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Introduction: Many circRNAs, such as circRNA-0076906 and circRNA-0134944, have been reported to participate in the
pathogenesis of osteoporosis via sponging miRNAs in postmenopausal female patients. In this study, we aimed to study potential
signaling pathways underlying the role of certain circRNAs, miRNAs and their target genes in the pathogenesis of osteoporotic
fracture in postmenopausal females.

Methods: Quantitative real-time PCR was performed to analyze the expression of circRNAs, miRNAs and their targets genes.
Luciferase assays were carried out to explore the regulatory relationship between circ_0076906/miR-548i/OGN and circ 0134944/
miR-630/TLR4.

Results: Osteoporosis and fracture were positively correlated to the expression of circ_0134944, miR-548i and TLR4, but negatively
correlated to the expression of circ_0076906, miR-630 and OGN in the peripheral blood and bone tissue samples of postmenopausal
women. Luciferase activities of wild-type circ_0076906 and OGN were inhibited by miR-548i, and the luciferase activities of wild-
type circ_0134944 and TLR4 were suppressed by miR-630 in MG-63 and U-2 OS cells. Inhibition of circ_0076906 expression in MG-
63 and U-2 OS cells activated the expression of miR-5481 and inhibited the expression of OGN. Moreover, the overexpression of
circ_0134944 in MG-63 and U-2 OS cells suppressed the expression of miR-630 and enhanced the expression of TLR4.
Conclusion: This study implied that the dysregulation of circRNA-0076906 and circRNA-0134944 modulated their specific signaling
and thus contributed to the severity of osteoporosis, increasing the risk of osteoporotic fracture.
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Introduction

Osteoporosis is a frequently diagnosed disease of the bone featured by reduced bone tissue quality as well as a reduced mass of
bone tissues. It was determined that > 20 million people suffer from various degrees of osteoporosis at any moment.'* Although
various therapeutic approaches and agents, such as vitamin D, bisphosphonates, as well as calcium, have been tried to treat
osteoporosis and show a great progress in the past few decades, there is still a lack of effective treatments due to the complicated
mechanisms implicated in the pathogenesis of osteoporosis.®> While current osteoporosis treatments can decrease the danger of
bone fracture, fracture can still happen during the treatment although it may not indicate an inadequate treatment response.®® In

addition, it has been recognized that during the treatments of subjects who have not been treated with similar treatments before,
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a new fracture substantially elevates the danger of succeeding fractures.”'® For that reason, it is expected that certain bone
fractures may occur in subjects undertaking procedure for the treatment of osteoporosis.''"'*

CircRNAs can participate in many biological processes such as cell growth, cell signaling, pathological responses, and
physiological responses.'*'* It was shown that circRNAs might act as miRNA sponges via competing with mRNAs for miRNA
binding to regulate gene expression.'>'® For example, circ_0076906 has been reported to function as a sponge for miR-1305 to
compete with Osteoglycin (OGN), a target gene of miR-1305. Therefore, by regulating the expression of OGN, circ_0076906
could relive osteoporosis and promote osteogenic differentiation of human mesenchymal stem cells (hMSCs) and alleviate the
progression of osteoporosis.'’ Moreover, circ_0134944 was reported to downregulate miR-127 to participate in the signaling of
miR-127-5p/PDX1/SPHK 1 pathway, thus inhibiting osteoporosis.'®

Osteoglycin (OGN) is a humoral bone anabolic factor derived from muscles."” OGN level was shown to be linked to the
mineralization as well as phenotypes of osteoblasts.”® As a result, OGN may work as a key factor in the regulation of MSC
differentiation as well as a therapeutic target of osteoporosis. Subsequently, it was suggested that OGN might be of a key value in
the osteogenesis process of senile osteoporosis by regulating the expression of genes specific to osteogenesis, including RUNX?2,
ALP, OCN, as well as Wnt5b. In a previous study, lentiviral vectors were used to restore OGN expression in osteoporotic
SMMSCs to identify the effects of OGN on modulating the osteogenic differentiation of these cells. It was shown that OGN
overexpression up-regulated the expression of runt-related transcription factor 2 (RUNX2), alkaline phosphatase (ALP),
Osteocalcin (OCN), as well as Wnt Family Member 5B (Wnt5b) but downregulated the expression of adaptor protein 2 (aP2)
as well as peroxisome proliferator-activated receptor y2 (PPARYy2), which defined the phenotypes of adipocytes, indicating that the
OGN signaling might play an essential role in managing osteoblast differentiation in the pathogenesis of senile osteoporosis.?'

