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Abstract

Ostealgia is a serious symptom in bone malignant diseases and often caused by bone loss. Reduction of bone loss or even in-
duction of bone generation is a solution of ostealgia and has lots of benefits to bone cancer patients. Long non-coding RNA
H19 might be a potential candidate to regulate BMSC cells osteogenic differentiation. This study was designed to explore
how H19 induce osteogenic signaling pathway and bone generation. BMSC cells were cultured and osteogenic induction
was performed. Lnc-RNA H19 was either overexpressed or knockdown. Alizarin red was performed to test cell mineraliza-
tion. Flow cytometry and MTT assay were performed to study cell viability. Real time PCR was performed to examine gene
expression level. Mineralization cores were obviously increased after osteogenic induction and H19 overexpressed. Viability
of BMSC cells were upregulated by overexpression of H19 but inhibited by knockdown of H19. 3 osteogenic markers, ALP,
Runx2 and Col 1 were induced by H19. Moreover, BMP2, NF-kB and Wnt5A signal were activated by H19. In conclusion,
Lnc-RNA H19 induced BMSC cells osteogenic differentiation through BMP2, NF-kB and Wnt5A signal by upregulated
ALP, Runx2 and Col 1 expression.
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Introduction

Bone malignant diseases always cause bone loss
and ostealgia [1]. Both symptoms were highly related with
osteoclasts [2]. Osteoclasts activation induces bone resorp-
tion and generates acid, which is the major reason of bone
cancer pain [3]. Treatment of bone malignance contains
many approaches including radiotherapy, surgery, che-
motherapy, bisphosphonates etc. [4]. However, the ultimate
solution of ostealgia should be to reduce bone loss and pro-
mote bone regeneration. In the last two decades, BMSCs

were widely applied to acquire bone regeneration.

Bone marrow stromal cells (BMSCs) belongs to
pluripotent stem cells and can differentiate into several
kinds of mesenchymal cells, such as osteoblasts, chondro-
cytes and adipocytes [5]. Because of the multiple directional
differentiating ability, BMSCs are applied for treatment of
various bone diseases [6], including bone regeneration, the
most popular application. Besides, BMSCs are also used in
pain relief by regulating immune system [7]. In considera-
tion of the multiple differentiation ability, BMSCs were of-
ten guided to form osteoblasts other than adipocytes, which
has negative effect to bone strength [8]. Epigenetic regula-
tion is an important effector of bone formation, moreover,
BMSC gene expression controlled by non-coding RNAs was
another way to affect BMSCs differentiation [9].

Non-coding RNAs include micro-RNA, long non--
coding RNA, circle-RNA and so on. Amounts of micro-R-
NAs were proved affect BMSC differentiation by regulating
relevant signaling pathways [10]. Lnc-RNAs were also
proved involved in regulating several signaling pathways re-
lated to bone regeneration. One of the first series Inc-RNAs,
Inc-RNA H19, was upregulated by BMP9 stimulation of BM-
SCs and correlated with BMP9 induced expression of osteo-
genic genes [11]. Others like Inc-RNA MEG3 was also inter-
acted with SOX2 and BMP4 promoter to increase expres-
sion of osteogenic related genes [12]. H19 is related to bone
cancer and served as a tumor suppressor [13]; and it is also
been reported acted as a regulator of bone regeneration.
H19 would function as a miRNA precursor or inhibitor of
specific miRNAs [14,15]. However, in some malignant dis-
eases, such as oral squamous cell carcinoma, hepatocellular

carcinoma, H19 was upregulated and act as a biomarker
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[16]. Therefore, the exact role of H19 in bone metastasis is
still to be explored. Furthermore, how H19 performed in
the signaling pathways which related to BMSCs differentia-

tion is unclear to date.

In the present study, we focused on the classic Inc-
RNA HI19, to further explore how Inc-RNA H19 induced
BMSCs differentiation and increased bone regeneration.
We explored several signaling pathways which were closed
related to BMSC differentiaton to osteoblasts and found out
which one was reacted to H19 alteration. Especially for NF-
kB signal, it is reported the popular factor not only induced
osteoclast releasing acid to triger cancer pain but also direct-
ly involved in BMSC antihyperalgesia. We expect H19 may
act as a target to develop new drugs to reduce bone loss or
increase bone volume. As bone volume increased, bone can-

cer pain may be alleviated.

Material and Methods
Cell Line

Bone marrow-derived mesenchymal stem cells
(PCS-500-012 ™) were obtained from American Type Cul-
ture Collection. Cells were cultured in RPMI1640 medium
with 10% FBS in a 37°C, 5% CO, incubator.

