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Abstract: A lncRNA RP1-85F18.6 was reported to affect cell
growth by regulating the cell cycle. Here we tested whether
it affects the proliferation of osteoblast cells by regulating
the cell cycle. We determined the expression of RP1-85F18.6
in two osteoblast cell lines hFOB and HOB by qPCR. Then
we knocked down or overexpressed RP1-85F18.6 in hFOB
and tested the alteration of viability, cell cycle, and cell cycle
regulatory proteins. Results showed that both hFOB and
HOB expressed RP1-85F18.6. The knockdown of RP1-85F18.6
decreased the viability of hFOB, while the overexpression of
it increased the viability. Higher expression of RP1-85F18.6
results in higher cell viability. The knockdown of RP1-
85F18.6 caused an increase in the S phase cells and a
decrease in the G2/M phase cells. The overexpression of
RP1-85F18.6 caused a decrease in the S phase cells and an
increase in the G2/M phase cells. The knockdown of RP1-
85F18.6 decreased cyclin A, cdk1, E2F, cyclin B, p53, and
p21, whereas the overexpression of RP1-85F18.6 increased
cyclin A, cdk1, E2F, cyclin B, p53, and p21. This study
demonstrated that RP1-85F18.6 is expressed in osteoblast
cell lines hFOB and HOB. RP1-85F18.6 affects the prolifera-
tion of osteoblasts by regulating the cell cycle.
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1 Introduction

Osteoporosis, characterized by significant bone mineral
density decrease, is a common metabolic bone disease,
which results in fragility fractures or even a fatal
outcome. Annually, about 9,000,000 fracture cases are

caused by osteoporosis worldwide [1]. Approximately,
30% of women in the United States develop postmeno-
pausal osteoporosis [2], which is the most common bone
disease in elderly women [3]. So far, many studies have
revealed the pathological mechanisms [4] and developed
therapeutics [5,6] for this disease, but more effort is
required to further understand osteoporosis.

Long non-coding RNAs (lncRNAs) are RNA transcripts
with lengths over 200 nucleotides but are not translated into
proteins [7]. Much as the exact functions of lncRNAs remain
unclear, they are involved in transcriptional regulation of
many genes [8]. The expression of certain non-coding RNAs
was reported to impact the bone tissue [9]. Many lncRNAs
were also shown to be associated with some human
diseases [10–12]. Recently, the expression of lncRNA in
bone was recognized as a potential osteoporosis risk factor
for premenopausal women [13]. Certain lncRNAs were
proved to affect bone cells, including osteoblasts [14–16].
As the key cells for bone formation, osteoblast cells can
differentiate and further form mature bone tissue [17].
Studies revealed that the lncRNAs expressed in bone play a
critical role in regulating bone formation [18]. LncRNA H19
was reported to promote differentiation of osteoblast cells
[19–21]. However, the effect of lncRNAs on the growth of
osteoblasts has not been fully elucidated.

A newly identified lncRNA, RP1-85F18.6, which is
located on human chromosome 22 [22], was found to
affect cell growth by regulating the cell cycle [23]. Here we
hypothesized that RP1-85F18.6 affects the proliferation of
osteoblasts by regulating the cell cycle. In this study, we
tested the expression of RP1-85F18.6 in osteoblast cell
lines and determined its effect on the cell cycle. Our study
contributed to the development of RP1-85F18.6 as a novel
target for the treatment and diagnosis of osteoporosis.

2 Materials and methods

2.1 Cell lines and cell culture

Human colon cancer cell line SW620 [SW-620] (ATCC®
CCL-227) and human osteoblast cell line hFOB 1.19
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(ATCC® CRL-11372™) were purchased from ATCC
(Washington, USA). The primary human osteoblast (HOB)
cell line was purchased from PromoCell (Heidelberg,
Germany). SW620 was cultured in Dulbecco’s modified
Eagle’s medium containing 10% fetal bovine serum, and
the other two cell lines were cultured in Osteoblast Growth
Medium C-27001 (Heidelberg, Germany) in a humidified
atmosphere of 5% CO2 at 37°C.

