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An emerging potential therapeutic target for osteoporosis: LncRNA H19/miR-29a-3p axis
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Osteoporosis (OP) is a complex systemic disease characterized by a loss of bone density, leading to bone
fragility and an increase risk of fractures of the hip, spine and wrist. The clinical therapeutic effect is still far
from satisfactory. Thus, further studies are urgently needed to explore the pathogenesis of OP. In this study, our
aim is to explore the underlying molecular mechanism of lncRNA H19/miR-29a-3p axis for regulating of
inflammation, proliferation and apoptosis in OP. The expression of lncRNA H19 was significantly upregulated
in OP samples compared with the health control. Subsequently, we found that miR-29a-3p is the target of
lncRNA H19 in OP. Furthermore, the knockdown of lncRNA H19 was validated to promote the expression of
pro-inflammatory mediators, repress cell proliferation and inhibit cell apoptosis in vitro. Moreover, the modu-
lating effects of lncRNA-H19 on the expressions of pro-inflammatory mediators, cell proliferation and apopto-
sis in vitro were diminished after co-transfecting with miR-29a-3p inhibitor and siRNA-H19. Thus, we con-
cluded that lncRNA H19/miR-29a-3p axis was involved in the development of OP. This study might provide a
better understanding of OP development and a potential therapeutic target for OP intervention.
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Introduction
Osteoporosis (OP) is a prevalent metabolic bone disease with

the bone fragility. OP affects millions of individuals worldwide,
particularly those with pathologic fractures.1,2 OP has been identi-
fied as one of the three major chronic diseases with hypertension
and diabetes, which is mostly related to estrogen and age.
Currently, hormone replacement, calcium supplement and inhibi-
tion on bone resorption are main clinical therapeutic methods for
OP. However, the clinical therapeutic effect is still far from satis-
factory since the toxic and side effects for drugs, malabsorption
and poor patient compliance. Further researches are therefore
urgently needed to explore the potential therapeutic targets of OP.3
Long non-coding RNAs (lncRNAs) are transcribed from the non-
protein part of human genome with more than 200 nucleotide (nt)
in length. LncRNAs are widely involved in the regulation of gene
expression in various kinds of diseases.4-7

Several studies have found that lncRNAs play important roles
in the occurrence and development of osteoporosis. LncRNA
CASC11 has been found to be upregulated in postmenopausal
osteoporosis and is correlated with TNF-α.8 In addition, lncRNA
TUG1 was upregulated in osteoporosis and regulates the prolifer-
ation and apoptosis of osteoclasts.9 LncRNA H19 has been report-
ed in several studies to be involved in the development and pro-
gression of various types of diseases. LncRNA H19 rs217727
polymorphism has been found to be associated with oral squamous
cell carcinoma susceptibility in Iranian population.10 LncRNA H19
has also been found to promote tumorigenesis of multiple myelo-
ma by activating BRD4 signaling by targeting miR-152-3p.11

Moreover, LncRNA H19 has been validated as a novel therapeutic
target for pancreatic cancer.12 However, the functional roles of
lncRNA H19 in the progression and development of osteoporosis
still remain largely unclear.

MicroRNAs (miRNAs) are endogenous short non-coding
RNAs with 17-25nt in length that control gene expression at the
post-translational level by mRNA degradation and translational
repression.13 In recent years, researchers have explored the roles of
lncRNA/miRNA loop in the progression and development in many
kinds of diseases. LncRNA MSC-AS1 promoted osteogenic differ-
entiation and alleviates osteoporosis through sponging miRNA-
140-5p to upregulate BMP2.14 In addition, miR-29a-3p has been
reported as the target of LncRNA H19 in the cell renal cell carci-
noma.15 Moreover, LncRNA MALAT1 shuttled by bone marrow-
derived mesenchymal stem cells-secreted exosomes alleviates
osteoporosis through mediating miRNA-34C/SATB2 axis.16

However, lncRNA-H19/miR-29a-3p whether functions as regula-
tory mediator has not been reported in OP.

