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RANKL inhibits cell proliferation by regulating MALAT1 expression in a human
osteoblastic cell line hFOB 1.19
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Abstract

Receptor activator of NF-«xB ligand (RANKL), a TNF-related protein, is a key factor regulating bone metabolism. It has been well known that RANKL-mediated
signaling regulates the formation, activation and survival of osteoclast in normal bone modeling and remodeling, and also plays an important role in a variety of
pathologic conditions. However, there is no direct evidence about the effect of RANKL on osteoblast. Herein, we investigated whether RANKL had effect on cell
proliferation in a normal human fetal osteoblastic cell line hFOB 1.19. MTT assay showed that RANKL inhibited hFOB 1.19 cells growth in a dose-dependent and
time-dependent manner. Importantly, we found that RANKL induced the expression of a IncRNA, MALATI, for the first time. Knockdown of RANK by siRNA bloc-
ked the induction of MALATI by RANKL. By infection with MALAT! siRNA, MALATI knockdown reversed RANKL-induced cells growth inhibition and cell cycle
arrest. In addition, MALAT! also regulated OPG expression in hFOB 1.19 cells. In conclusion, RANKL, binding to its receptor RANK, inhibited cell proliferation

via MALATI upregulation in osteoblast cells in vitro.
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Introduction

Bone metabolic homeostasis mainly depends on the
balance between osteoblastic bone formation and osteo-
clast bone resorption. Osteoblast lineage cells regulate
the number and activity of osteoclasts through expres-
sion of receptor activator for nuclear factor-xB ligand
(RANKL) and osteoprotegerin (OPG) (1, 2). RANKL
binds to its receptor, RANK, on the surface of osteo-
clasts, stimulating the formation and activation of os-
teoclasts and the subsequent induction of bone resorp-
tion (1, 3, 4). OPG acts as a soluble receptor antagonist
which neutralizes RANKL, and thus blocks RANKL-
RANK interaction. The severe osteoporosis and signi-
ficant increasing osteoclasts in transgenic mice overex-
pressing RANKL (5) demonstrates the fundamental role
of RANKL in bone metabolism. It also has been repor-
ted that inhibiting RANKL actions resulted in a remar-
kable reduced rate of bone resorption both clinically and
in mouse models (6, 7).

RANKUL is produced by osteoblastic lineage cells in
membrane-bound form and expressed by activated T
cells in soluble form. In addition, a truncated ectodo-
main form of RANKL is derived from the membrane-
bound form after cleavage by the enzyme TACE. All
three RANKL variants can bind to their specific recep-
tor, RANK, which is located on osteoclastic and den-
dritic cells (8). Moreover, studies have demonstrated
that soluble RANKL might have less potent activity
in osteoclastogenesis induction than membrane-bound
RANKL in vitro (3, 9). In rat models of inflammatory
arthritis in vivo, increased soluble RANKL levels is as-
sociated with bone loss, indicating the important role of
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soluble RANKL in bone disease (10). In addition, mice
injected with RANKL increased serum calcium levels
in a short period of time (< 1 day), suggesting that the
RANKL activates mature osteoclasts, which accelerates
the resorption of bone (11). There have been lots of
researches between RANKL and osteoclasts, however,
to the precise role of RANKL (soluble or membrane-
bound) in osteoblast has not been properly and fully
elucidated to date.

Mammalian cells produces a large number of nonco-
ding RNAs, including small and long noncoding RNAs
(IncRNAs) (12-14). Except for the class of well-cha-
racterized small ncRNAs, such as microRNAs, IncR-
NAs are large intervening non-coding RNAs, and have
recently emerged as important molecules in diverse
cellular processes such as proliferation, cell-cycle pro-
gression, apoptosis, or cell growth (15). MALATI (me-
tastasis-associated lung adenocarcinoma transcript 1)
IncRNA, also referred to as NEAT2 (nuclear-enriched
abundant transcript 2), is highly abundant in many hu-
man cell types and highly conserved over its full length
(8 kb) across mammalian species (16). MALATI alter-
natively splices a subset of pre-mRNAs by modulating
serine/arginine splicing factor activity in tissue-type- or
cell-type-specific manner (17, 18). Previous study re-
vealed that MALATI depletion results in arrest at G1
phase and leads to activation of pS3 and its target genes
in human fibroblasts (19). In contrast, it also showed
that transient overexpression of MALATI promoted cel-
lular proliferation and tumor formation in nude mice,
while depletion of MALATI decreased tumorigenicity
in tumor cells (20, 21). However, the role of MALATI
or other Inc RNAs in bone metabolism is never been

7



W. Che et al. / RANKL inhibits cell proliferation.

reported before. Meanwhile, it remains to be elucidated
whether the ubiquitously expressed MALATI has one
universal function or whether its mechanisms of action
might be tissue-specifically different.