2.2 MTT

Cell viability was determined by an MTT assay, which
was described previously [24]. The cells were cultured in
96-well plates. Then, 20 µL of 5 mg/mL MTT solution
(Abcam, Cambridge, UK) was added to the cells. After
2 h, dimethyl sulfoxide (200 µL) was added to the wells.
Absorbance was measured at 490 nm using a microplate
reader. The experiment was repeated three times, and all
the data were normalized and plotted.

2.3 RT-qPCR

The expression of RP1-85F18.6 was determined using a
qPCR assay, according to the method that was described
previously [25]. TRIzol reagent (Thermo Fisher Scientific,
Inc.) was used to isolate total RNA from the cells. Then,
the total RNA was reverse-transcribed into cDNA using a
reverse transcription kit (Thermo, USA). Quantitative
real time-PCR was performed with a PowerUp™ SYBR™
Green Master Mix (Thermo, USA) using a Roche Light-
Cycler 480 Sequence Detection System. The protocol for
PCR is as follows: 95°C for 3 min, 40 cycles of 95°C for
30 s, 58°C for 15 s, and 72°C for 30 s. Gene expression was
quantified using the 2−ΔΔCT method.

The primers used for RT-qPCR were obtained from
Sigma-Aldrich, Inc. (USA), and the sequences are as
follows: GAPDH forward, 5′-GAAGGTGAAGGTCGGAGTC-
3′; GAPDH reverse, 5′-GAAGATGGTGATGGGATTTC-3′.
LncRNA RP1-85F18.6 forward, 5′-GGCTCTTTGCTCACA
TCG-3′; reverse, 5′-AAGGAAACCACAGGCTCA-3′.

2.4 Cell transfection

The knockdown and overexpression of RP1-85F18.6 were
achieved by the transfection of the siRNA or expression

vector. The cells were transfected using Lipofectamine®

2000 (Invitrogen; Thermo Fisher Scientific, Inc.), which
was described previously [26].

RP1-85F18.6 knockdown: lncRNA RP1-85F18.6 small
interfering (si)RNA and negative control (NC) siRNA
were purchased from Guangzhou RiboBio Company
(Guangzhou, China). The sequences were as follows:
lncRNA RP1-85F18.6 siRNA, 5′-GACTCCGCCGTGAACCCT
TCA-3′. A scramble siRNA (siN05815122147) was used as
the NC siRNA. The transfection concentration of siRNA
was 60 nM.

RP1-85F18.6 overexpression: the entire sequence of
human lncRNA RP1-85F18.6 was amplified from hFOB
cell lines using PCR and cloned into the pcDNA3.1 vector.
The NC empty vector, which was purchased from
Shanghai GeneChem Co., Ltd (Shanghai, China), and
the lncRNA RP1-85F18.6 plasmid were transfected into
hFOB using Lipofectamine® 2000. The transfection
concentration of the plasmid was 2 µg/mL.

2.5 Cell cycle flow cytometry

The cell cycle was analyzed using flow cytometry with
propidium iodide (PI) staining, which was described
previously [27]. Briefly, cells were washed with PBS and
resuspended at a concentration of 1 × 106/mL. Then, the
cells were fixed with 100% ethanol and incubated for 3 h
at 4°C. Then, the suspended cells were washed with PBS
twice and added with PI staining solution (0.1% Triton
X-100 and 0.2 mg/mL DNAse-free RNAse A, 0.02 mg/mL
in cold PBS). Then, the cells were incubated at 37°C for
15 min for staining. A BD FACSCalibur was used to
acquire cell cycle data. FlowJo Version 10 was used for
the cell cycle analysis.

