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Background: LncRNATMC3-AS1 expression is affected by lipopolysaccharide (LPS), a contributor to osteoporosis (OS). Therefore,
we hypothesized that TMC3-AS1 could inhibit osteoblast apoptosis and interact with miR-708, a regulator of osteoblast apoptosis in
OS.
Methods: Differential expression of TMC3-AS1 and miR-708 (mature and premature) in OS patients and controls was analyzed using
RT-qPCR. Subcellular location of TMC3-AS1 in osteoblasts was analyzed using subcellular fractionation assay. The direct interaction
between TMC3-AS1 and premature miR-708 was analyzed using RNA pulldown assay. The role of TMC3-AS1 and miR-708 in the
expression of each other was explored with overexpression assays. Cell apoptosis induced by LPS was analyzed using cell apoptosis
assay.
Results: TMC3-AS1 and premature miR-708 were highly expressed in OS and were upregulated by LPS in osteoblasts. In contrast,
mature miR-708 was under-expressed in OS and downregulated by LPS. TMC3-AS1 directly interacted with premature miR-708 and
was detected in both the nuclear and cytoplasm fractions. TMC3-AS1 decreased premature miR-708 level and increased mature miR-708
level. Moreover, TMC3-AS1 increased LPS-induced cell apoptosis and suppressed the role of miR-708 in cell apoptosis.
Conclusion: TMC3-AS1 is highly expressed in OS and promotes LPS-induced osteoblast apoptosis by reducing miR-708
maturation.
Keywords: osteoporosis, TMC3-AS1, miR-708, osteoblast

Background
As a common systemic skeletal disorder, osteoporosis (OS) is characterized by bone fragility caused by reduced bone
mass and deteriorated bone tissue micro-architecture.1,2 Porous bones in OS patients may cause bone fractions, leading to
a high morbidity rate.3 OS mainly affects postmenopausal women. The latest global statistics estimated that nearly 25%
of females and 8% of males older than 50 years are currently suffering from OS.4,5 There are strategies to strengthen the
bones of OS patients, thereby slowing bone breakdown and only spurring new bone growth, in rare cases.6,7 However,
none of these approaches can achieve a cure.8 Therefore, more effective approaches need to be developed to improve the
treatment of OS.

Recent advances in elucidating the molecular mechanism of OS have revealed potential targets to treat OS by
regulating gene expression.9,10 For instance, regulating strontium signaling provides novel insights into the treatment of
OS.11 However, the development of OS-targeted molecular therapy still requires the identification of novel targets with
high efficiency and safety. Altered expression of lncRNAs is frequently observed in OS, and certain lncRNAs play
critical roles in the progression of OS,12,13 indicating that lncRNAs are potential therapeutic targets for OS. LncRNA
TMC3-AS1 is affected by lipopolysaccharide (LPS),14 which contributes to OS.15 Therefore, we hypothesized that
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TMC3-AS1 is involved in OS and interacts with miR-708, which could inhibit osteoblast apoptosis,16 and explored the
interaction between TMC3-AS1 and miR-708 in OS.

Materials and Methods
Patients and Cells
The present study enrolled 60 OS patients and 60 controls who were willing to donate blood samples at The First
Affiliated Hospital of Nanchang University. The study was approved by the Ethics Committee of The First Affiliated
Hospital of Nanchang University (Approval No. 72355). All experimental procedures were performed in accordance with
the Declaration of Helsinki. Patients diagnosed with OS by dual-energy x-ray absorptiometry and willing to participate
were included. Patients complicated with metabolic diseases and severe diseases, such as cancers and heart diseases, and
previously had OS were excluded from the study. All controls exhibited normal physiological parameters except obesity.
All participants signed informed consent. Patients’ clinical data are presented in Table 1. OS-affected osteoblasts derived
from an adult OS patient (406–05A, Sigma-Aldrich) were used in this study and cultured in DMEM containing FBS
(10%), L-glutamine (2 mM), and penicillin/streptomycin (1000 units) at 37°C in an incubator with 5% CO2 and 95%
humidity. LPS was added to the medium to final concentrations of 0, 0.5, 1, 2, and 4 μg/mL, followed by cell culture for
48h to achieve LPS treatment.

