG14 is a newly discovered IncRNA that has been barely studied. Our preliminary
experiments showed that SNHG14 may be dysregulated in the differentiation of hMSCs. In this study, we focused
on elucidating the relationships among SNGH14, miR-2861, and osteoblastic differentiation of hMSCs.

Method: To investigate the roles of SNHG14 and miR2861 in hMSCs differentiation, gRT-PCR, luciferase activity, cell
transfections, the detections of ALP activity, and Alizarin Red staining were performed.

Result: We found that the expression of SNHG14 was enhanced, while the expression of miR-2861 was suppressed
in serum and hMSCs from patients with osteoporosis. SNHG14 could target miR-2861, and shSNHG14 suppressed
osteoblast differentiation of hMSC. MiR-2861 suppressed osteoblast differentiation of hMSC. In addition, the effects
of SNHG14 on osteoblast differentiation of hMSC were attenuated by miR-2861.

Conclusion: In conclusion, our experimental data showed that the induction effects of SNHG14 on osteoblast
differentiation of hMSC were attenuated by miR-2861. SNHG14 could induce osteogenic differentiation of hMSC
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Background

Mesenchymal stem cells have the capabilities of self-
renewal and multi-lineage differentiation, which are crit-
ical factors in the regeneration or repairment of bone tis-
sues [1, 2]. Human bone marrow mesenchymal stem cell
(hMSCs) could fully differentiate to many cell types in-
cluding osteoblasts, chondrocytes, and adipocytes [3, 4].
The differentiation of hMSCs is thus critical for the devel-
opment of osteoblast. Studies have modulated the cell sig-
naling pathways to control the differentiation of hMSCs to
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osteoblasts [5, 6]. However, the underlying mechanisms
remain to be elusive.

Non-coding RNAs have become the hotspot in several
research fields, including long non-coding RNAs (IncRNAs)
(>200nt) [7] and microRNAs (miRNAs) (~ 20 nt) [8]. Vari-
ous IncRNAs have been reported to be involved in the
osteoblastic differentiation of hMSCs. For instance, down-
regulation of IncRNA-ANCR promoted osteoblast differen-
tiation by targeting EZH2 and regulating the expression of
Runx2 [9]. LncRNA H19 was reported to mediate BMP9-
induced osteogenic differentiation of MSCs through the
Notch signaling [10]. LncRNA SNHG14 is a newly discov-
ered IncRNA that has been barely demonstrated regarding
its biological roles in human diseases. It was reported that
SNHG14 promoted microglia activation by regulating miR-

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-020-03506-9&domain=pdf
http://orcid.org/0000-0001-8763-9285
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:vs4190@163.com

Du et al. BMC Musculoskeletal Disorders (2020) 21:525

145-5p/PLA2G4A in cerebral infarction [11]. Very limited
information has been revealed for its functions in hMSCs.

MiRNAs are another group of non-coding RNAs that
have been widely reported in human diseases. Many
miRNAs exert essential roles in the differentiation of
hMSCs to osteoblast. For example, microRNA-138 was
revealed to regulate the osteogenic differentiation of hu-
man stromal (mesenchymal) stem cells in vivo [6]. An-
other study also reported that the microRNA-320/
RUNX2 axis regulates adipocytic differentiation of hu-
man mesenchymal (skeletal) stem cells [12]. Moreover,
miR2861 has been demonstrated to participate in the
regulatory feedback loop during differentiation of mouse
osteoblast [13].

From our preliminary experiment, we noticed that
SNHG14 may be dysregulated in hMSCs differentiation,
and miR2861 may share the common binding sequences
with IncRNA SNHG14. In this study, we aimed to clarify
the role of IncRNA SNHG14 in the formation of osteo-
blast from hMSCs focusing on elucidating the relation-
ships among SNGH14, miR2861, and osteoblastic
differentiation of hMSCs.