2.6 Western blotting

Protein expression was determined by a western blotting
assay, which was described previously [28]. Proteins were
extracted from cells using RIPA buffer with a protease
inhibitor (Sigma-Aldrich, USA). Total protein concentra-
tions were determined using a BCA protein assay kit to
control the loading amount in each well (30 μg). SDS gel
electrophoresis was performed to separate proteins, and
the proteins were transferred onto 0.2 μm polyvinylidene
difluoride membranes, which were subsequently blocked
with 5% skimmed milk in Tris-buffered saline with 0.5%
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Tween-20 (TBST). The membranes were then reacted with
primary (1:1,000 dilution of BSA) and secondary anti-
bodies (1:3,000 dilution of BSA) subsequently. The band
intensities were photographed using a gel imaging system
after reaction with ECL reagents. The images were
quantified using Quantity One® analysis software version
4.3.0. (Bio-Rad, Hercules, CA, USA). The experiment was
repeated more than three times.

The primary antibodies used in the experiment are
as follows: anti-cyclin A antibody (sc-271682), anti-cdk1
antibody (ab18), anti-E2F antibody (ab179445), anti-cyclin
B antibody (ab72), anti-p53 antibody (ab26), anti-p21
antibody (ab109520), cyclin D1 antibody (#2922), anti-
Cdk2 antibody (ab32147), anti-cyclin E1 antibody (ab33911),
and anti-Cdk2 antibody (ab32147). The secondary anti-
bodies were all purchased from Sigma-Aldrich (USA).

2.7 Statistical analysis

All the experiments were repeated three times. T-test or
one-way ANOVA and Dunnett’s post hoc tests were used
to compare the significant difference between the control
and experimental groups (p < 0.05). GraphPad Prism
(version 6) was used to plot the figures and calculate
statistics.

3 Results

3.1 LncRNA RP1-85F18.6 was expressed in
hFOB and HOB

Here we tested the expression of lncRNA RP1-85F18.6 in
two osteoblast cell lines hFOB and HOB by a PCR assay.
Colon cancer cell line SW620, which was reported to
have RP1-85F18.6 expression, was used as the positive
control [29]. Results showed that lncRNA RP1-85F18.6
was expressed in both cell lines (Figure 1).

3.2 The knockdown and overexpression of
RP1-85F18.6 in hFOB

To further explore the role of RP1-85F18.6 in osteoblasts,
we selected one of the osteoblast cell lines hFOB, which
has a higher expression of RP1-85F18.6, to conduct the

subsequent study. We knocked down or overexpressed
RP1-85F18.6 in hFOB and confirmed the expression by a
PCR assay. Results showed that compared to blank control
(control), the expressions of RP1-85F18.6 in NC for
silencing RNA (NC siRNA) and NC for overexpression (NC
overexpress) were not significantly different, while the
expression in RP1-85F18.6 knockdown cells (si-RP1-
85F18.6) was significantly decreased, and the expression
in RP1-85F18.6 overexpressing cells (over-RP1-85F18.6) was
significantly increased. This indicated that both the
knockdown and overexpression were successful (Figure 2).

3.3 LncRNA RP1-85F18.6 affected cell
viability of hFOB

To test whether RP1-85F18.6 affects cell proliferation, we
compared the viability of knocked-down cells, overexpressing

Figure 1: The expression of lncRNA RP1-85F18.6 in osteoblast cell
lines (*p < 0.01). Colon cancer cell line SW620 was used as a
positive control.

Figure 2: The knockdown and overexpression of RP1-85F18.6
(*p < 0.01).
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cells, and wild-type osteoblasts using an MTT assay. MTT
assay has been widely used in cell proliferation study [37].
Results showed that, compared to the control, the
expressions of RP1-85F18.6 in NC siRNA and NC over-
express were not significantly different, indicating that the
transfection had no effect on cell viability. The knockdown
of RP1-85F18.6 significantly decreased cell viability and
the overexpression of RP1-85F18.6 significantly increased
cell viability (Figure 3). These results indicated that the
expression of RP1-85F18.6 was associated with cell
viability.

