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Abstract. — OBJECTIVE: Bone loss is the
main reason for postmenopausal osteoporo-
sis, caused by estrogen deficiency. ERT (estro-
gen replacement therapy) has been demonstrat-
ed to protect bone loss efficiently. LncRNA (long
non-coding RNA) has been proved to be import-
ant in different disease progression. We aimed
at analyzing whether the IncRNAs influence the
activity of osteoclasts and the progression of
this disease.

PATIENTS AND METHODS: RT-PCR (reverse
transcriptase-polymerase chain reaction) was
used to detect the expression of IncRNA CRNDE
in OH (osteoclast from healthy people) and OP
(osteoclast from patients with postmenopaus-
al osteoporosis). MTT (methylthiazolyl tetrazoli-
um) assay was used to detect the viability of the
cells. The cell cycle and apoptosis rate in OH
and OP were measured by the flow cytometry
analysis. Western blot was used to analyze the
possible related mechanism that CRNDE regu-
lated the cells proliferation in postmenopausal
osteoporosis.

RESULTS: We found that the CRNDE was high-
ly expressed in the osteoclast from patients with
OP, compared with OH. We also found that over-
expressing CRNDE increased the viability in OH
whilst reducing CRNDE in OP decreased the via-
bility. The cell cycle was arrested in GO/G1 phase
and the apoptosis rate was improved in OP af-
ter transfection with siRNA. Moreover, CRNDE
could impact the proliferation of osteoclasts by
PI3K/Akt signaling pathway and estrogen could
inhibit this proliferation.

CONCLUSIONS: We found that IncRNA
CRNDE was closely related to the postmeno-
pausal osteoporosis with estrogen deficiency.
CRNDE may be involved in the development and
progression of postmenopausal osteoporosis in
the absence of estrogen and become a potential
target for treating.
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Introduction

Osteoblastic bone formation and osteoclastic
bone resorption are a dynamic equilibrium for
maintaining bone mass. The activation of osteo-
clastic bone resorption is frequently improved by
estrogen loss in women after menopause, lead-
ing to osteoporosis'?. Estrogen improved the os-
teoblastic differentiation through ER-a or acti-
vating Wnt/p-Catenin signaling and clinic data
have demonstrated that postmenopausal women
taking estrogen replacement therapy (ERT) had
a reduced risk of pathological fracture**. Howev-
er, the essential underlying mechanism leading
to osteoporosis is not fully understood and it is
much important to find a new breakout focus for
treatment. Long non-coding RNA (IncRNA) has
been reported to participate in a lot of biological
and pathological processes, such as carcinogen-
esis and chronic diseases. At present, accumu-
lating evidence showed that IncRNA is involved
in proliferation, apoptosis and inflammatory re-
sponse in osteoporosis. LncRNA could regulate
gene expression epigenetically in translation and
transcription level, which is involved in multiple
signaling pathways>®. Ballantyne et al® found that
IncRNA SMILR could regulate the proliferation
of vascular smooth muscle cells, which was high-
ly expressed in the human unstable atherosclerot-
ic plaques. This result suggested that modulation
of SMILR might be a novel therapeutic strategy
to prevent vascular lesion. Tong et al'® found that
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DANCR overexpressed blood mononuclear cells
have increased bone resorbing activity through se-
creting IL6 and TNF-a, finally resulting in osteo-
porosis. Their results demonstrated that DANCR
is involved in the pathology of osteoporosis and
may be a biomarker for postmenopausal osteopo-
rosis. The IncRNA Colorectal Neoplasia Differ-
entially Expressed (CRNDE) was first identified
in colorectal adenomas and adenocarcinomas.
The CRNDE locus spans - 10 kb and compris-
es five core exons with an additional exon that is
infrequently present in transcripts''. CRNDE was
also found in other types of cancers including liv-
er cancer, gastric cancer, gallbladder carcinoma,
breast cancer, glioma'*'6, However, the functional
role of CRNDE in the postmenopausal osteopo-
rosis is unclear. In this study, we first detected
the expression of CRNDE in the osteoclasts from
healthy people and osteoclasts from patients with
postmenopausal osteoporosis. Then, the effect
of CRNDE on the proliferation of two cell lines
was analyzed. Finally, we investigated the likely
mechanism of CRNDE in impacting the activity
of osteoclasts.