Methods

Human samples

In this study, patients with hip fracture were recruited at
The Orthopedic Hospital of Shenyang. Patient samples
were divided into two groups (6 patients in each group),
including the treatment group (osteoporosis patients
with a fracture) and the control group (non-osteoporosis
patients with a fracture). Serum and bone tissues were
collected during endoprosthesis, and gamma nail was
implanted into the proximal femur. All patients enrolled
in this study signed the informed consent. This study
was approved by the Research Ethics Committee of The
Orthopedic Hospital of Shenyang.

hMSC preparations

hMSCs were obtained from the bone marrow from fe-
murs of 4 patients during total hip or knee arthroplasty
due to osteoarthritis or hip fracture. The Ethics Review
Board of Orthopedic Hospital of Shenyang, Shenyang
City, Liaoning Province approved our study. All hMSCs
were obtained from postmenopausal women with an
average age of 68.5 years old (age range 60—77 years old).
Densitometric examinations were performed using a
Lunar iDXA apparatus (GE Lunar, Madison, WI, USA).
Diagnosis of osteopenia or osteoporosis were made using
the WHO T-score criteria (-2.5<T-score<-1 or T-
score < — 2.5, respectively). All the subjects in the osteo-
porosis group had vertebral fractures.
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Cell separation

The RosetteSep Isolation kit (STEMCELL, Canada) was
used to isolate hMSCs. Cells were cultured at 37 °C in a
wet environment with 5% CO,. The culture medium
was refreshed every week. When cells reached conflu-
ence, they were trypsinized and used immediately.

Cell culture

We cultured hMSCs in a-minimum essential medium
(aMEM) containing 10% fetal bovine serum (FBS Invi-
trogen), antibiotics, and glutamax I (GIBCO, USA).
Osteogenesis was induced by fresh osteoblast induction
medium (OIM) with 10~ 8 M dexamethasone (Sigma-Al-
drich, D4902), 0.2 mM l-ascorbic acid (Sigma-Aldrich,
A8960), 10mM p-glycerophosphate (Sigma-Aldrich,
G9422), and 10 mM 1.25-vitamin-D3. Alkaline phos-
phatase (ALP) was used to assess osteoblast phenotype.
Alizarin Red staining was used to test matrix
mineralization. The medium was changed every 3 d
throughout the experiments and cells were harvested at
indicated time points.

qRT-PCR
Total RNAs were extracted from serum, bone tissues or
hMSCs by Trizol (Invitrogen, USA). The Reverse Tran-
scription Kit (Applied Bio., USA) was used to synthesize
¢DNAs. The qRT-PCR reactions were prepared using
SYBR Select Master Mix (Applied Bio., USA) and PCR
was carried out on an ABI 7900-fast thermocycler (Ap-
plied Bio., USA). The relative expression was calculated
by 22T method. The sequences of the primers are
listed below.
SNHG14-F: 5'-GGGTGTTTACGTAGACCAGAACC-3';
SNHG14-R: 5'-CTTCCAAAAGCCTTCTGCCTITAG-3;
GAPDH-F: 5'-GAAGGTGAAGGTCGGAGTC-3’;
GAPDH-R: 5'-GAAGATGGTGATGGGA TTTC-3'.
OC-F -F 5'-GGCGCTACCTGTATCAATGG-3';
OC-R 5'-GTGGTCAGCCAACTCGTCA-3".
Runx2-F: 5'-CGAATAACAGCACGCTATTAA-3".
Runx2-R: 5'-GTCGCCAAACAGATTCATCCA-3'.
OSX-F: 5'-GCCAGAAGCTGTGAAACCTC-3';
OSX-R: 5'-GCTGCAAGCTCTCCATAACC-3';
ALP-F: 5'-TAGTGAAGAGACCCAGGCGCT-3;
ALP-R: 5'- ATAGGCCTCCTGAAAGCCGA-3’;
miR-2861-F: 5'-AACGAGACGACGACAGAC-3’;
miR-2861-R: 5'-GGGGCCUGGCGGUGGGCGG-3';
U6: 5'-GCCCCCGCCTCCGCCGCCGCC-3" and 5'-
ATATGGAACGCTTCACGAATT-3".