Osteogenic Differentiation and Mineralization As-

say

BMSCs were cultured using 6well plates (2.5 x 10°
cells/well) for 7 days by applying the osteogenesis induction
medium (5 mmol/L B-glycerophosphate and 50 pg/mL
ascorbic acid, 100 ng/mL dexamethasone) to make os-
teoblastic mineralization induction. After that, 2% Alizarin
Red-S (Sigma-Aldrich) was utilized for staining cells at pH
4.2 in order to make an evaluation of the mineralization of
the cell matrix. Photos were taken under an inverted micros-

cope with camera system.

RNA Isolation and qRT-PCR

Total RNA was extracted from cultured cells with
Trizol (Invitrogen, USA) and ¢cDNA was generated using
the First Strand cDNA Synthesis kit (Thermo, USA). MR-
NA expression was analyzed using the SYBR Green PCR
Master Mix (Toyobo, China) on Real-Time PCR System
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(BioRad, USA). Primers used for qRT-PCR were as follows:
LncRNA-H19 forward, 5- CCAGGCATTCATCCCGGT-
CA-3 and reverse, 5- TGCCAGCTACACCTCCGTTG-3’.
GAPDH forward, 5-AGCCACATCGCTCAGACAC-3 and
reverse, 5-GCCCA ATACGACCAAATCC-3’. Data were

AACt

calculated by a 2" method by target gene compared with

GAPDH firstly and control groups secondly.
Cell Transfection

The pcDNA3.1 was used as control. For overex-
pression of Inc-RNA HI19, the full-length oligonucleotides
of H19 into pcDNA3.1 vector (Introvigen, China). Small in-
terference RNAs(siRNAs) targeting H19 and their control
siRNA (si-NC) were designed and synthesized by RioBio
(China). Sequence for H19 siRNA was 5-GGACGUGA-
CAAGCAGGACATT-3’; sequence for negative control was
5’- UUCUCCGAACGUGUCACGUTT-3". BMSC cells were
cultured and transfected with nucleotides described above
using Lipofectamine 2000 reagent (Themofisher, USA).
Cells were incubated for 48 hours before subsequent experi-
ments. The efficiency of H19 overexpression or knockdown

were evaluated by qRT-PCR (data not shown).
Proliferation Assay

MTT assay was used to examine the cell prolifera-
tion. Cells were seeded into 96-well plates and incubated for
0, 24, 48 hours with or without Lnc-RNA HI19 overex-
pressed, 20uL MTT reagent (beyotime, China) was added in-
to each well and incubated for 4 h at 37 °C in the dark.
Then, the supernatant was removed, add 150 puL of DMSO
into each well for another 15 min. The optical density (OD)
value per well was measured at 570 nm with microplate
reader (Themofisher, USA). Each experiment was repeated

3 times.
Flow Cytometry

Cells were harvested and fixed overnight with 70%
ethanol at 4 °C, followed by resuspension in 500 uL of PBS
with about 10° cells. After addition of 10 uL RNase (10
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mg/mL), cells were left for 30 min at 37 °C and stained with
10 pL propidium iodide (1 mg/mL). Cellular DNA content
was determined on a flow cytometer Beckton Dickinson (B-
D) FACScan (BD Biosciences, CA). Quantification of apop-
totic cells was performed according to the Annex-
in-V-PE/7-AAD Apoptosis Detection Kit manufacturer in-
structions (Beyotime, China). Analyses were performed by
a flow cytometer (BD FACScan). Phycoerythrin (PE) -posi-
tive and 7-amino-actinomycin D (7-AAD) -negative cells
were regarded as apoptotic cells. Each experiment was re-

peated 3 times. Data was analyzed with flowjo 1.0 software.
Data Analysis

Data were calculated by GraphPad Prism 5.0. All
experiments were repeated at least three times, and all data
were presented as the mean + SD. The differences between
group were analyzed using ANOVA. Paired Student’s t-test
was used for data analysis. Probability value was calculated
and less than 0.05 was considered to be statistically signifi-

cant.

Results

Lnc-RNA H19 was Upregulated in Condition of Os-
teogenic Differentiation in BMSC Cells

Previous experiments were performed to verified
Inc-RNA H19 expression in human BMSC cells (data not
show). Human BMSC cells were cultured and induced osteo-
genic differentiation using Osteogenic induction medium
for 7 days. Alizarin Red staining showed mineralization
cores formed and the volume was 4% compared almost
none with the control group (figure 1A). After Osteogenic
differentiation induction, expression level of H19 was elevat-
ed and accompanied with ALP, Runx2 and Coll boosted
(figure 1 B-E). In detail, H19 was induced about 12 folds,
Runx2 about 15 folds, collagen I about 4 folds and ALP
about 4 folds, respectively. All these results had significance
for P < 0.05.
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Figure 1: osteogenic induction upregulated Inc-RNA H19 expression and osteogenesis related gene expression. (A) alizarin red

staining of mineralization core in BMSC cell culture after incubated with osteogenic induction medium for 7 days. Volume of

mineralization core was counted and analyzed by statistics. (B) RNA expression of H19 was tested by real time PCR. OST-BM-
SC stands for osteogenic induction of BMSC cells by 7 days. (C, D, E) Runx2, collagen I and ALP mRNA expression level was

examined by real-time PCR after osteogenic induction of BMSCs for 7 days. GAPDH is internal control for equal calculation.