3.4 LncRNA RP1-85F18.6 affected the cell
cycle of hFOB

To further explore the effect of RP1-85F18.6 on cell
growth of osteoblasts, we analyzed the cell cycle of hFOB
cells using a flow cytometry assay with PI staining.
Results showed that compared to the control, the cell
cycles of NC siRNA and NC overexpress were not
significantly different, indicating that the transfection
had no effect on the cell cycle. The knockdown of RP1-
85F18.6 had no effect on the G0/G1 phase cells but
caused a significant increase in the S phase cells and a
decrease in the G2/M phase cells. On the other hand, the
overexpression of RP1-85F18.6 also had no significant
effect on the G0/G1 phase cells but caused a decrease in
the S phase cells and an increase in the G2/M phase cells.
This indicated that the expression of RP1-85F18.6 affected
osteoblast cells in the S and G2/M phase (Figure 4).
Therefore, we suggested that RP1-85F18.6 promotes cell
growth by regulating the cell cycle.

3.5 LncRNA RP1-85F18.6 affected the
expression of cell cycle-related proteins
in hFOB

To identify the potential targets involved in the effect of
RP1-85F18.6 on the cell cycle, we determined several cell
cycle-related proteins by using western blotting. First,
we determined the expression of cyclin A, cdk1, and E2F
proteins. Cyclin A and cdk1 are responsible for S phase
regulation [30]. Results showed that the transfection had
no effect on the expression of all the proteins studied,
whereas the knockdown of RP1-85F18.6 decreased the
expression of cyclin A, cdk1, and E2F. The overexpres-
sion of RP1-85F18.6 did the opposite: it increased the
expression of cyclin A, cdk1, and E2F (Figure 5). Then,
we determined the expression of cyclin B, p53, and p21
proteins. The p53/21 pathway is responsible for the
negative regulation of cyclin B and cdk1, regulating
activities of the G2 phase [31]. Results showed that the
transfection had no effect on the expression of all the
proteins studied (all p > 0.05). The knockdown of RP1-
85F18.6 decreased the expression of cyclin B, p53, and
p21 (all p < 0.01), whereas the overexpression of RP1-
85F18.6 increased the expression of cyclin B, p53, and
p21 (all p < 0.01) (Figure 6). Moreover, we also
determined the expression of cyclin D, cdk4, cyclin E,
and cdk2 proteins. Cyclin D and cyclin E are the
regulators for cell activities in the G1 phase [32]. Results
showed that the expressions of cyclin D, cdk4, cyclin E,
and cdk2 in control, NC siRNA, si-RP1-85F18.6, NC
overexpress, and over-RP1-85F18.6 groups were not
significantly different (Figure 7). Therefore, RP1-85F18.6
might promote cell growth by regulating cyclin proteins.
We proposed a mechanism for the regulation of RP1-
85F18.6, which is discussed in the Discussion section
(Figure 8).

4 Discussion

This study tried to reveal the role of a newly discovered
lncRNA RP1-85F18.6 in the proliferation of osteoblasts.
We confirmed that RP1-85F18.6 was expressed in both
adult (HOB) and fetus (hFOB) derived osteoblast cell
lines. These two cell lines are different in their capability
of proliferation and differentiation, but it is unknown
whether this is associated with their difference in RP1-
85F18.6 expression levels. In this study, we focused only
on one of these cell lines, hFOB. The reason for selecting
hFOB is that hFOB has higher expression of RP1-85F18.6,
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Figure 3: Effect of the expression of RP1-85F18.6 on the viability of
osteoblasts (*p < 0.01).
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and it is a stable cell line for transfection [33].
Previously, RP1-85F18.6 was reported to be knocked
down and overexpressed in cells successfully [34]. In our

study, the expression of RP1-85F18.6 was closely related
to the cell viability of hFOB, suggesting that RP1-85F18.6
might promote cell growth.

Figure 4: The cell cycle of cells was determined by a flow cytometry assay with PI staining (significant differences from NC siRNA and NC
overexpress are indicated by *p < 0.05 and Δp < 0.05, respectively).

Figure 5: Effect of lncRNA RP1-85F18.6 on the expression of cyclin A related proteins (significant differences are indicated by *p < 0.01).