Cell transfections

Vectors with sh-SNHG14, miR-2861 mimic, and miR-
2861 inhibitor (all from Genepharma) were transfected
to hMSCs via Lipofectamine 2000 (Sigma, USA). At 2 d
post-transfection, qRT-PCR was conducted to detect
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gene expressions. The miR-2861 mimic sequence was
5'-GGGGCCUGGCGGCGGGCGG-3'. Mimic control
sequence was 5-UUCUCCGAACGUGUCACGUTT-3".
The antagomir sequence was 5 -CCGCCCGCCGCCAG
GCCCC-3". The antagomir control sequence was 5'-
CAGUACUUUUGUGUAGUACAA-3".

ALP activity

hMSCs were collected and washed. The cells were lysed
by 1% Triton X-100 for 15min and centrifuged at 10,
000 g for 5 min. The supernatant was used for ALP ana-
lysis by ALP Assay Kit (Abcam, USA).

Alizarin red staining

The osteoblasts were cultured by OIM for 2 weeks and
then fixed by 70% ethanol. Next, the cells were incu-
bated by 0.5% Alizarin Red solution for an hour at 25 C.
The results were recorded for analysis.

Luciferase assay

Primers were designed for the potential miR-2861 bind-
ing sequence of AKT2 3'-UTR, SNHG14 3'-UTR, and
then cloned into the Sac I/Xba I sites of pmirGLODual-
Luciferase reporter vector. The reconstructed plasmids
were confirmed by sequencing and named pmirGLO/
SNHG14-WT and pmirGLO/AKT2-wtl. We also com-
mercially synthesized mutant reporter constructs by mu-
tating three nucleotides of each potential miR-2861
binding site and designated as pmirGLO/SNHG14-
MUT, pmirGLO/AKT2-mutl. Cells of 90% confluence
were seeded in triplicate in 96-well plates. The wild-type
(WT) or mutant reporter constructs (Mut) were co-
transfected into SiHa cells in the 96-well plates with 50
nmol/L miR-2861 or 50 nmol/L. miR-NC by using lipo-
fectamine 2000 (Invitrogen, CA, USA), respectively. Re-
porter gene assays were performed 24h post-
transfection using the Dual-Luciferase Reporter Assay
Kit (Promega) following the manufacturer’s instructions.
Firefly luciferase activity values were normalized for
transfection efficiency using the corresponding Renilla
luciferase activity. Three independent experiments were
performed.

Western blot analysis

Cell protein lysates were separated in 8% or 10% SDS-
PAGE gel 72h post-transfection, followed by transfer-
ring to polyvinylidene difluoride membrane (PVDE).
Western blot analysis was performed with monoclonal
anti-p53 (Santa Cruz), anti-AKT2 (Abcam) primary anti-
bodies. Anti-GAPDH antibody (Santa Cruz) was used as
an internal control. The membrane was washed and in-
cubated with horseradish peroxidase (HRP)-conjugated
secondary antibody (Cell Signaling Technology, USA).
Complexes were visualized with SuperSignal West Pico
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Chemiluminescent Substrate (Pierce) and the expression
levels of these proteins were evaluated by Quantity One
software.

Statistical analysis

Data were shown as mean + stand deviation (SD). Com-
parisons were performed by ¢-test (between 2 groups) or
one-way ANOVA (among multiple groups). P < 0.05 was
considered statistical significant differences.

Results

SNHG14 was upregulated but miR-2861 was downregulated
in serum and hMSCs from patients with osteoporosis

The expression of SNHG14 and miR-2861 in serum and
hMSCs of osteoporosis patients were analyzed. Com-
pared to participants without osteoporosis (n =20), the
expression levels of SNHG14 in serum and hMSCs of
osteoporosis patiens (n=20) were greatly elevated
(Fig. 1a and c). In addition, the expression of miR-2861
was dramatically down-regulated in hMSCs of osteopor-
osis group (Fig. 1d). In addition, a negative relationship
between the expression of SNHG14 and miR-2861 in the
serum of the osteoporosis group was observed (Fig. 1b).