Patients and Methods

Cell Culture and Treatment

The osteoclasts from healthy people and pa-
tients with postmenopausal osteoporosis were ob-
tained from the Shanghai Institute of Biochemis-
try and Cell Biology (Shanghai, China), and were
used in our study. The cells were cultured at 37°C
in a humidified incubator with 5% CO, and 95%
air, and maintained in DMEM (Dulbecco’s Mod-
ified Eagle Medium, HyClone, South Logan, UT,
USA) supplemented with 10% fetal bovine serum
(FBS) (fetal bovine serum, Gibco, Grand Island,
NY, USA) and 1% penicillin/streptomycin (100 U/
mL/100 microg/mL) (Beyotime, Beijing, China).

RNA Extraction and Real-Time
Quantitative PCR Assays

Total RNAs were isolated from osteoclasts by
TRIzol reagent (Invitrogen, Carlsbad, CA, USA),
and cDNA synthesis was done by using oligo
(dT) primer and reverse transcriptase (Wako Pure
Chemicals Industries). Quantitative PCR was per-
formed using SYBR Premix Ex Taq Il reagent and
the DICE Thermal cycler (TaKaRa, Otsu, Shiga,
Japan), according to the manufacturer’s instruc-
tions. Samples were matched to a standard curve
generated by amplifying serially diluted products

using the same PCR reactions. B-actin (Actb)
expression served as an internal control. Other
primers were purchased from TaKaRa (Otsu, Shi-
ga, Japan).

Cell Proliferation Assay

Target cells were seeded into 96-well plate
with the density of 2500 cells per well. 10 ml Cell
Counting Kit 8 (Dojindo, Kumamoto, Japan) and
100 mI DMEM with 10% FBS were added to each
well and cultured for 4 hours at 37°C. The absor-
bance at 450 nm was measured. Three controls
were set in each group and the whole experiment
was repeated three times.

Plasmid Transfection

The cells were seeded into 6-well plates at 60-
80% confluency and placed in a fresh culture me-
dium without fetal bovine serum (FBS) 2 hours
before transfection. We transfected the plasmid
into cells with Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) for 8 hours following the
manufacturer’s protocol. Diluted plasmid and Li-
pofectamine 2000 were mixed and incubated for
15-30 min. At last, the plasmid-lipid complex was
added to the cells.

Cell Cycle and Apoptosis Analysis

The OH and OP cells were seeded into six-well
plates with a concentration of 3x10° cells/well
after being transfected with pcDNA-CRNDE
or siRNA-CRNDE, respectively. Then, we col-
lected the cells with low-speed centrifugation
(1200 rpm, 6 min) at 4°C and cell pellets were
re-suspended in 1 ml of PBS solution. Prior to
FCM (flow cytometry) analysis, cells were lysed,
centrifuged and re-suspended in PI (propidium
iodide), Sigma-Aldrich (St. Louis, MO, USA)
staining buffer containing 50 pl/ml of PI and 250
pl/ml of RNase A. Finally, the cell mixture was
incubated at 4°C for 25 min in the darkness to
investigate cell cycle and stained with 5 pl of an-
nexin V-FITC (fluorescein isothiocyanate) to de-
tect apoptosis by FACS (fluorescence activated
cell sorting) technique (Beckman Coulter, Brea,
CA, USA). All the experiments were performed
in three times.

Western Blot

The cells were grown in the 6-well plate. Total
proteins were extracted by RIPA (radioimmuno-
precipitation assay) lysis buffer containing phenyl-
methylsulfonyl fluoride (PMSF, Beyotime, Beijing,
China). Supernatant protein levels were deter-
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mined by standard BCA assay. An equal amount
of protein (50 mg) was loaded into a 10% SDS-
PAGE (sodium dodecyl sulfate polyacrylamide gel
electrophoresis) and then transferred onto a PVDF
membrane (polyvinylidene difluoride, Millipore,
Billerica, MA, USA) after electrophoresis. After
blocking non-specific binding sites for 1 h at room
temperature with 5% non-fat milk in TBST (Tris
buffered saline and Tween-20, Boster, Wuhan,
China), the membranes were individually incu-
bated for overnight with primary antibody at 4°C.
After that, the respective secondary antibody was
used to incubate these membranes for 1 h at room
temperature and the results emerged.