In the present study, we examined the role of RAN-
KL in osteoclasts. We demonstrated that in a human
fetal osteoblastic cell line hFOB 1.19, soluble RAN-
KL treatment inhibited hFOB 1.19 cells growth in a
does-dependent and time-dependent manner. Further-
more, RANKL induced the expression of MALATI and
knockdown of RANK blocked the induction of MALAT]
by RANKL in hFOB 1.19 cells. MALATI knockdown
reversed RANKL-induced cells growth inhibition and
cell cycle arrest Finally, we established that the proli-
feration inhibitory effect of RANKL is accomplished
by its involvement in up-regulating the expression of
MALATI, accompanied by upregulation of OPG.

Materials and methods

Cell culture and reagents

The human fetal osteoblastic cell line hFOB 1.19 ob-
tained from American Type Culture Collection (ATCC),
was cultured in a 1:1 mixture of Ham’s F12 Medium
Dulbecco’s Modified Eagle’s Medium (DMEM) (In-
vitrogen, Carlsbad, CA) without phenol red, supple-
mented with 10% fetal bovine serum (FBS) (HyClone,
Thermo, Fremont, USA). Growth medium was further
supplemented with 50 pg/mL penicillin and 50 mg/L
gentamicin (Sigma, St. Louis, MO, USA), and was ad-
justed to pH 7.2 under the 5% CO, atmosphere at 37°C.
All hFOB cells cultures were maintained at at 37°C in
humidified atmosphere of 5% CO.,,.

Propidium iodide (PI) were obtained from Sigma
(St. Louis, MO, USA). Primary monoclonal antibodies
for OPG, RANK and B-actin were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). The HRP-
conjugated anti-rabbit antibody was purchased from
Abcam Inc. (Cambridge, MA, USA).. Soluble RANKL
was obtained from Millipore (Billerica, MA).

RNA extraction and Quantitative real-time PCR (qRT-
PCR)

Total RNAs of hFOB 1.19 cells were extracted res-
pectively using the Trizol solution (Invitrogen, Carls-
bad, CA) and reversely transcribed using the PrimeS-
cript™ RT Reagent Kit (Perfect Real Time) (TaKaRa
Biotechnology). RANK mRNA and MALATI mRNA
expressions were evaluated by real-time PCR using the
SYBR Premix Ex TaqTM Perfect Real Time (TaKaRa,
Shiga, Japan) on an ABIPRISM 7500 Real-Time Sys-
tem. GAPDH was applied as the input reference. The
primers used are as follows:

RANK: Forward, 5’- CGTTGCAGCTCAACAAG-
GAC-3’Reverse, 5’- TCCGTGGAGGAAAAGGCATC
-3

MALATI : Forward, 5’- GGATCCTAGACCAGCA-
TGCC -3° Reverse, 5- AAAGGTTACCATAAG-
TAAGTTCCAGAAAA -3’

GAPDH: Forward, 5’- GTGGACATCCGCAAAGAC
-3’ Reverse, 5’- AAAGGGTGTAACGCAACTA -3’

Relative mRNA was calculated by using the formula
2-4T(CT; cycle threshold) which was described pre-
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viously (22).

RNA Interference Targeting RANK and Inc MALATI
The RANK siRNA and MALATI siRNA sequences
were designed by a commercial software (Applied
Biosystems/Ambion, Austin, TX). For RANK, the
siRNA sense sequence is 5’-GCGCAGACUUCACUC-
CAUAUU-3’, and the anti-sense sequence is 5’-UAUG-
GAGUGAAGUCUGCGCUU-3’. The sequence of
the MALAT-1 siRNA corresponded to nt 5765 to
5783 of MALAT-1 (5’-GCAGAGGCAUUUCAUC-
CUU-3’). The scamble control siRNA sense sequence
is 5’-UUCUCCGAACGUGUCACGUATAT-3°, and
the antisense sequence is 5~ ACGUGACACGUUCG-
GAGAAdTdT-3’. The siRNAs were synthesized and
sequenced by Thermo Scientific (Waltham, MA).

The hFOB 1.19 cells (2 x 10° cells per well) were
plated in 6-well plates and cultured overnight. 200 pmol
siRNA and 5 pL Lipofectamine™ 2000 (Invitrogen,
Carlsbad, CA) were diluted in OPTI-MEM (Invitrogen,
Carlsbad, CA) to a total volume of 250 puL. The dilu-
ted siRNA and Lipofectamine™2000 were mixed and
incubated at room temperature for 20 minutes. The cells
were firstly washed with serum-free DMEM medium,
and then the diluted siRNA mix was added to the 6-well
plates for 5 hours. After then, the siRNA and Lipofecta-
mine™2000 mix was replaced with growth medium to
further incubated for 48-72 hours.

Western blot

The hFOB 1.19 cells were extracted with lysis buffer
(150 mMNaCl, 1% NP-40, 0.1% SDS, 2 pg/mL apro-
tinin, | mM PMSF) for 30 min at 4°C. Extracts were
then centrifuged at 12,000 g for 20min at 4°C and the
supernatant was harvested. The total protein concentra-
tion was determined by 280nm OD on NanoDrop 2000
(Thermo Scientific, MA, USA). Protein lysates (50 ug/
mL) were electrophoresed on 10% SDS-PAGE gels,
transferred to PVDF membranes, and blotted with Pri-
mary monoclonal OPG, RANK or B-actin antibodiesin
Tris-buffered saline containing 0.1% Tween-20 (TBST)
and 5% non-fat dry milk overnight at 4°C. After the
overnight incubation, membranes were followed by
HRP-conjugated anti-rabbit secondary antibody and
detection by chemiluminescence ECL.