Blood Isolation and Plasma Preparations
Overnight fasten blood samples were withdrawn from all controls and OS patients and immediately transferred to
BDVacutainer Plastic Blood Collection Tubes. After centrifugation 1200g for 12 min, the plasma samples were collected
and stored in liquid nitrogen prior to RNA isolations.

Cell Transfection
TMC3-AS1 and/or miR-708 were overexpressed in osteoblasts by transiently transfecting TMC3-AS1 expression vector
(pcDNA3.1) and/or miR-708 mimic (RiboBio) using Neon™ Transfection System (Thermo Fisher Scientific).
Untransfected cells were cultured until the end of experiments and served as the control (C).

RNA Preparations
Total RNAs were isolated from both plasma samples and osteoblasts using RNAstorm™ RNA Isolation Kit (Biotium)
and treated with DNase I (NEB) until a ratio of OD 260/280 above 1.8 was reached. All RNA samples were analyzed
using Bioanalyzer to check their RNA concentrations and ensure they had a RIN value higher than 8.0.

Table 1 Clinical Data of Both OS Patients and Controls

Parameters OS (n = 60) Control (n = 60)

Female gender 40 40

Age (Years, mean±SD) 59.7±9.2 59.6±8.8

Disease duration (months ±SD) 64.1±13.3 NA

Obesity 36 37

Stage

III 28 NA

IV 32 NA

Smokers % 23 22

Drinkers % 28 27
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RT-qPCRs
Total RNAs (5000ng) were reverse transcribed into cDNA samples. With cDNA samples as templates, expression levels of
TMC3-AS1 and miR-708 (both mature and premature) were determined using qPCRs with GAPDH and U6 as the internal
controls, respectively. Ct values of targeted genes were normalized to their controls using the 2−ΔΔCt method. Primer sequences
were 5’-CTGAAGTCCCGAGACCACAACCC-3’ (forward) and 5’-TCTGCCCAAGACCTGGACACC-3’ (reverse) for
TMC3-AS1, 5’-ATGGTGAAGGTCGGTGTGAA-3’ (forward) and 5’-CGCTCCTGGAAGATGGTGAT-3’ (reverse) for
GAPDH, 5’-GCTTCGGCAGCACATATACTAA-3’ (forward) and 5’-CGCTTCACGAATTTGCGTGT-3’ (reverse) for U6,
and 5’-AAGGAGCTTACAATCTAGC-3’ (forward) and poly(T) (reverse) for miR-708.

Subcellular Distribution of TMC3-AS1
Cytoplasm and nucleus samples of TMC3-AS1 in osteoblast cells were prepared using the Cytoplasmic and Nuclear
RNA Purification Kit (Cat. 21000, BioVision) through centrifugation. The separated cytoplasm sample was directly used
for RNA isolation, while the nucleus fraction was further subjected to nucleus isolation and used for RNA isolation. The
isolated RNA samples were reverse transcribed into cDNAs and used for PCRs to amplify TMC3-AS1. The PCR
products were separated on agarose gels (2%) and stained using EB to visualize DNA bands under MyECL analyzer.

RNA-RNA Pull-Down Assay
Both negative control (NC) and TMC3-AS1 transcripts were prepared using T7 RNA polymerase in vitro and labeled at
3’ end with biotin using Pierce™ RNA 3’ End Biotinylation Kit (Fisher Scientific). The labeled RNAs were named Bio-
NC and Bio-TMC3-AS1 and transiently transfected into osteoblasts. At 48h of post-transfection, cells were lysed on ice.
The labeled RNAs were pulled down with magnetic beads, isolated, and subjected to RT-qPCR to determine TMC3-AS1
and miR-708 levels.

Cell Apoptosis Assay
Transfected osteoblasts were harvested at 48h of post-transfection and further incubated in the medium with 4 μg/mL
LPS for 48h. After that, cells were digested with 0.25% trypsin, washed with PBS, resuspended in binding buffer, and
stained with FITC and PI staining. Cell apoptosis was analyzed using flow cytometry.