Toll-like receptor 4 (TLR4) is expressed on osteoclast as well as osteoblast surface to serve as important regulators of immune
responses during chronic inflammation in the postmenopausal females, eventually leading to the onset of postmenopausal
osteoporosis at some point. Kaleta et al found no difference in the genotype frequency of TLR4 in postmenopausal females
with and without osteoporosis.”> The administration of methionine was shown to reduce TLR4 expression, which is usually
induced in osteoclast precursors by ovariectomy, suggesting that TLR4 is implicated in weight gain, osteoclast genesis, insulin
resistance as well as inflammation.”*

OGN was reported to play a significant role in osteoporosis,”' and circ 0076906 has been reported to modulate the expression
of OGN and alleviate the progression of osteoporosis.'” And circ_0134944 was reported to be upregulated in postmenopausal

1."® Moreover, in the study which

osteoporosis patients,>* and prevent the process of osteoporosis by overexpressing SPHK
explores the genome-wide circRNAs expression files to identify candidate circRNAs associated with osteoporosis, several
circRNAs including circ 0134944, circ 0057340, circ 0005692, circ 0076906, circ 0088422 were identified via
microarray.”*?* Therefore, in this study, we investigated the expression of these circRNAs to identify the circRNAs associated
with osteoporosis fracture and study the potential signaling pathways underlying the role of circRNAs, miRNAs and their target

genes in the pathogenesis of osteoporotic fracture in postmenopausal females.

Materials and Methods

Patient Recruitment

In this study, we recruited 306 female subjects during they are being hospitalized due to osteoporosis fracture and divided them
into three groups: ie, 1. Osteoporosis (-) Fracture (-) group (N=132, patients with neither osteoporosis nor fracture); 2.
Osteoporosis (+) Fracture (-) group (N=112, patients with osteoporosis but no fracture); and 3. Osteoporosis (+) Fracture (+)
group (N=62, patients with both osteoporosis and fracture). Osteoporosis is defined based on the BMD evaluation by dual-energy
X-ray absorptiometry (DXA). And the fractures were mainly defined via radiological imaging methods as well as clinical
manifestation. The information of these patients including their age, height, weight, BMI, bone mineral density (BMD), L1-L4
BMD, femoral neck BMD and total hip BMD was collected and compared among the 3 groups using the Student’s test. In
addition, peripheral blood samples were collected from all subjects of the three groups. Furthermore, because some of the subjects
in the above three groups underwent surgery, their bone tissue samples were harvested to examine the expression of circ_ 0134944,
circ_0057340, circ_0005692, circ_0076906, circ_0088422, miR-548i and miR-630. The subjects subject to bone tissue sample
collection were divided into the following 3 groups, ie, 1. Osteoporosis (-) Fracture (-) group (N=12, patients with neither

184 https: Pharmacogenomics and Personalized Medicine 2023:16
Dove


https://www.dovepress.com
https://www.dovepress.com

Dove Yang et al

osteoporosis nor fracture); 2. Osteoporosis (+) Fracture (-) group (N=11, patients with osteoporosis but no fracture); and 3.
Osteoporosis (+) Fracture (+) group (N=6, patients with both osteoporosis and fracture). The Human Research Ethics Committees
of Shanghai Eighth People’s Hospital has approved this research and all methods were performed in accordance with the last
vision of the Declaration of Helsinki. Written informed consent was obtained from all participants before the study.