MTT assay

The hFOB 1.19 cell proliferation was determined
using a colorimetric assay with 3-(4, 5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT). Brie-
fly, hFOB cells or hFOB cells interfered with siRNAs
were seeded onto 96-well plates (5,000 cells/well) for
24 hours and the medium was then replaced with 10%
growth medium containing 0.2% DMSO or RANKL
at specific concentrations for 24, 48, 72 or 96 hours.
After treatment, 10 pL of MTT reagent (5 mg/mL in
PBS) was added to the cells and incubated for 4 hours
at 37°C. The medium was removed and 200 uL of iso-
propanol were added. The amount of formazan crystals
formed correlates directly with the number of viable
cells. The reaction product was quantified by measuring
the absorbance at 595 nm using an ELISA plate reader.
Experiments were repeated three times.
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Figure 1. RANKL inhibited hFOB 1.19 cells growth. (A)The cells were treated with RANKL at various concentrations or DMSO for 1, 2, 3, or
4 days. After treatment, cell proliferation was estimated using MTT assay. (B, C) The cells were treated with RANKL at various concentrations or
DMSO for 2 days, cell cycle distribution was estimated using flow cytometry as described in Material and methods.

Cell cycle analysis

After treatment with 100 nM, hFOB cells or hFOB
cells interfered with siRNAs were harvested and washed
twice with ice-cold PBS, and fixed in 70% ethanol at
4°C overnight. The fixed cells were washed twice with
cold PBS and then incubated for 30 min with RNase
at 37°C. PI (50 mg/mL) (Sigma-Aldrich) was added
directly to the cell suspension. The suspension was fil-
tered through a 50-mm nylon mesh, and total of 10000
events per sample were analyzed by a flow cytometer
(FACS Cali-bur, BD Biosciences).

Statistical analysis

Data were analyzed using GraphPad Prism software
version 6.00 for Windows (GraphPad Prism Software,
San Diego, CA, USA). Average values were expressed
as mean = SD. Statistical significance between different
groups was determined by repeated-measures ANOVA
test. A p value<0.05 was accepted as statistically signi-
ficant.

Results

RANKL inhibited hFOB 1.19 cells growth

To investigate the role of RANKL at various concen-
trations on the proliferation of human osteoblasts, MTT
assay was performed on the hFOB cells. As a condi-
tionally immortalized human fetal osteoblastic cell line,
hFOB 1.19 was established as a homogeneous, rapidly
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proliferating model system (23). As shown in Fig.1A,
we monitored cell numbers at each time point (1, 2, 3,
and 4 days) in cell viability assay, RANKL does-de-
pendently inhibited the growth of hFOB 1.19 cells. At
100 uM concentration, RANKL significantly inhibited
hFOB 1.19 cells proliferation.

To investigate whether the inhibitory effect of RAN-
KL on osteoblast proliferation is, in part, related to cell
cycle distribution, cell cycle analysis with PI staining
was performed using flow cytometry. After treatment
for 24 hr, RANKL (10-100 uM) significantly increased
the percentages of cells in GO/G1 phase, compared with
un-treatment hFOB 1.19 cells (Fig.1B). The results im-
plicated that the inhibitory effect of RANKL on hFOB
1.19 cells proliferation was mediated by G1/S cell cycle
arrest.

RANKL induced the expression of MALATI in hFOB
1.19 cells

Previous studies have demonstrated that the IncRNA
MALATI was involved in cellular proliferation and
played a crucial determinant of cell cycle progression
(19, 20, 24). In order to determine whether RANKL in-
duces MALATI expression in hFOB 1.19 cells, we first-
ly incubated the hFOB 1.19 cells with varying doses of
RANKL (10, 30, and 100 uM) and then real-time PCR
assays were performed. We found that RANKL drama-
tically induced the expression of MALATI in a does-
dependent manner, compared with DMSO-treatment
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Figure 2. RANKL induced the expression of MALATI in hFOB 1.19 cells. (A) The cells were treated with RANKL at various concentrations or
DMSO for 2 days. After treatment, the expression of MALATI was determined by real-time PCR. (B) The cells were treated with RANKL at the
concentration of 100 nM or DMSO for 1, 2, or 3 days. After treatment, the expression of MALATI was determined by real-time PCR.
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Figure 3. Knockdown of RANK blocked the induction of MALATI by RANKL in hFOB 1.19 cells.(A) MALATI level was measured after
RANK siRNA treatment. RANK siRNA treatment decreased MALATI level at 20 and 200 nM in comparison to scramble control siRNA. (B)
MALATI levels by RANK siRNA or scramble control siRNA interference with or without RANKL in culture of hFOB 1.19 cells cells. * indicate

statistical difference of P<0.05.

control cells. At the maximum dose of RANKL (100
uM) used in this study, about 270% induction (P <0.05)
was observed (Fig.2A). Similarly, at lower doses (30
uM), RANKL also resulted in a significant induction of
MALATI (Fig.2A).