In the present study, our goal is to elucidate the underlying
molecular mechanism of lncRNA H19/miR-29a-3p axis for regu-
lating of inflammation and proliferation in OP. The differentially

expressed lncRNA H19, and the expression of miR-29a-3p in in
OP and health control samples were firstly determined by qRT-
PCR. Subsequently, we detected the underlying mechanism of
lncRNA-H19/miR-29a-3p in the development of OP in vitro. This
study might provide a novel understanding of OP development and
a potential window for OP therapeutic intervention.

Materials and Methods

Sample collection 
In this study, verbal consent was obtained from all subjects

before sample collection. A total of 30 female subjects were
recruited into present study, including 15 patients at diagnosis with
postmenopausal osteoporosis (age: 45-75years) and 15 post-
menopausal controls (age: 43-76years) from Guangdong
Provincial Hospital of Chinese Medicine between February 2019
and November 2019. The inclusion criteria were as follows: natu-
ral menopause after 40 years of age and a bone mineral density
(BMD) of at least 2.5 standard deviation (SD) below the peak
mean BMD of healthy young women (-2.5 T-score) at the lumbar
spine, total hip or femoral neck. Patients with a medical history of
OP treatment, hormone replacement therapy, early menopause (<
40 years), abnormal menopause, acute gastrointestinal inflamma-
tion, or chronic renal failure were excluded. Bone marrow samples
were collected during the implantation of a total endoprosthesis or
gamma nail into the proximal femur. Five mL of venous blood was
harvested from each clinically diagnosed osteoporosis patients and
controls in the morning under the fasting stage. Their pathological
data were then collected. Blood samples were centrifuged (3000
g/min, 10 min) at 4°C after standing for 30 min. The supernatant
serum (non-hemolytic state) was centrifuged (135,000 g/min, 15
min) again at 4°C. After then, the serum samples were sub-pack-
aged (200 μL/tube) and stored at -80°C for subsequent use. All
protocols were approved by the Ethics Committee of Guangzhou
University of Chinese Medicine, and all participants signed
informed consent before the study.

qRT-PCR
We used RNAzol reagent (Sigma-Aldrich, Shanghai, China) to

extract total RNA from plasma. The quantity of RNA was meas-
ured using the QIAxpert (Qiagen, Shenzhen, China). After removal
of residual DNA by TURBO DNase (Thermo Fisher Scientific,
Shanghai, China), High-Capacity cDNA Reverse Transcription Kit
(Thermo Fisher Scientific) was used to performed reverse tran-
scription. To detect the expression of lncRNA H19, TNF-α, IL-1β
and IL-10 mRNAs, primers including β-actin were synthesized by
IDT (San Diego, CA, USA). β-actin was used as endogenous ref-
erence for normalization. All primers are listed in Table 1. 

Table 1. All primers for qRT-PCR.

                                                  Forward primer                                                                        Reverse primer

lncRNA H19                                   ATCGGTGCCTCAGCGTTCGG                                                                           TGTCCTCGCCGTCACACCG
TNF-α                                            GCCTCTTCTCATTCCTGCTTG                                                                          CTGATGAGAGGGAGGCCATT
IL-1β                                            TGGACCTTCCAGGATGAGGACA                                                                     GTTCATCTCGGAGCCTGTAGTG
IL-10                                             CGGGAAGACAATAACTGCACCC                                                                     CGGTTAGCAGTATGTTGTCCAGC
β-actin                                          CGTGCGTGACATCAAAGAGAA                                                                          TGGATGCCACAGGATTCCAT
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Total RNA was reverse-transcribed using the Taqman
advanced miRNA cDNA synthesis kit (Applied Biosystems, Foster
City, CA, USA) to determine the expression of miR-29a-3p. The
expression of miR-29a-3p was normalized to U6 small nuclear
RNA (snRNA). U6 was reverse transcribed by TaqmanTM

microRNA reverse transcription kit (Applied Biosystems). miR-
29a-3p Taqman probe is commercially available from Applied
Biosystems. All of the relative expression levels were calculated in
according with the 2−ΔΔCT method.17.