Statistical Analysis

All experiments were repeatedly performed in
three times. The data are expressed as the mean +
SD, and samples were evaluated by the ANOVA
test using the software GraphPad 7 (GraphPad,
La Jolla, CA, USA). p-value < 0.05 was consid-
ered as statistically significant. Multiple compar-
ison between the groups was performed using
Tukey’s post-hoc test.

Results

CRNDE Was Highly Expressed
in the OAS and Increased the
Proliferation of Cells

To explore the role of IncRNA CRNDE in
postmenopausal osteoporosis, we detected the
expression of CRNDE in OH and OP by qRT-
PCR. The results showed that the expression of
CRNDE was highly expressed in OP, compared
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with the OH. Moreover, we investigated the
proliferation of cell lines and we found that OP
had a much greater proliferation rate compared
to OH (Figure 1). These data demonstrated that
improved expression of CRNDE may be respon-
sible for the progression of postmenopausal os-
teoporosis. However, the detailed mechanism is
still unclear.

Convert the Expression of CRNDE
Impacts the Proliferation of OH and OP

To explore whether CRNDE could impact on
the proliferation of osteoclast, CRNDE was ove-
rexpressed in OH and CRNDE expression was
knocked-down in OP. Then, the observed data
were analyzed. The results showed that ove-
rexpressed CRNDE in OH improved the prolife-
ration of cells and knockdown of the expression
of CRNDE suppressed the proliferation in OP (Fi-
gure 2). This suggested that altering the expres-
sion of CRNDE might affect the proliferation in
osteoclasts.

The Cell Cycle Was Arrested and the
Apoptosis Rate Was Increased in OP
After the Expression of CRNDE
Was Knockdown

The situation of cell cycle and apoptosis were
measured in OH and OP after the expression of
CRNDE was converted. Flow cytometry analysis
was utilized to research the possible proliferation
mechanism of CRNDE in osteoclasts. These data
suggested that the cell percentage was signifi-
cantly decreased in GO/GI phase, cell percent-
age was significantly increased in S-phase, and
reduced cell apoptosis in OH after CRNDE was
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Figure 1. CRNDE was highly expressed in the OP and promoted the proliferation of cells. 4, The expression of CRNDE in
the OH and OP was detected by qRT-PCR assay. ****p <0.0001. B, The proliferation of OH and OP was detected by CCK-8

assays. ***p <0.001.
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Figure 2. Converted expression of CRNDE impacts the proliferation of OH and OP. A-B, Relative expression of CRNDE was
detected by PCR, ***p <0.001. C-D, The proliferation of OH and OP was detected by CCK-8 assays. ***p <0.001, **p <0.01.

overexpressed. The cell percentage was signifi-
cantly increased in G0/GI1 phase and significantly
decreased in S-phase, promoting cell apoptosis
in OP after CRNDE was knockdown (Figure 3).
The results demonstrated that CRNDE regulated
the cell proliferation in osteoclast by altering cell
cycle in GO/GI phase to induce cell apoptosis in
osteoclasts.
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CRNDE Regulated Cell Proliferation
Depends on Estrogen in Osteoclast via
PI3K/AKt Signaling Pathway

To research the mechanism of CRNDE, cell
cycle in GO/G1 phase was arrested to induce cell
apoptosis in osteoclasts after being knocked-
down. The related protein expression levels of
p-PI3K, p-Akt, Bcl-2 and P53 in OH and OP
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Figure 3. Cells apoptosis influences the cells proliferation. 4-B, The cell cycle was detected by flow cytometry assays in OH

and OP. ***p <0.001, **p <0.01.
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cells, after transfection with pcDNA CRNDE or
IncRNA-CRNDE, respectively, were detected by
Western blot. Mechanistically, the related protein
expression levels of p-PI3K, p-Akt and Bcl-2 were
significantly decreased and the expression of P53
was significantly increased in OH cells after trans-
fection with pcDNA-CRNDE. The relative pro-
tein expression levels of p-PI3K, p-Akt and Bcl-2
were significantly increased and the expression of
P53 was significantly decreased in OP cells after
transfection with siRNA-CRNDE. These data sug-
gested that regulation of the expression of CRNDE
impacts the proliferation in osteoclast via PI3K/
Akt signaling pathway. Furthermore, estrogen was
added into the OH, in which CRNDE was overex-
pressed (Figure 4). We found that the proliferation
ability was decreased in OH — in which CRNDE
was overexpressed — showing that the proliferation
of osteoclast depended on the estrogen.