RNA [solation and Real-Time PCR

Quantitative real-time PCR was performed to analyze the expression of circ 0134944, circ 0057340, circ_0005692,
circ_0076906, circ 0088422, miR-548i and miR-630 in each collected sample. In brief, total RNA was extracted from the
collected samples first by making use of a RNeasy Mini kit (Qiagen GmbH) according to the experimental protocol recommended
by the reagent manufacturer. Then, RNA was reverse transcribed into cDNA templates by using a Primer Script one-step reverse
transcription assay kit (TaKaRa, Tokyo, Japan) according to the experimental protocol recommended by the assay kit manu-
facturer. In the next step, real time PCR was carried out by using the synthesized cDNA templates and a SYBR Green Premix Ex
Taq II real time PCR assay kit (TaKaRa, Tokyo, Japan) according to the experimental protocol recommended by the assay kit
manufacturer. The real time PCR reactions were carried out in an ABI7500 real time PCR machine (Applied Biosystems, Foster
City, CA) according to the instrument instructions of the manufacturer. Finally, the relative expression of circ 0134944,
circ_0057340, circ_0005692, circ_0076906, circ 0088422, miR-548i, TLR4 mRNA, OGN mRNA as well as miR-630 in

Z*AACI

each sample was determined by using the approach. The sequences of primers used in this study were shown in

Supplementary Table 1.

Cell Culture and Transfection

In order to further explore the regulatory relationship of various target genes, various siRNAs were transfected into MG-63 and
U-2 OS cells to evaluate their effects on the expression of miR-548i, circ_0134944, miR-630 and TLR4. In brief, MG-63 and U-2
OS cells were bought from the Shanghai Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and maintained
according to the culture conditions recommended by the cell supplier, ie, Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco,
Grand Island, NY) added with 10% FBS (HyClone, Invitrogen, Carlsbad, CA), 100 U/mL of penicillin as well as 100 pg/mL of
streptomycin (Invitrogen, Carlsbad, CA). The cells were incubated in humidified 37 © C incubator under 5% CO2. The cells were
passaged once every 3 days during the experiment. When the cells were 70% confluent, they were divided into two cell models. In
cell model 1, the cells were divided into 2 groups, ie 1. NC siRNA group (MG-63 and U-2 OS cells transfected with a negative
control siRNA); and 2. circ_0076906 siRNA group (MG-63 and U-2 OS cells transfected with circ_0076906 siRNA). In cell
model 2, the cells were also divided into 2 groups, ie 1. a pGL3 group in which the MG-63 and U-2 OS cells were transfected with
an empty pGL3 vector (Cat No. E1751, Promega, Madison, WI); and 2. a pGL3-circ_0134944 group in which the MG-63 and U-2
OS cells were transfected with a pGL3 vector carrying circ_0134944. For the transfection experiments, the cells in the various
groups were transfected by utilizing Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to the experimental protocol
recommended by the manufacturer of the transfection reagent. At 48 h after transfection, the transfected cells were harvested to
assay the expression of target genes.

Vector Construction, Mutagenesis and Luciferase Assay

The results of binding site prediction indicated that miR-548i could bind to circ_0076906 and OGN, while circ 0134944 and
TLR4 were the potential targets of miR-630. In order to confirm the regulatory relationship between miR-548i, circ_0076906 and
OGN, luciferase assays were performed. Site-directed mutagenesis was carried out using a Quick Change Site-Directed
Mutagenesis assay kit (Stratagene, San Diego, CA) according to the assay protocol to induce mutations in the miR-548i binding
sites of circ_0134944 and OGN 3’ UTR, respectively. The wild-type or mutant miR-548i sequences containing circ_0134944 and
OGN 3’ UTR binding sites were cloned into pGL3 luciferase reporter vectors (Cat No. E1751, Promega, Madison, WI) to
generate vectors carrying miR-5481 with wild-type/mutant binding sites of circ 0134944 and OGN 3’ UTR. In the next step, these
vectors were co-transfected into MG-63 and U-2 OS cells with miR-548i or negative controls using Lipofectamine 2000
(Invitrogen, USA). At 48 h after the transfection, the luciferase activity of transfected cells was assayed by using a Dual
Luciferase reporter assay kit (Promega, Madison, WI) according to the kit protocol.
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Luciferase assays were also performed to confirm the regulatory relationship between circ 0134944, TLR4 and miR-630.
Similarly, site-directed mutagenesis was carried out by using the Quick Change Site-Directed Mutagenesis assay kit (Stratagene,
San Diego, CA) to induce mutations in the miR-630 binding sites of circ 0134944 and TLR4 3’ UTR, respectively. The wild-type
/mutant miR-630 sequences were respectively cloned into pGL3 luciferase reporter vectors to generate vectors carrying miR-630
with wild-type/mutant binding sites of circ 0134944 and TLR4 3’ UTR. MG-63 and U-2 OS cells were co-transfected with wild-
type/mutant vectors with miR-630 or negative controls by using Lipofectamine 2000 (Invitrogen, USA). At 48 h after the
transfection, the luciferase activity of transfected cells was also assayed by using the Dual Luciferase reporter assay kit (Promega,
Madison, WI) according to the kit protocol.