In addition, we further extended the does-response
studies to include time-course experiments. We ana-
lyzed MALATI levels in hFOB 1.19 cells treated with
100 uM RANKL for desired times (1-3 days) by real-
time PCR. As shown in Figure.2B, RANKL also signi-
ficantly increased MALATI mRNA level in a time-de-
pendent manners. Collectively, these results suggested
that RANKL induced the expression of MALATI in
osteoblastic cells.

Knockdown of RANK blocked the induction of MA-
LATI by RANKL in hFOB 1.19 cells

To further conform the mechanisms through which
RANKL mediated MALATI upreuglation, the role of
RANK was investigated in hFOB 1.19 cells. To iden-
tify the optimal concentration of RANK siRNA used to
knockdown RANK expression, hFOB 1.19 cells were
transfected with scramble siRNA or RANK siRNA va-
rying concentrations of RANK siRNAs ranging from 1
to 200 nM for 24 hr. As shown in Figure.3A, RANK
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siRNA probes does-dependently reduced the mRNA
levels of RANK gene in hFOB 1.19 cells. At the maxi-
mum dose of 200 nM, RANK siRNA probes signifi-
cantly inhibited RANK mRNA levels more than 80%
compared to the control scramble siRNA.

Furthermore, we examined whether RANKL induced
the expression of MALATI through RANK in hFOB
1.19 cells, we knocked down RANK by siRNA and sub-
sequently measured MALATI levels by real-time PCR
assays. As shown in Figure.3B, RANKL alone signifi-
cantly increased the expression of MALATI, however
knockdown of RANK by siRNA potently blocked the
ability of RANKL to induce the expression of MALATI
in hFOB 1.19 cells.In addition, knockdown of RANK
by siRNA with RANKL added in culture also resulted
in a significant decrease of MALATI in hFOB 1.19 cells,
compared with scramble cells. . All these results indi-
cated that RANKL induced the expression of MALATI
depending on RANK in osteoblastic cells.

MALATI knockdown reversed RANKL-induced cells
growth inhibition and cell cycle arrest in hFOB 1.19
cells

To explore the effects of MALATI knockdown
on cells growth, cells were transfected with MALATI
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siRNA or treated with RANKL, and subsequently as- fore RANKL treatment significantly reduced the pro-
sessed for MTT assay. As shown in Figure.4A, MALATI portion in the GO/G1 phase and restored proportion in
knockdown by siRNA alone significantly augmented the G2/M phase of the cell cycle. Together, our findings
hFOB 1.19 cells proliferation, as compared with DM- demonstrated that RANK inhibited osteoblastic cells
SO-treated cells. In contrast, RANKL treatment signi- growth through upregulation of MALATI.
ficantly inhibited hFOB 1.19 cells proliferation, while
MALATI knockdown by siRNA potently reversed the MALATI regulated OPG expression in hFOB 1.19
inhibitory effect of RANKL. cells
To further investigate the effect of MALATI As a decoy receptor for RANKL, OPG plays cru-
knockdown on osteoblastic cell growth in more detail, cial role in bone metabolism as well as immune sys-
we analyzed the effects of MALATI knockdown on the tem and arterial calcification (8). To investigate whe-
cell cycle distribution of hFOB 1.19 cells. Cells were ther MALATI regulated OPG expression in hFOB 1.19
transfected with MALATI siRNA or treated with RAN- cells, cells were transfected with MALATI siRNA or
KL, and then cell cycle distribution was monitored by together treated with RANKL, and the protein levels of
flow cytometry analysis. As seen in Figure.4B, in com- OPG were assessed using western blot. As revealed in
parison with DMSO-treated control cells, MALATI Figure.5, MALATI knockdown significantly downregu-
knockdown by siRNA alone induced an accumulation lated the expression of OPG in protein levels, but had
of cells in the G2/M phase fractions. RANKL treatment no effect on RANK expression. Taken together, our data
alone significantly increased the fraction of cells in G0/ indicated that MALATI regulated OPG expression in
G1 phase and decreased the fraction of cells in G2/M osteoblastic cells.
phase of the cell cycle while MALATI knockdown be-
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Figure 4. MALATI knockdown reversed RANKL-induced cells growth inhibition and cell cycle arrest in hFOB 1.19 cells. (A) hFOB 1.19
cells were transfected by MALATI siRNA or scramble control siRNA as control. After siRNA transfection for 48 hours, hFOB 1.19 cells were
treated with RNKL (100nM) or DMSO for 1, 2, 3, or 4 days, and cell proliferation was estimated using MTT assay. (B, C) hFOB 1.19 cells were
transfected by MALATI siRNA or scramble control siRNA as control. After siRNA transfection for 48 hours, hFOB 1.19 cells were treated with
RNKL (100 nM) or DMSO for 2 days, cell cycle distribution was estimated using flow cytometry.
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Figure 5. MALATI regulated OPG expression in hFOB 1.19 cells. (A) hFOB 1.19 cells were transfected by MALAT! siRNA or scramble control
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and RANK protein from above cells was detected by Western blotting. (B) OPG/-actin were calculated for each sample.
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Discussion