Osteoclasts
Primary marrow–derived osteoclasts were generated from

bone marrow osteoclast precursors. All operations were strictly
followed the previously described methods.18 Briefly, to obtain pri-
mary osteoclasts, bone marrow was flushed from long bones of 4-
to 6-wk-old C57BL/6 mice (Guangdong Medical Experimental
Animal Center, Guangdong, China). Cells were cultured in α-
MEM (Gibco-Invitrogen, Carlsbad, CA, USA) supplemented with
10% FBS (Gibco-Invitrogen), 2 mM L-glutamine (Sigma-Aldrich,
Shanghai, China), and 1% P/S (Sigma-Aldrich) for 2 d before col-
lecting the nonadherent, hematopoietic bone marrow cells for
experiments. 

Luciferase reporter assay
Dual-luciferase assay was performed to confirm the interaction

between lncRNA-H19 and miR-29a-3p. LncRNA H19 wild-type
luciferase reporter vector (H19-WT) containing miR-29a-3p targeted
sequence and its mutant in the seeded region (H19-MUT) were con-
structed by Applied Biosystems. Osteoclasts were transfected with the
reporter plasmids and miR-29a-3p or miRNA control (miR-con) with
lipofectamine 2000 (Thermo Fisher Scientific) as previously
described.19 Data was expressed as a ratio of firefly luciferase activ-
ity normalized to Renilla luciferase activity. 

RNA immunoprecipitation assay
We determined the interaction between H19 and miR-29b-3p

using immunoprecipitation (RIP) assay as previously described.15

EZMagna RIP RNA-binding protein immunoprecipitation kit
(Millipore, Billerica, MA, USA) was carried out according to the
manufacturer’s instructions. RNA was pulled down with the anti-
human argonaute2 (Ago2) antibodies (Millipore), and IgG
(Millipore) was used as a negative control (input). The coprecipi-
tated RNAs were reverse-transcribed and analyzed by qRT-PCR to
detect the enrichment of lncRNA-H19 and miR-29a-3p.

Overexpression and knockdown 
pcDNA3.1-H19, pcDNA3.1, H19 targeting siRNA (si-H19)

and its negative control (si-NC) were purchased from Genepharma
Inc. (Shanghai, China). Osteoclasts transfection with pcDNAs or
siRNAs were carried out by Lipofectamine 2000 (Thermo Fisher
Scientific) according to the manufacture protocol. The miR-29a-3p
inhibitor and negative control was bought from Genepharma. 

Cell proliferation assay
We used cell counting kit-8 (CCK-8; Dojindo Laboratories,

Kumamoto, Japan) to detect the proliferation of cells. The cells (2
× 104 cells/mL) were seeded in a 96-well plate. Subsequently, the
CCK-8 solution (10 μL/well) was added at 12, 24, 48, or 72 h to
monitor cell viability. After then, the cells were incubated with 5%
CO2 at 37°C for 2 h. The absorbance of each well was measured at
450 nm using a microplate reader.

Flow cytometric analysis
Cells (5 X 105 cells /well) with transfection of si-NC, si-H19,

miR-29-3p inhibitor, or si-H19 + miR-29-3p were cultured in the

6-well plates for 48 h. Cells were harvested and apoptotic cells
were detected by staining with Annexin V-FITC and propidium
iodide (PI) according to the manufacturer’s protocol (BD
Biosciences, Shanghai, China). The stained cells were immediately
analyzed by a flow cytometer.

Statistical analysis
Statistical analyses were performed by using the SPSS 22.0

software (SPSS Inc, Chicago, IL, USA). All data were expressed
as mean ± SE in 3 independent experiments with triplicate meas-
urements. We used Student’s paired t-test to analyze the differ-
ences between groups. Significant differences were considered
when a p-value less than 0.05.

Results    

Expression of lncRNA H19 in plasma
The plasma of patients with osteoporosis (n=15) and controls

(n=15) were used to determine the expression of lncRNA H19
using qRT-qPCR. LncRNA H19 expression were significantly
higher in the plasma of osteoporosis patients relative to healthy
participants (Figure 1A, P<0.05). 