Statistical Analysis
The statistical analysis was conducted by utilizing SPSS 19.0 (SPSS, Chicago, IL). The differences among different groups were
analyzed by using Student’s t tests. P values were bilateral and were deemed statistically significant at < 0.05.

Results

Patient Characterization

In this study, we recruited 306 female subjects and divided them into three groups: 1. Osteoporosis (-) Fracture (-) (N=132); 2.
Osteoporosis (+) Fracture (-) (N=112); and 3. Osteoporosis (+) Fracture (+) (N=62) groups. The information of these patients
including their age, height, weight, BMI, BMD, L1-L4 BMD, femoral neck BMD and total hip BMD was summarized in Table 1.
No obvious difference was observed between the three groups in terms of patient age, height, weight and BMI, while the L1-L4
BMD, femoral neck BMD and total hip BMD were progressively decreased from group 1 to group 3.

Osteoporosis and Fracture Were Closely Correlated with the Expression of
circ_0134944, circ_0005692, miR-548i and miR-630 in the Peripheral Blood and Bone

Tissue Samples of Postmenopausal VWomen

Peripheral blood samples were collected from the subjects in the three groups. Quantitative real-time PCR was performed to
analyze the expression of circ_0134944, circ_0057340, circ_0005692, circ_0076906, circ 0088422, miR-548i and miR-630 in
the collected peripheral blood samples. The expression of circ 0134944 was significantly higher in the peripheral blood samples
of Osteoporosis (+) Fracture (+) patients and lower in the peripheral blood samples of Osteoporosis (-) Fracture (-) patients when
compared with that in the peripheral blood samples of Osteoporosis (+) Fracture (-) patients (Figure 1A). On the contrary, the
expression of circ_0076906 was remarkably suppressed in the peripheral blood samples of Osteoporosis (+) Fracture (+) patients
and activated in the peripheral blood samples of Osteoporosis (-) Fracture (-) patients (Figure 1B). Besides, no notable difference
was observed for the expression of circ_ 0057340 (Figure 1C), circ 0088422 (Figure 1D), and circ 0005692 (Figure 1E) in the
peripheral blood samples of these subjects. Moreover, the expression of miR-548i was significantly higher in the peripheral blood
samples of Osteoporosis (+) Fracture (+) patients and lower in the peripheral blood of Osteoporosis (-) Fracture (-) patients
(Figure 2A). The expression of miR-630 was remarkably suppressed in the peripheral blood samples of Osteoporosis (+) Fracture
(+) patients and activated in the peripheral blood of Osteoporosis (-) Fracture (-) patients (Figure 2B).