The multiple functions of bone in vertebrates in-
cludes protection of vital organs and hematopoietic
marrow, structural support for muscles, and storage
and release of vital ions, such as calcium. Normal bone
homeostasis is mainly dependent on balancing the num-
ber and activity of bone forming osteoblasts and bone
resorbing osteoclasts (25). RANKL is a homotrimeric
protein, which is typically membrane-bound on osteo-
blastic and activated T cells or is secreted by activated T
cells (25). RANKL is well-known to stimulate the for-
mation and activation of osteoclasts via binding to its
specific receptor, RANK. Previous study demonstrated
that RANKIL-deficient mice exhibit severe osteopetro-
sis and tooth eruption failure as a result of a complete
absence of osteoclasts (26). In addition to the regulation
of normal bone remodeling, it has also been reported
that RANKL played vital roles in regulating the pro-
liferation of mammary epithelial cells and cancer-in-
duced bone disease (27, 28). However, the exact effect
of RANKL on osteoblastic cells remains unclear to date.
In this study, we investigated the effects of RANKL on
a human fetal osteoblastic cell line hFOB 1.19 in vitro.
We treated hFOB 1.19 cells with a variety concentration
of soluble RANKL, the cell growth was inhibited in a
does-dependent manner (Fig.1A). To further investigate
the changes of cell cycle distribution, cell cycle analysis
with PI staining was performed using flow cytometry
and the results showed that RANKL (10-100 uM) si-
gnificantly increased the percentages of cells in G0/G1
phase, while simultaneously reducing the proportion in
the G2/M phase(Fig.1B and Fig.1C). These results sug-
gested that RANKL has an inhibitory effect on hFOB
1.19 cells growth. Recently, studies have shown that
mammalian cells produces a large number of IncR-
NAs, which plays an important role in diverse cellular
processes such as proliferation, cell-cycle progression,
apoptosis, or cell growth (12-15). Moreover, IncRNAs
exhibit temporal and spatial expression patterns or their
expression is tissue-specific, cell-specific, or restricted
to particular cell cycle stages (29-31). The roles of Inc
RNAs in bone metabolism, however, are still unknown
since now. MALATI (also known as NEAT2, HCN,
PRO2853 and NCRNAOO 047), located at chromo-
some 11q13.1, is highly conserved over its full length
(8 kb) across mammalian species (16). Previous studies
showed that MALATI is overexpressed in metastasizing
non-small-cell lung cancer (32), endometrial stromal
sarcoma (33) and hepatocellular carcinoma, as well
as widely expressed in different normal human tissues
(34). In our study , we found that MALATI was potently
upregulated by RNAKL in hFOB 1.19 cells for the first
time. Using real-time PCR assays, RNAKL treatment
induces the expression of MALAT] in a does-dependent
and time-dependent manner in hFOB 1.19 cells (Fig.
2). Furthermore, using RANK siRNA interference, we
observed that knockdown of RANK blocked the induc-
tion of MALATI by RANKL in hFOB 1.19 cells (Fig.
3), indicating that RNAKL induced the expression of
MALATI through its receptor RNAK. Recent study sug-
gested that MALAT1 regulates the expression of cell
cycle genes and is required for G1/S and mitotic pro-
gression in normal human diploid fibroblasts. Depletion
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of MALAT1 leads to activation of p53, and downregu-
lation of B-MYB (Mybl2), an oncogenic transcription
factor involved in G2/M progression, due to altered
binding of splicing factors on B-MYB pre-mRNA and
aberrant alternative splicing (19). In additon, a previous
study showed that MALAT1 regulated the E2F1 trans-
cription factor activity, which is a crucial determinant
of cell cycle progression and tumorigenesis (24). Our
results indicated that MALATI knockdown reversed
RANKUL-induced cells growth inhibition and cell cycle
arrest in hFOB 1.19 cells (Fig. 4). Cells transfected with
MALATI siRNA had significant growth activity when
treated with RANKL, as compared with scramble siR-
NA transfected and RANKL-treated hFOB 1.19 cells
(Fig. 4A). Furthermore, RANKL treatment alone signi-
ficantly increased the fraction of cells in G0/G1 phase
and decreased the fraction of cells in G2/M phase of the
cell cycle while MALATI knockdown before RANKL
treatment significantly reduced the proportion in the
GO0/G1 phase and restored proportion in the G2/M phase
of the cell cycle (Fig.4B and Fig.4C). All the results in-
dicated that MALATI played a growth inhibitory role
and caused cell cycle arrest in osteoblast cells. The dif-
ferences of MALATI function between osteoblast cells
and other types of cells, such as tumor cells, may result
from its alternative splicing of pre-mRNAs of different
cell cycle related proteins by modulating serine/arginine
splicing factor activity in tissue-type- or cell-type-spe-
cific manner. On the other hand, we speculated that the
differences may also be due to different degree of cell
differentiation.