SNHG14 was targeted by miR-2861

We further investigated the relationship between
SNHG14 and miR-2861. As shown in Fig. 2a, the com-
mon binding site between SNHG14 and miR-2861 was
observed. After successfully transfecting miR-2861 into
hMSCs (Fig. 2b), the co-transfection of SNHG14 3'-
UTR with miR-2861 led to the suppression of luciferase
activities compared with that of SNHG14 MUT (Figue
2C). Moreover, the transfection of ShASNHG14 elevated
the expression levels of miR-2861 (Fig. 2d). The expres-
sion levels of SNHG14 were also reduced in cells trans-
fected with miR-2861 (Fig. 2e). Thees data indicated that
SNHG14 was targeted by miR-2861.

shSNHG14 suppressed osteoblast differentiation of hMSC
To investigate the effects of SNHG14 on hMSC osteo-
blast differentiation, we induced hMSCs differentiation
to osteoblasts after transfection with shSNHG14 or
shNC. As shown in Fig. 3a, the expression levels of
SNHG14 were reduced in cells transfected with
shSNHG14. The suppression of SNHG14 markedly low-
ered osteoblastic differentiation, which was indicated by
lower expression levels of the osteoblast-specific genes
RUNX2, Osterix (OSX), ALP, OC, and decreased ALP ac-
tivity (Figs. 3b-d). We observed matrix mineralization
in vitro by Alizarin red staining in shSNHGI14—trans-
fected hMSCs compared with cells transfected with
shNC. It was obvious that shSNHG14 could suppress
hMSCs differentiation to osteoblasts 2weeks post-
transfection.
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Fig. 1 SNHG14 was upregulated but miR-2861 was downregulated in serum and hMSCs from patients with osteoporosis. a. Expressions of
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SNHG14 and miR-2861 in the serum of osteoporosis patients (n = 20). ¢. Expression of SNHG14 in hMSCs of non-osteoporosis people and
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MiR-2861 suppressed osteoblast differentiation of hMSC

To further evaluate the effects of miR-2861 on hMSC
osteoblast differentiation, we induced hMSCs to differ-
entiate to osteoblasts after transfection with miR-2861-

mimic or miR-NC. Over-expression of miR-2861 signifi-
cantly suppressed osteoblastic differentiation, which was
indicated by decreased ALP activity (Fig. 4a), lower ex-
pression levels of RUNX2, OSX, ALP, and OC (Fig. 4b),
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differentiation. b. osteoblast differentiation assessed by the mRNA expression of RUNX2, OSX, ALP, and OC day 1, day 10, and day 15. ¢. ALP and

and reduced in vitro matrix mineralization (Fig. 4c) in
miR-2861-mimic transfected hMSCs, in contrast to cells
transfected with miR-NC.

The effects of SNHG14 on osteoblast differentiation of
hMSC were attenuated by miR-2861

Whether miR-2861 could attenuate the effects of
SNHG14 on osteoblast differentiation of hMSC.
Figure 5a illustrated that shSNHG14 decreased ALP ac-
tivity but the effects were attenuated by co-transfection
with miR-2861 inhibitor. Figure 5b demonstrated that
down-regulation of miR-2861 greatly lowered osteo-
blastic differentiation induced by shSNHG14, since
shSNHG14 decreased osteogenesis.

AKT2 was targeted by miR-2861
Finally, the mechanisms by which miR-2861 functioned
to affect the differentiation of hMSCs were explored.

Our bioinformatics analysis and luciferase assay results
showed that AKT2 could bind with miR-2861 (Fig. 6a
and b). In addition, overexpression of miR-2861 de-
creased the expression levels of AKT2, and down-
regulation of SNHG14 reduced the expression of AKT2
(Fig. 6¢ and d).

Discussions

Osteoblastic differentiation from hMSCs many origi-
nates from many cell events that are affected by various
molecular and cellular procedures during the develop-
ment of bone and skeleton. It is crucial to reveal import-
ant factors that mediate this phenomenon, and to study
the underlying mechanisms. Owing to the successful
findings from the previous studies, different IncRNAs
have been shown to participate in the osteoblast differ-
entiation by targeting corresponding cell signaling path-
ways. One study revealed the expression profiling of
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IncRNAs in C3H10T1/2 mesenchymal stem cells under-
going early osteoblast differentiation [14]. LncRNA H19
promoted osteoblast differentiation via the TGEF-B1/S
mad3/HDAC signaling pathway by deriving miR-675
[15].