Statistical Analysis
All experiments were performed in triplicates. Data were expressed as mean ± SD values. Differences among more than
two independent groups and between two independent groups were compared using ANOVATukey’s test and unpaired t
test, respectively. P < 0.05 was statistically significant.

Results
Differential Expression of TMC3-AS1 and miR-708 in OS
The study included 60 OS patients and 60 controls. OS patients had body mass index (BMI) in the range from 24.9 to
34.8, with a mean of 30.8± 3.8, height in the range from 153 cm to 182 cm, with a mean of 168.8± 9.7 cm, and weight in
the range from 62.6 to 103.4 kg, with a mean of 86.8 ± 7.8 kg. The expression levels of TMC3-AS1 and miR-708 in
plasma samples donated by the 60 OS patients and 60 controls were determined using RT-qPCR. The results showed that
TMC3-AS1 (Figure 1A, p < 0.01) and premature miR-708 (Figure 1B, p < 0.01) were highly expressed in OS. In
contrast, mature miR-708 was lowly expressed in OS (Figure 1C, p < 0.01). Pearson’s correlation coefficient analysis
showed that TMC3-AS1, premature miR-708, and mature miR-708 levels were not closely correlated to patients’ BMI,
height, and weight (p > 0.05, data not shown).

Osteoblasts were treated with LPS (0, 0.5, 1, 2, and 4 μg/mL) for 48h, and the levels of both premature (Figure 1E)
and mature miR-708 (Figure 1F) and TMC3-AS1 (Figure 1D) were determined. TMC3-AS1 and premature miR-708
were upregulated by LPS in osteoblasts, while mature miR-708 was downregulated by LPS (p < 0.05).
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Correlation of TMC3-AS1 with miR-708
Correlations of TMC3-AS1 with miR-708 at both premature (Figure 2A) and mature (Figure 2B) levels across OS
samples were analyzed with Pearson’s correlation coefficient. The data revealed that TMC3-AS1 level was positively
correlated with premature miR-708 level and inversely correlated with mature miR-708 level.

Subcellular Location of TMC3-AS1 in Osteoblasts and Direct Interaction Between
TMC3-AS1 and Premature miR-708
The subcellular location of TMC3-AS1 in osteoblasts was analyzed with the subcellular fractionation assay. Different
from GAPDH, which is a cytoplasmic marker, TMC3-AS1 was detected in both nuclear and cytoplasm samples from

Figure 1 Differential expression of TMC3-AS1 and miR-708 in OS. Total RNAs were isolated from plasma samples donated by the 60 OS patients and 60 controls. The
expression levels of TMC3-AS1 (A) and miR-708 at both premature (B) and mature (C) levels were determined using RT-qPCRs. Osteoblasts were treated with LPS (0, 0.5,
1, 2, and 4 μg/mL) for 48h, and the expression of TMC3-AS1 (D) and miR-708 at both premature (E) and mature (F) levels were determined using RT-qPCRs. *, p < 0.05; **,
p < 0.01.

Figure 2 Correlation of TMC3-AS1 with miR-708. Correlations of TMC3-AS1 with miR-708 at both premature (A) and mature (B) levels across OS samples were analyzed
with Pearson’s correlation coefficient.
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osteoblasts (Figure 3A). IntaRNA 2.0 predicted that TMC3-AS1 and premature miR-708 might form multiple base
pairings (Figure 3B). RNA-RNA pulldown assay showed that premature miR-708 level was significantly higher in Bio-
TMC3-AS1-pulldown samples than in Bio-NC-pulldown samples, confirming the direct interaction between TMC3-AS1
and premature miR-708 (Figure 3C, p < 0.01).

Regulation of miR-708 Maturation by TMC3-AS1
TMC3-AS1 and miR-708 were overexpressed in osteoblasts. Their overexpression was confirmed every 24h until 96h
(Figure 4A, p < 0.05). TMC3-AS1 overexpression increased premature miR-708 level (Figure 4B, p < 0.05) and
decreased mature miR-708 level (Figure 4C, p < 0.05).