The RANKL/RANK/OPG system for the regu-
lation of bone resorption explains the mechanism of
how bone modeling and remodeling are regulated. The
biological effects of OPG are opposite of the RANKL-
mediated effects, by preventing RANKL interaction
and subsequent stimulation with its receptor, RANK
(3). Several studies have demonstrated that mice with
excessive or defective expression of RANKL, RANK,
or OPG displayed both extremes of skeletal pheno-
types, ie, osteoporosis (OPG knockout) and osteopetro-
sis (OPG transgenic, RANKL knockout, RANK knoc-
kout) (2, 8, 26). In this study, we observed that MALATI
knockdown by siRNA significantly downregulated the
expression of OPG in protein levels in hFOB 1.19 cells,
indicating that MALATI regulated OPG expression in
osteoblastic cells. In conclusion, MALATI involved in
bone metabolism and osteoblast biology by modulating
cytokines such as OPG.

References

1. Lacey, D. L., Timms, E., Tan, H. L., Kelley, M. J., Dunstan, C.
R., Burgess, T., Elliott, R., Colombero, A., Elliott, G., Scully, S.,
Hsu, H., Sullivan, J., Hawkins, N., Davy, E., Capparelli, C., Eli, A.,
Qian, Y. X., Kaufman, S., Sarosi, 1., Shalhoub, V., Senaldi, G., Guo,
J., Delaney, J. and Boyle, W. J., Osteoprotegerin ligand is a cytokine
that regulates osteoclast differentiation and activation. Cell. 1998,
93: 165-176.

2. Simonet, W. S., Lacey, D. L., Dunstan, C. R., Kelley, M., Chang,
M. S., Luthy, R., Nguyen, H. Q., Wooden, S., Bennett, L., Boone,
T., Shimamoto, G., DeRose, M., Elliott, R., Colombero, A., Tan, H.
L., Trail, G., Sullivan, J., Davy, E., Bucay, N., Renshaw-Gegg, L.,
Hughes, T. M., Hill, D., Pattison, W., Campbell, P., Sander, S., Van
G, Tarpley, J., Derby, P., Lee, R. and Boyle, W. J., Osteoprotegerin:

12



W. Che et al. / RANKL inhibits cell proliferation.

a novel secreted protein involved in the regulation of bone density.
Cell. 1997, 89: 309-319.

3. Yasuda, H., Shima, N., Nakagawa, N., Yamaguchi, K., Kinosaki,
M., Mochizuki, S., Tomoyasu, A., Yano, K., Goto, M., Murakami,
A., Tsuda, E., Morinaga, T., Higashio, K., Udagawa, N., Takahashi,
N. and Suda, T., Osteoclast differentiation factor is a ligand for os-
teoprotegerin/osteoclastogenesis-inhibitory factor and is identical to
TRANCE/RANKL. Proc Natl Acad Sci U S A. 1998, 95: 3597-3602.
4. Takahashi, N., Udagawa, N. and Suda, T., A new member of tu-
mor necrosis factor ligand family, ODF/OPGL/TRANCE/RANKL,
regulates osteoclast differentiation and function. Biochem. Biophys.
Res. Commun. 1999, 256: 449-455. doi: 10.1006/bbrc.1999.0252.
5. Mizuno, A., Kanno, T., Hoshi, M., Shibata, O., Yano, K., Fu-
jise, N., Kinosaki, M., Yamaguchi, K., Tsuda, E., Murakami, A.,
Yasuda, H. and Higashio, K., Transgenic mice overexpressing so-
luble osteoclast differentiation factor (sODF) exhibit severe osteo-
porosis. J. Bone Miner. Metab. 2002, 20: 337-344. doi: 10.1007/
s007740200049.

6. Rachner, T. D., Khosla, S. and Hofbauer, L. C., Osteoporosis:
now and the future. Lancet. 2011, 377: 1276-1287. doi: 10.1016/
S0140-6736(10)62349-5.

7. Castellano, D., Sepulveda, J. M., Garcia-Escobar, 1., Rodriguez-
Antolin, A., Sundlov, A. and Cortes-Funes, H., The role of RANK-
ligand inhibition in cancer: the story of denosumab. Oncologist.
2011, 16: 136-145. doi: 10.1634/theoncologist.2010-0154.

8. Schoppet, M., Preissner, K. T. and Hofbauer, L. C., RANK li-
gand and osteoprotegerin: paracrine regulators of bone metabolism
and vascular function. Arterioscler Thromb Vasc. Biol. 2002, 22:
549-553.

9. Nakashima, T., Kobayashi, Y., Yamasaki, S., Kawakami, A.,
Eguchi, K., Sasaki, H. and Sakai, H., Protein expression and func-
tional difference of membrane-bound and soluble receptor activator
of NF-kappaB ligand: modulation of the expression by osteotropic
factors and cytokines. Biochem. Biophys. Res. Commun. 2000, 275:
768-775. doi: 10.1006/bbrc.2000.3379.