MiR-29a-3p is the target of lncRNA H19
We subsequently exanimated the expression level changes of

miR-29a-3p in the plasma between osteoporosis and healthy par-
ticipants using qRT-PCR. As shown in Figure 2A, the expression
of miR-29a-3p was remarkedly decreased in the plasma of osteo-
porosis participants than that of healthy participants. 
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Figure 1. lncRNA H19 was highly expressed in the plasma of
osteoporosis patients than in healthy participants. The qRT-PCR
results showed that plasma levels of lncRNA H19 were signifi-
cantly upregulated in osteoporosis patients compared with
healthy participants. *P<0.05 vs health participates. 
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To explore whether there is a direct effect between lncRNA
H19 and miR-29a-3p, dual-luciferase assay was carried out in
osteoclasts. We found that miR-29a-3p suppressed the luciferase
activity of H19-WT but not H19-MUT (Figure 2 B,C). To confirm
that lncRNA H19 associates with miR-29a-3p, RIP was performed
after then to detect the binding abundances of lncRNA H19, miR-

29a-3p and Ago2. The results illustrated that the expression abun-
dance of lncRNA H19 and miR-29a-3p in the Ago2 antigen-anti-
body complex were significantly increased compared with the con-
trol group (Figure 2D). This indicated that lncRNA H19 and miR-
29a-3p can be combined with Ago2, which was consistent with the
luciferase assay.

Figure 2. MiR-29a-3p is the target of lncRNA H19. A) miR-29a-3p was decreased in the plasma of osteoporosis patients than in healthy
participants; qRT-PCR results showed that plasma miR-29a-3p levels were significantly upregulated in osteoporosis patients compared
with healthy participants; *p<0.05 vs health participates. B) Representation the wildtype lncRNA-H19 (WT) and mutant (MUT) with
the miR-29a-3p binding sites. C) Confirm the interaction between miR-29a-3p and lncRNA H19 by dual-luciferase assay; sata were
represented as the mean ± SE (n=3), *p<0.05 vs H19-WT. D) LncRNA H19 mRNA level was detected in the substrate of RIP assay by
qRT-PCR; data were represented as the mean ± SE (n=3), *p<0.05 vs IgG.

Figure 3. LncRNA-H19 regulated the expression of pro-inflammatory factors through miR-29a-3p. A) The mRNA level of lncRNA H19
in cells transfected with pcDNA3.1 or pcDNA3.1-H19. B) The mRNA level of lncRNA H19 in cells transfected with si-NC or si-H19.
C) The mRNA level of TNF-α, IL-1β and IL-10 in cells transfected with pcDNA3.1 or pcDNA3.1-H19. D) The mRNA level of TNF-
α, IL-1β and IL-10 in cells transfected with si-NC or si-H19. E) The mRNA level of TNF-α, IL-1β and IL-10 in cells transfected with
si-NC, si-H19, miR-29-3p inhibitor, or si-H19 + miR-29-3p inhibitor. All data were represented as the mean ± SE (n=3), *p<0.05 vs
control.
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LncRNA H19/miR-29a-3p promoted the expression of
pro-inflammatory factors

Overexpression of LncRNA H19 has been reported to be rela-
tive to the inflammation response.20 We initially explored the
effects of lncRNA H19/ miR-29a-3p axis on the inflammation
response of osteoporosis. We firstly confirmed that lncRNA H19
was successfully overexpressed and silenced in osteoclasts. As
present in Figure 3 A,B, lncRNA H19 expression was significantly
increased and decreased after transfecting with pcDNA3.1-H19 or
si-H19 compared with their related controls. LncRNA H19 overex-
pression promoted the expression of in osteoclasts (Figure 3C).
However, the knockdown of lncRNA H19 suppressed the expres-
sions of TNF-α, IL-1β and IL-10 in osteoclasts (Figure 3D).
Moreover, the modulating effects of lncRNA-H19 on the expres-
sions of TNF-α, IL-1β and IL-10 were diminished in the cells of
co-transfecting with miR-29a-3p inhibitor and siRNA-H19 (Figure
3E). 