Figure 6: Effect of lncRNA RP1-85F18.6 on the expression of cyclin B related proteins (*p < 0.01).
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RP1-85F18.6 was reported to increase colon cancer
cell growth [34], and we assumed that the osteoblast
and colon cancer cells might share a common me-
chanism. Cell cycle analysis showed that RP1-85F18.6
expression affected cell viability through regulating the S
and G2/M phases. The G0/G1 phase of the cell cycle is
the period for differentiation of osteoblasts [35]. The S
phase entrance is critical for cell proliferation, and the
arrest of cells in the S phase can result in the
suppression of proliferation [36]. To explore the effect
of RP1-85F18.6 on the action of the cell cycle, we selected
and determined the expression of several cell cycle
regulatory proteins. The cell cycle is regulated by
cyclins, cyclin-dependent kinases (CDKs), and some

transcription factors. Cyclins/CDK complexes are the
most critical regulators for cell cycle regulation [35]. In
this study, we determined the expression of four pairs of
cyclins/CDK complexes, which regulate physical pro-
cesses of each phase in cell cycle, and also some of their
upstream regulators.

E2F is a protein that can activate genes required for
DNA synthesis and S phase progression. The cyclin A
and cdk1, downstream targets of E2F, are responsible for
S phase regulation [30]. In this study, the knockdown of
RP1-85F18.6 decreased the expression of E2F and further
resulted in the decrease of cyclin A and cdk1, whereas
the overexpression of RP1-85F18.6 increased the expres-
sion of E2F, which accounts for the increase of cyclin A
and cdk1.

Besides, the p53/21 pathway is responsible for the
negative regulation of cyclin B and cdk1, regulating
activities of the G2 phase in cancer cells [34]. The
accumulation of p53 can increase the expression of its
transcriptional target gene p21, which can potentially
inactivate the cyclin B/cdk1 complex [31]. Our results
showed that the knockdown or overexpression of RP1-
85F18.6 affects the expression of p53, and p53 subse-
quently affected p21, which negatively regulated activ-
ities in the G2 phase, but the increase of cyclin B and
cdk1 offset the effect of p21 suppression, and thus the
knockdown of RP1-85F18.6 can arrest cells in the S
phase, and overexpression of RP1-85F18.6 can promote
cells entering the G2 phase. Nevertheless, this study did
not demonstrate how they regulate the proliferation in
detail, but it provides a potential mechanism that can be
validated in the future.

Furthermore, cyclin D and cyclin E are the regulators
for cell activities in the G1 phase [32]. Our results showed
that the expression of cyclin D, cdk4, cyclin E, and cdk2
was not affected by RP1-85F18.6, which was consistent
with the results that the number of cells in the G1/G0
phase was not changed. Besides, p21 can also potentially

Figure 7: Effect of lncRNA RP1-85F18.6 on the expression of cyclin D and cyclin E related proteins (*p < 0.05).

Figure 8: Mechanism of the effect of RP1-85F18.6 on the cell cycle.
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bind and inactivate the cyclin E/CDK2 complex. This
might also account for the change in the number of cells
entering the S phase from the G1 phase. However, it is
still not clear why the increase of p21 failed to affect cell
proliferation, and we supposed a feedback regulation
was involved (Figure 8).

In summary, this study demonstrated that lncRNA
RP1-85F18.6 plays a role in the proliferation of osteo-
blasts by affecting their cell cycle by regulating several
cell cycle proteins. We suggested that RP1-85F18.6 is an
upstream target of cell cycle-related proteins, but
whether its regulation is direct or indirect is still unclear
and requires more exploration. Additionally, lncRNA H19
was reported to promote osteoblast differentiation
[19–21]. Further study is needed to explore its effect on
the differentiation of osteoblasts. In addition, there
might be some linkage between osteoporosis and the
decrease of other lncRNAs, which requires more valida-
tion. Our study is conducive to the development of RP1-
85F18.6 as a novel treatment target for osteoporosis.
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