10. Stolina, M., Adamu, S., Ominsky, M., Dwyer, D., Asuncion, F.,
Geng, Z., Middleton, S., Brown, H., Pretorius, J., Schett, G., Bolon,
B., Feige, U., Zack, D. and Kostenuik, P. J., RANKL is a marker
and mediator of local and systemic bone loss in two rat models of
inflammatory arthritis. J. Bone Miner Res. 2005, 20: 1756-1765.
doi: 10.1359/JBMR.050601.

11. Burgess, T. L., Qian, Y., Kaufman, S., Ring, B. D., Van G, Cap-
parelli, C., Kelley, M., Hsu, H., Boyle, W. J., Dunstan, C. R., Hu, S.
and Lacey, D. L., The ligand for osteoprotegerin (OPGL) directly
activates mature osteoclasts. J. Cell Biol. 1999, 145: 527-538.

12. Mattick, J. S., The genetic signatures of noncoding RNAs. PLoS
Genet. 2009, 5: ¢1000459. doi: 10.1371/journal.pgen.1000459.

13. Guttman, M., Amit, 1., Garber, M., French, C., Lin, M. F., Feld-
ser, D., Huarte, M., Zuk, O., Carey, B. W., Cassady, J. P., Cabili, M.
N., Jaenisch, R., Mikkelsen, T. S., Jacks, T., Hacohen, N., Bernstein,
B. E., Kellis, M., Regev, A., Rinn, J. L. and Lander, E. S., Chromatin
signature reveals over a thousand highly conserved large non-co-
ding RNAs in mammals. Nature. 2009, 458: 223-227. doi: 10.1038/
nature07672.

14. Prasanth, K. V. and Spector, D. L., Eukaryotic regulatory RNAs:
an answer to the ‘genome complexity’ conundrum. Genes Dev.
2007, 21: 11-42. doi: 10.1101/gad.1484207.

15. Gutschner, T. and Diederichs, S., The hallmarks of cancer: a
long non-coding RNA point of view. RNA Biol. 2012, 9: 703-719.
doi: 10.4161/rna.20481.

16. Hutchinson, J. N., Ensminger, A. W., Clemson, C. M., Lynch,
C. R., Lawrence, J. B. and Chess, A., A screen for nuclear trans-
cripts identifies two linked noncoding RNAs associated with SC35
splicing domains. BMC Genomics. 2007, 8: 39. doi: 10.1186/1471-

Copyright © 2015. All rights reserved.

2164-8-39.

17. Tripathi, V., Ellis, J. D., Shen, Z., Song, D. Y., Pan, Q., Watt, A.
T., Freier, S. M., Bennett, C. F., Sharma, A., Bubulya, P. A., Blen-
cowe, B. J., Prasanth, S. G. and Prasanth, K. V., The nuclear-retained
noncoding RNA MALAT1 regulates alternative splicing by modu-
lating SR splicing factor phosphorylation. Mol. Cell. 2010, 39: 925-
938. doi: 10.1016/j.molcel.2010.08.011.

18. Long, J. C. and Caceres, J. F., The SR protein family of spli-
cing factors: master regulators of gene expression. Biochem. J. 2009,
417: 15-27. doi: 10.1042/BJ20081501.

19. Tripathi, V., Shen, Z., Chakraborty, A., Giri, S., Freier, S. M.,
Wu, X., Zhang, Y., Gorospe, M., Prasanth, S. G., Lal, A. and Pra-
santh, K. V., Long noncoding RNA MALATI controls cell cycle
progression by regulating the expression of oncogenic transcription
factor B-MYB. PLoS Genet. 2013, 9: ¢1003368. doi: 10.1371/jour-
nal.pgen.1003368.

20. Li, L., Feng, T., Lian, Y., Zhang, G., Garen, A. and Song, X.,
Role of human noncoding RNAs in the control of tumorigenesis.
Proc. Natl. Acad. Sci. U S 4. 2009, 106: 12956-12961. doi: 10.1073/
pnas.0906005106.

21. Gutschner, T., Hammerle, M., Eissmann, M., Hsu, J., Kim, Y.,
Hung, G., Revenko, A., Arun, G., Stentrup, M., Gross, M., Zornig,
M., MacLeod, A. R., Spector, D. L. and Diederichs, S., The nonco-
ding RNA MALAT]1 is a critical regulator of the metastasis pheno-
type of lung cancer cells. Cancer Res. 2013, 73: 1180-1189. doi:
10.1158/0008-5472.CAN-12-2850.

22. Lee, Y. F,, Miller, L. D., Chan, X. B., Black, M. A., Pang, B.,
Ong, C. W, Salto-Tellez, M., Liu, E. T. and Desai, K. V., JMJD6 is
a driver of cellular proliferation and motility and a marker of poor
prognosis in breast cancer. Breast Cancer Res. 2012, 14: R85. doi:
10.1186/bcr3200.