LncRNA H19/miR-29a-3p axis on cell proliferation
LncRNA H19 has been reported to have modulating effect on

cell proliferation,15 it is unclear whether lncRNA H19 has effects
on proliferation of osteoclasts. We subsequently explored the
effects of lncRNA H19/miR-29a-3p on cell proliferation. As we
expected, osteoclasts cell proliferation was significantly repressed
at the different indicated time points using a CCK-8 assay after
cells were transfected with si-H19 (Figure 4). However, co-trans-
fecting with miR-29a-3p inhibitor and siRNA-H19 reduced the
modulating effects of siRNA-H19 on the cell proliferation (Figure
4).

LncRNA H19 modulated the cell apoptosis via miR-
29a-3p 

The effect of lncRNA H19/miR-29a-3p on the cell apoptosis
was determined by cell flow cytometry. Osteoclasts cell apoptosis
was significantly inhibited after cells were transfected with si-H19
(Figure 5). However, co-transfecting with miR-29a-3p inhibitor
and siRNA-H19 obligated the effects of siRNA-H19 on the cell
proliferation (Figure 5).

To sum up, lncRNA H19/miR-29a-3p axis contributes to the
development of osteoporosis via modulating the expression of pro-
inflammatory factors, proliferation and apoptosis. Our findings at
least partly explain the underlying molecular mechanism for the
regulatory effect of lncRNA H19/miR-29a-3p axis.

Discussion
OP is a commonly occurring condition marked by destruction

of balance between bone formation of osteoblasts and bone resorp-
tion of osteoclasts because of estrogen deficiency. Since OP
patients have a limited option of clinical therapeutic option, thus
the explore of novel molecular markers are required. However, the
function of lncRNA H19 has not been elucidated in OP. In this
study, we first found lncRNA H19 was significantly upregulated in
OP plasma than that of health control samples. Furthermore, miR-
29a-3p has been found as the target of lncRNA H19. Moreover,
lncRNA H19 has been verified to elevate the expression of pro-
inflammatory mediators, such as TNF-α, IL-1β and IL-10, and
enhance the proliferation.

Figure 4. LncRNA H19 modulated the cell proliferation via miR-
29a-3p. Cells were plated in a 96-well plate and transfected with
si-NC, si-H19, miR-29-3p inhibitor, or si-H19 + miR-29-3p
inhibitor. CCK-8 assay was used to detect the cell proliferation at
the indicated time points. All data were represented as the mean
± SE (n=3), *p<0.05 vs si-NC.

Figure 5. LncRNA H19 regulated the cell apoptosis through miR-29a-3p. Annexin V was used to monitor the in vitro cell apoptosis
after transfection with si-NC, si-H19, miR-29-3p inhibitor, or si-H19 + miR-29-3p inhibitor. Osteoclasts cell apoptosis was significant-
ly inhibited after cells were transfected with si-H19. However, co-transfecting with miR-29a-3p inhibitor and siRNA-H19 obligated the
effects of siRNA-H19 on the cell proliferation.
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The lncRNA H19/miRNA axis regulatory function has been
found to play important roles in different diseases. LncRNA
H19/miR-675/PPARα axis has been indicated to regulate liver cell
injury and energy metabolism remodeling induced by hepatitis BX
protein via Akt/mTOR signaling.21 In addition, lncRNA H19 has
been verified to function as an aquaporin 1 competitive endoge-
nous RNA to regulate miR-874 expression in lipopolysaccharide
(LPS) sepsis.22 In this study, we also investigated the combination
function of lncRNA H19/ miR-29a-3p in OP. Our data also indicat-
ed that the miR-29a-3p was significantly down-regulated in OP
plasma compared with that in the health control samples. The miR-
29a-3p inhibitor obligated the effect of si-H19 on pro-inflammato-
ry mediators, cell proliferation and cell apoptosis. However, it is
worthy to consider the dysfunction of lncRNA H19/miR-29a-3p
axis downstream genes, and the in vivo study in the future study.

To sum up, lncRNA H19/miR-29a-3p axis contributes to the
development of OP. Our findings also offered a better understand-
ing of OP development and a potential therapeutic target for OP
therapeutic intervention.
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