Discussion

It has been showed that the balance of osteo-
blasts and osteoclasts is an important factor for
osteoporosis. The osteoclast mainly executed the
bone resorption, leading to bone loss'. Thus, how
to modulate the number of osteoclasts has become
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anew focus for treatment. In this study, we firstly
demonstrated that IncRNA CRNDE had a closed
relationship with the proliferation of osteoclasts in
postmenopausal osteoporosis. Accumulating evi-
dence has indicated that IncRNAs have closely re-
lated in regulating different processes of diseases,
including cell growth, migration, invasion angio-
genesis and tumorigenesis. Sun et al®® found that
LncRNA CRNDE promotes cell proliferation,
invasion and migration by competitively binding
miR-384 in papillary thyroid cancer. In the thy-
roid cancer, CRNDE was found to be up-regu-
lated in the papillary thyroid cancer tissues and
CRNDE was associated with poor prognosis in
papillary thyroid cancer patients'®. About other
tumors, CRNDE acted as a scaffold of DMBT1
and C-IAP1 complexes to activate PI3K-AKT
pathway, which subsequently promoted gallblad-
der carcinoma carcinogenesis 4. Our research re-
vealed that CRNDE was significantly increased
in osteoclast from patients with postmenopausal
osteoporosis compared with the osteoclasts from
healthy people; the proliferation rate was higher
in OP, compared with OH by CCK-8 assay. The
results showed that CRNDE was closely cor-
related with osteoclasts. Then, we overexpressed
CRNDE in OH improving the cell proliferation
rate and knocked down CRNDE in OP, which in-
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Figure 4. CRNDE regulated cell proliferation of osteoclast by PI3K/Akt signaling pathway. 4, Relative expression of p-PI3K,
p-Akt, Bel-2 and P53 was detected by Western blot. ***p <0.001. B, The proliferation of osteoclast was detected by CCK-8

assays. **p <0.01.
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hibited the rate of cell proliferation. This result
indicated that IncRNA CRNDE was closely relat-
ed to the cell proliferation. Osteogenesis is made
of two parts including bone formation and bone
resorption. This process is similar to cell growth
containing cell proliferation and cell apoptosis.
The growth of osteoclasts influences the effect
of bone resorption, and apoptosis becomes the
crucial point for regulating the activity of bone®.
Thus, we detected the apoptosis and found that
cell percentage in G0/G1 phase was significant-
ly decreased and cell percentage in S-phase was
significantly increased, reducing cell apoptosis in
OH after that CRNDE was overexpressed. The
cell percentage in GO/G1 phase was significantly
improved and cell percentage in S-phase was sig-
nificantly declined and promoted cell apoptosis in
OP after CRNDE was knockdown. These results
suggested that CRNDE could impact the prolif-
eration of osteoclasts via regulating cell apopto-
sis. The PI3K/Akt signal pathway is activated by
oncogenes, and activated PI3K promoted cancer
cell growth and invasion®'. We aimed at investi-
gating whether CRNDE influenced the activities
of osteoclasts by PI3K/Akt signal pathway. We
detected the expression of p-PI3K, p-Akt and Bcl-
2 was reduced and the expression of P53 was sig-
nificantly increased after overexpressed CRNDE
in OH. The expression of p-PI3K, p-Akt and Bcl-
2 was significantly increased and the expression
of P53 was reduced after knocked-down CRNDE
in OP. Furthermore, the proliferation of OH was
found to be reduced after that estrogen was added
into it; thus, the expression of CRNDE was over-
expressed. These results suggested that CRNDE
could influence the proliferation of osteoclasts in
the absence of estrogen by PI3K/Akt signaling
pathway. In summary, IncRNA CRNDE is a po-
tential and independent influential factor for the
progress of osteoclasts and involves in the cell
proliferation via PI3K/Akt signaling pathway.
This research provides us with a novel treatment
strategy for postmenopausal osteoporosis.

Conclusions

We observed that IncRNA CRNDE was high-
ly expressed in OP, and closely related with the
proliferation of osteoclasts. After that, we found
that IncRNA CRNDE may regulate cell apoptosis
to promote proliferation of CRNDE via PI3K/Akt
signaling pathway and that estrogen could inhib-
it this proliferation of osteoclasts. These results

indicated that IncRNA CRNDE may be a poten-
tial target for postmenopausal osteoporosis treat-
ments in the future.
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