*P < 0.05, ***P < 0.01.

Lnc-RNA H19 Induced Osteogenic Differentiation
and Proliferation of BMSC Cells

To explore whether Inc-RNA H19 was involved in
BMSC cells osteogenic differentiation, we performed tran-

sient overexpression of exogenous H19. Overexpression of
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H19 was confirmed by real time RT-PCR (data not show),
and cells were cultured after H19 overexpressed for 7 days.
Alizarin Red staining showed that H19 overexpression in-
duced Osteogenic differentiation of BMSC cells just similar
as chemical induction (supplemental data). After overex-

pressed H19 for 48 h, flow cytometry was performed to test
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BMSC cell viability. The results showed that overexpression
of H19 significantly inhibited cell apoptosis by 2 folds com-
pared with control groups (figure 2A). MTT assay was also
performed to study cell proliferation rate in condition of

H19 overexpression. The results showed that BMSC cells
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with H19 overexpressed had a higher proliferation rate than
control groups (figure 2B). Moreover, after H19 overex-
pressed, ALP, Runx2 and Coll level were also examined.
The results showed that all those molecules were significant-
ly induced (figure 2C-E), and the trend was same as osteo-

genic induction did with more extensive mRNA expression.
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Figure 2: Overexpression of Inc-RNA H19 enhanced viability of BMSC cells and induced BMSC osteogenesis differentiation

markers. (A) apoptotic cells were examined by flow cytometry after overexpression of H19 for 48 h, Annexin-V+ areas were cal-

culated and compared with control groups. (B) MTT assay was performed after overexpression of H19 in BMSC cells for 24 h

and 48 h, respectively. (C, D, E) Runx2, collagen I and ALP mRNA expression level was examined by real-time PCR after over-

expression of H19 for 48 h. GAPDH is internal control for equal calculation. *P < 0.05.

Knockdown of Lnc-RNA H19 Inhibited Activity of
BMSC Cells and Osteogenic Ability

To further study H19 was critical to BMSC osteo-
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genic potential, we knocked down H19 by 48 h in BMSC
cells. MTT assay was performed to test cell proliferation
rate. The results showed that cell proliferation rate was signi-

ficantly slowed down by nealy 50% after knockdown of H19
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(figure 3A). Flow cytometry results showed that apoptotic
cells increased 2 folds by knocking down H19 compared
with control groups (figure 3B-C). The osteogenic markers,
ALP, Runx2 and Coll were significantly downregulated
around 2 folds after knockdown of H19 (figure 3D-F).

Lnc-RNA H19 Activated BMP2, Wnt-5A and NF-xB
Signals and Further Induced BMSC Cell Osteogenic

Differentiation

6

SC osteogenic differentiation, several osteogenic related sig-
naling pathway were checked after H19 was overexpressed
or knockdown. The results showed that BMP2 was upregu-
lated about 8 folds in condition of H19 overexpressed (fig-
ure 4A), meantime, Wnt-5A was upregulated about 3 folds
(figure 4B) with NF-kB about 4 folds (figure 4C). Knock-
down of H19 inhibit the expression of those molecules men-
tioned above about 70%, 50% or 60%, respectively. These re-
sults indicated that H19 could activate multiple osteogenic

signals pathway to induce BMSC cells osteogenic differentia-

to further explore how Inc-RNA H19 induced BM- tion.
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Figure 3: Knockdown of Inc-RNA H19 inhibited viability of BMSC cells. Si-NC represented negative control siRNA and has no
effect to H19 expression. (A) MTT assay was performed after knockdown of H19 for 24 h and 48 h, respectively. (B, C) Apop-

totic cells were counted after knockdown of H19 for 48 h by flow cytometry assay. (D, E, F) Runx2, collagen I and ALP mRNA

expression level was examined by real-time PCR after knockdown of H19 for 48 h. GAPDH is internal control for equal calcula-
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tion. *P < 0.05.
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Figure 4: Inc-RNA H19 was either overexpressed or knocked down for 48 h. Expression of BMP2 (A), Wnt5A (B) and NF-xB
(C) were examined by real time PCR. GAPDH is internal control for equal calculation. *P < 0.05