Regulation of Osteoblast Apoptosis by TMC3-AS1 and miR-708
Apoptosis of osteoblast with TMC3-AS1 and miR-708 overexpression induced by LPS (4 μg/mL LPS) for 48h was
analyzed with cell apoptosis assay. TMC3-AS1 overexpression increased LPS-induced osteoblast apoptosis and sup-
pressed the role of miR-708 in inhibiting osteoblast apoptosis (Figure 5, p < 0.05).

Discussion
This study characterized the role of TMC3-AS1 in OS. Interestingly, the present study illustrated that TMC3-AS1, a
possible LPS-regulated lncRNA, may participate in OS by regulating osteoblast apoptosis through regulating miR-708
maturation.

Ye et al recently reported that TMC3-AS1 expression is regulated by LPS, and LPS-regulated TMC3-AS1 may
negatively regulate IL-10 expression.14 The present study confirmed TMC3-AS1 upregulation by LPS in osteoblast and,
for the first time, reported TMC3-AS1 overexpression in OS. It is known that increased LPS level in OS contributes to
the disease progression.15 Therefore, increased TMC3-AS1 expression in OS is likely induced by LPS. Interestingly, the
present study showed that TMC3-AS1 overexpression increased osteoblast apoptosis induced by LPS. In addition, IL-10

Figure 3 Subcellular location of TMC3-AS1 in osteoblasts and the direct interaction between TMC3-AS1 and premature miR-708. The subcellular location of TMC3-AS1 in
osteoblasts was analyzed with Subcellular fractionation assay (A). The direct interaction between TMC3-AS1 and premature miR-70 was predicted by IntaRNA 2.0 (B) and
confirmed by RNA-RNA pulldown assay (C). **, p < 0.01.
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Figure 4 Regulation of miR-708 maturation by TMC3-AS1. TMC3-AS1 and miR-708 were overexpressed in osteoblasts. Their overexpression was confirmed every 24h
until 96h (A). The role of TMC3-AS1 in the expression of premature miR-708 (B) and mature miR-708 (C) was analyzed with RT-qPCR. *, p < 0.05.

Figure 5 Regulation of osteoblast apoptosis by TMC3-AS1 and miR-708. Apoptosis of osteoblast with TMC3-AS1 and miR-708 overexpression induced by LPS (4 μg/mL
LPS) for 48h was analyzed using cell apoptosis assay. *, p < 0.05.
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is a well-characterized anti-inflammatory cytokine and can reduce the production and secretion of proinflammatory
cytokines.17 Therefore, TMC3-AS1 may also promote inflammatory responses in OS to accelerate disease progression.
Future studies may focus on the role of TMC3-AS1 in the inflammation pathways involved in OS.

It has been reported that miR-708 could inhibit H2O2-induced MC3T3-E1 cell injury and apoptosis by targeting
PTEN.16 Interestingly, the present study showed that LPS reduced the mature miR-708 level and increased its premature
level. Moreover, miR-708 was lowly expressed at the mature level and highly expressed at the premature level in OS
patients. Therefore, LPS may suppress miR-708 maturation in OS. Moreover, overexpression of mature miR-708
suppressed osteoblast apoptosis induced by LPS. Therefore, miR-708 overexpression may serve as a potential target to
treat OS.

Furthermore, TMC3-AS1, which is localized at both nuclear and cytoplasm fractions of osteoblasts, suppresses miR-
708 maturation in osteoblasts and directly interacts with premature miR-708. We speculated that TMC3-AS1 might
sponge premature miR-708 in the nucleus of the osteoblasts to suppress premature miRNA translocation from the
nucleus to the cytoplasm, thereby inhibiting miR-708 maturation. However, this research is limited by the small sample
numbers. Moreover, the in vivo interaction between TMC3-AS1 and miR-708 is not explored.

In conclusion, TMC3-AS1 is overexpressed in OS. TMC3-AS1 may sponge premature miR-708 to suppress its
maturation, thereby increasing LPS-induced osteoblast apoptosis. However, the conclusions remain to be further verified.
The present study characterizes a novel TMC3-AS1/miR-708 axis in OS and indicates that this axis may be targeted to
treat OS. However, clinical trials are needed to test this hypothesis.

Disclosure
The authors declare that they have no competing interests in this work.
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