23. Harris, S. A., Enger, R. J., Riggs, B. L. and Spelsberg, T. C.,
Development and characterization of a conditionally immortalized
human fetal osteoblastic cell line. J. Bone Miner Res. 1995, 10: 178-
186. doi: 10.1002/jbmr.5650100203.

24. Yang, L., Lin, C., Liu, W., Zhang, J., Ohgi, K. A., Grinstein,
J. D., Dorrestein, P. C. and Rosenfeld, M. G., ncRNA- and Pc2
methylation-dependent gene relocation between nuclear structures
mediates gene activation programs. Cell. 2011, 147: 773-788. doi:
10.1016/j.cell.2011.08.054.

25. Boyce, B. F. and Xing, L., Functions of RANKL/RANK/OPG in
bone modeling and remodeling. Arch. Biochem. Biophys. 2008, 473:
139-146. doi: 10.1016/j.abb.2008.03.018.

26. Kong, Y. Y., Yoshida, H., Sarosi, L., Tan, H. L., Timms, E., Cap-
parelli, C., Morony, S., Oliveira-dos-Santos, A. J., Van G, ltie, A.,
Khoo, W., Wakeham, A., Dunstan, C. R., Lacey, D. L., Mak, T. W.,
Boyle, W. J. and Penninger, J. M., OPGL is a key regulator of osteo-
clastogenesis, lymphocyte development and lymph-node organoge-
nesis. Nature. 1999, 397: 315-323. doi: 10.1038/16852.

27. Kim, N. S., Kim, H. J., Koo, B. K., Kwon, M. C., Kim, Y. W.,
Cho, Y., Yokota, Y., Penninger, J. M. and Kong, Y. Y., Receptor acti-
vator of NF-kappaB ligand regulates the proliferation of mammary
epithelial cells via I1d2. Mol. Cell Biol. 2006, 26: 1002-1013. doi:
10.1128/MCB.26.3.1002-1013.2006.

28. Zhang, J., Dai, J., Qi, Y., Lin, D. L., Smith, P., Strayhorn, C.,
Mizokami, A., Fu, Z., Westman, J. and Keller, E. T., Osteoprotege-
rin inhibits prostate cancer-induced osteoclastogenesis and prevents
prostate tumor growth in the bone. J. Clin. Invest. 2001, 107: 1235-
1244. doi: 10.1172/JCI11685.

29. Dinger, M. E., Amaral, P. P, Mercer, T. R., Pang, K. C., Bruce,
S. J., Gardiner, B. B., Askarian-Amiri, M. E., Ru, K., Solda, G., Si-
mons, C., Sunkin, S. M., Crowe, M. L., Grimmond, S. M., Perkins,
A. C. and Mattick, J. S., Long noncoding RNAs in mouse embryonic
stem cell pluripotency and differentiation. Genome Res. 2008, 18:

13



W. Che et al. / RANKL inhibits cell proliferation.

1433-1445. doi: 10.1101/gr.078378.108.

30. Mercer, T. R., Dinger, M. E., Sunkin, S. M., Mehler, M. F. and
Mattick, J. S., Specific expression of long noncoding RNAs in the
mouse brain. Proc. Natl. Acad. Sci. U S 4. 2008, 105: 716-721. doi:
10.1073/pnas.0706729105.

31. Ravasi, T., Suzuki, H., Pang, K. C., Katayama, S., Furuno, M.,
Okunishi, R., Fukuda, S., Ru, K., Frith, M. C., Gongora, M. M.,
Grimmond, S. M., Hume, D. A., Hayashizaki, Y. and Mattick, J. S.,
Experimental validation of the regulated expression of large num-
bers of non-coding RNAs from the mouse genome. Genome Res.
2006, 16: 11-19. doi: 10.1101/gr.4200206.

32. Ji, P, Diederichs, S., Wang, W., Boing, S., Metzger, R., Schnei-
der, P. M., Tidow, N., Brandt, B., Buerger, H., Bulk, E., Thomas, M.,

Copyright © 2015. All rights reserved.

Berdel, W. E., Serve, H. and Muller-Tidow, C., MALAT-1, a novel
noncoding RNA, and thymosin beta4 predict metastasis and survi-
val in early-stage non-small cell lung cancer. Oncogene. 2003, 22:
8031-8041. doi: 10.1038/sj.0nc.1206928.

33. Yamada, K., Kano, J., Tsunoda, H., Yoshikawa, H., Okubo, C.,
Ishiyama, T. and Noguchi, M., Phenotypic characterization of endo-
metrial stromal sarcoma of the uterus. Cancer Sci. 2006, 97: 106-
112. doi: 10.1111/5.1349-7006.2006.00147 .x.

34. Lin, R., Maeda, S., Liu, C., Karin, M. and Edgington, T. S., A
large noncoding RNA is a marker for murine hepatocellular carci-
nomas and a spectrum of human carcinomas. Oncogene. 2007, 26:
851-858. doi: 10.1038/sj.onc.1209846.

14