Discussion

In the presents study, we observed that Inc-RNA
H19 were significantly induced during osteogenic differenti-
ation of BMSC cells in vitro. To confirm whether H19 regu-
lating osteogenic markers or not, we subjected knockdown
and overexpression of H19. The results showed H19 mediat-
ed RUNX2, ALP and Coll expression. Furthermore, we
proved H19 upregulated those bone generating markers
through activating BMP2, Wnt-5A and NF-kB signaling
pathways. Finally, overexpression of H19 promoted cell pro-
liferation and inhibited apoptosis of BMSC cells. These re-
sults indicated that Lnc RNA H19 performed osteogenic
function by activating and maintaining BMSC osteogenic
differentiation. Because BMSC cells have multiple direction-
al differentiation ability, to get the right lineage is key point
for BMSC application in bone regeneration. Many regula-
tors are involved in BMSC differentiation, including tran-
scription factors, non-coding RNAs, epigenetic modifica-
tions etc. For osteogenesis, the key transcription factor is
Runt-related transcription factor 2 (Runx2) [17]. Moreover,
other factors could upregulate Runx2 and then cooperate
with it, such as bone morphogenetic protein-2 (BMP2). BM-
P2 is proven a key signaling pathway by targeting Runx2
and showed dose-dependent effects on osteogenesis [18].
Furthermore, microRNAs are often played roles in inhibit-
ing osteogenesis. For instance, miR-204 and miR-211 are ac-
tivated during adipogenesis and inhibited Runx2 expression
[19]. MiR-17-5p/miR-106a and miR-30c/miR-30d inhibit
BMP signaling by targeting BMP2 and Smadl, which are
the key components of the pathway [20]. Lnc-RNAs can al-

so play a role in the regulation of stem cell osteogenesis.
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The mechanism includes mediating epigenetic changes, af-
fecting transcriptional regulation or interacting with pro-
teins to affect their stability and activity. Lnc-RNA MEG3
overexpression would increase the transcription and secre-
tion of BMP4 by interrupting SOX2, a BMP4 inhibitor, bind-
ing on BMP4 promoter to promote osteogenic differentia-
tion of MSCs [21]. Previous studies had reported that H19
upregulated Wnt/p-catenin/Runx2
miR-22 and miR-141 [15]. In the present study, Inc-RNA
H19 induced osteogenic differentiation of BMSC cells by up-

through inhibiting

regulating NF-kB, BMP2 and Wnt-5A signaling pathways.
All these factors were important markers of bone forma-
tion. Despite BMP2 and Runx2, Wnt-5A is another impor-
tant signaling pathway in bone formation process [22].
Since H19 could activate multiple osteogenic signaling path-
ways, drugs might be developed targeting to it for treatment

of bone defect.

Bone regeneration is not only benefit for bone de-
fect diseases, the ultimate solution of cancer derived bone
pain also depends on it. The major factor caused cancer de-
rived bone pain is osteoclast derived acid, inflammation fac-
tors and bone resorption. Previous studies indicated that
BMSCs osteogenic differentiation could inhibit osteoclast
activation and avoid bone resorption [23]. Our results also
showed Inc-RNA H19 promoted BMSCs osteogenic differ-
entiation in vitro. It is implied that targeting to Inc-RNA
H19 might be benefit to both bone loss disease and cancer
derived bone pain. In addition, upregulating of NF-«kB was
involved in BMSCs induced pain relief [7]. Especially in ap-
plication of BMSC treatment to antihyperalgesia trial in ani-
mal models, p65 was significantly upregulated. Our results

also showed overexpression of Inc-RNA H19 induced NE-
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kB expression in BMSCs. Although NF-kB dual effect of
pro- or anti-inflammation, the complexity of exact mech-
anisms was far to reveal. The present study just showed a
limited perspective. However, Inc-RNA H19 still could be a
candidate to develop treatment strategy of bone loss and
pain. The present study is a preliminary exploration on H19
performing in BMSCs and has a big gap from cultured cell
lines to in vivo research. More work is needed to confirm
whether H19 mediated osteogenic signal work or not in ani-

mal models.

In conclusion, Inc-RNA H19 induced BMSCs os-
teogenic differentiation in vitro through activate BMP2, Wn-
t-5A and NF-kB signaling pathway. H19 also induced BM-
SCs proliferation and avoided apoptosis of BMSCs. Howev-
er, these results still need to be tested in vivo to further con-
firm the function of Inc-RNA H19 in BMSCs differentiation

process and antihyperalgesia.
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