Various IncRNAs and miRNAs are dysregulated dur-
ing the hMSCs differentiation of osteoblast [16, 17]. In
our study, we found a similar phenomenon. We firstly
analyzed the expression of SNHG14 and miR-2861 in
serum and hMSCs of osteoporosis patients. Compared

to non-osteoporosis participants, the expression levels of
SNHG14 in serum and hMSCs of osteoporosis patients
were greatly elevated. The expression of miR-2861 was
drastically down-regulated in hMSCs of osteoporosis
group. A negative relationship was established between
the expression of SNHG14 and miR-2861 in serum of
osteoporosis group. Similar to previous studies, we iden-
tified that IncRNA SNHG14 was upregulated but miR-
2861 was downregulated in serum and hMSCs from pa-
tients with osteoporosis.
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With the common shared binding sequences, IncRNAs
could target their specific miRNAs and exert the bio-
logical roles in the pathogenesis of many cellular proce-
dures [18]. For example, IncRNA DGCR5 acts as a
tumor suppressor in papillary thyroid carcinoma via tar-
geting miR-2861 [17]. We first confirmed the common
binding sequences between SNHG14 and miR-2861. Co-
transfection of SNHG14 3'-UTR with miR-2861 led to
the suppression of luciferase activities compared with
that of SNHG14 MUT. Moreover, shSNHG14 elevated
the expression levels of miR-2861. The relative expres-
sion levels of SNHG14 were also lowered in cells trans-
fected with miR-2861. As far as we know, we are the
first to reveal that SNHG14 is targeted by miR-2861 dur-
ing the hMSCs differentiation to osteoblast.

According to previous reports, ALP is highly expressed
in osteoblast, which is an important indicator for mature
differentiation of osteoblast [19]. Osteoblast-specific genes
RUNX?2, Osterix, ALP and OC are also critical genes to in-
dicate the existing of osteoblast [20, 21]. To investigate
the effects of SNHG14 on hMSC osteoblast differenti-
ation, we induced hMSCs differentiation to osteoblasts
after transfection with shASNHG14 or shNC. The expres-
sion of SNHG14 was suppressed in cells transfected with
shSNHG14. Suppression of SNHG14 markedly lowered
osteoblastic differentiation, which was indicated by lower
expression levels of the osteoblast-specific genes RUNX2,
Osterix, ALP, and OC, decreased ALP activity, and in vitro
matrix mineralization by Alizarin red staining in
shSNHG14 transfected hMSCs compared with cells trans-
fected with shNC. Similar to previous reports [15, 22], we
also observed that silencing of SNHG14 could suppress
hMSC:s differentiation to osteoblasts.

A novel regulation role of Runx2/miR-3960/miR-2861
was demonstrated in mouse osteoblast differentiation [13].
MiR-2861 was found to promote osteoblast differentiation
by increasing the expression of Runx2 [13]. To investigate
the effects of miR-2861 on hMSC osteoblast differentiation,
we induced hMSCs to differentiate to osteoblasts after
transfection with miR-2861-mimic or miR-NC. Over-
expression of miR-2861 greatly suppressed osteoblastic dif-
ferentiation, which was indicated by lower expression levels
of the osteoblast-specific genes RUNX2, OSX, ALP, and
OC, and decreased ALP activity, and reduced in vitro
matrix mineralization in miR-2861-mimic transfected
hMSCs, compared to cells transfected with miR-NC. Differ-
ent from the previous study [13], we noticed that miR-2861
suppressed osteoblast differentiation of hMSC. Moreover,
we observed that the effects of SNHG14 on osteoblast dif-
ferentiation of hMSC were attenuated by miR-2861.

Conclusions
In conclusion, our data confirmed that the induction ef-
fects of SNHG14 on osteoblast differentiation of hMSCs
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were attenuated by miR-2861. SNHG14 could induce
osteogenic differentiation of hMSC in vitro by targeting
miR-2861.
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