Table | Basic Patient Information and Characteristics

Characteristics Osteoporosis (-) Osteoporosis (+) Osteoporosis (+) P value
Fracture (-) (N=132) | Fracture (-) (N=112) | Fracture (+) (N=62)
Age (years) 63.6 £59 65.3 £ 6.6 65.5 £ 6.9 0.616
Height (cm) 167.9 £ 6.5 167.7 £ 5.8 1672 £ 4.7 0.443
Weight (kg) 70.7 £ 8.2 69.0 £ 75 69.0 £ 10.6 0.626
BMI (kg/m2) 252 33 255+ 3.0 253 £ 3.1 0.654
LI1-L4 BMD (g/cm?2) 0.94 £ 0.19 0.79 £ 0.17 0.73 £ 0.11 P<0.01
Femoral neck BMD (g/cm?2) 0.76 £ 0.23 0.70 £ 0.16 0.66 + 0.14 P<0.01
Total hip BMD (g/cm2) 0.84 £ 0.21 0.79 £ 0.15 0.68 + 0.12 P<0.01
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Figure | The expression of candidate circRNAs in the peripheral blood of postmenopausal women with or without osteoporosis or fracture (*p-value < 0.05 vs
Osteoporosis (-) Fracture (-) group; **p-value < 0.0 vs Osteoporosis (+) Fracture (-) group). (A) Circulating expression of circ_0134944 was highest in postmenopausal
women from the c. (B) Circulating expression of circ_0076906 was evidently reduced in postmenopausal women from the Osteoporosis (+) Fracture (+) group. (C)
Circulating expression of circ_0057340 was similar among all patient groups. (D) Circulating expression of circ_0088422 was similar among all patient groups. (E)
Circulating expression of circ_0005692 was similar among all patient groups.
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Figure 2 The expression of miR-548i and miR-630 in the peripheral blood of postmenopausal women (*p-value < 0.05 vs Osteoporosis (-) Fracture (-) group; **p-value <
0.0 vs Osteoporosis (+) Fracture (-) group). (A) Circulating expression of miR-548i was significantly elevated in the the Osteoporosis (+) Fracture (+) group. (B) Circulating
expression of miR-630 was evidently reduced in the Osteoporosis (+) Fracture (+) group.

Osteoporosis and Fracture Were Closely Correlated with the Expression of
circ_0134944 and circ_0005692 in the Bone Tissue Samples of Postmenopausal
Women

Furthermore, because some of the subjects in the three groups underwent surgery, their bone tissue samples were
harvested to examine the expression of circ 0134944, circ_0057340, circ_0005692, circ_0076906, circ_ 0088422, miR-
548i and miR-630. Similar to the results from the peripheral blood samples, osteoporosis and fracture were positively
correlated with the expression of circ 0134944 (Figure 3A), but negatively correlated with the expression of
circ_0076906 (Figure 3B) in the bone tissue samples. Furthermore, there was no apparent correlation between osteo-
porosis and the expression of circ 0057340 (Figure 3C), circ 0088422 (Figure 3D), and circ0005692 (Figure 3E).
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Figure 3 Tthe expression of candidate circRNAs in the bone tissue of postmenopausal women (*p-value < 0.05 vs Osteoporosis (-) Fracture (-) group; **p-value < 0.0 vs
Osteoporosis (+) Fracture (-) group). (A) Tissue expression of circ_0134944 was significantly increased in the Osteoporosis (+) Fracture (+) group. (B) Tissue expression of
circ_0076906 was lowest the Osteoporosis (+) Fracture (+) group. (C) Tissue expression of circ_0057340 was similar among all patient groups. (D) Tissue expression of
circ_0088422 was similar among all patient groups. (E) Tissue expression of circ_0005692 was similar among all patient groups.

Osteoporosis and Fracture Altered the Expression of miR-58i, miR-630, TLR4, and

OGN in the Bone Tissue Samples of Postmenopausal Females

The expression of miR-548i was the highest in Osteoporosis (+) Fracture (+) patients (Figure 4A) while the expression of
miR-630 was the lowest in Osteoporosis (+) Fracture (+) patients (Figure 4B). Moreover, qPCR was carried out to
examine the expression of TLR4 and OGN in the bone tissue. The expression of TLR4 mRNA (Figure 4C) was
apparently enhanced in osteoporosis (+) fracture (+) patients along with remarkably suppressed expression of OGN
mRNA (Figure 4D) when compared with that in the bone tissue samples of the other two groups.

The Luciferase Activities of circ_0076906 and OGN Were Suppressed by miR-548i

While the Luciferase Activities of circ_0134944 and TLR4 Were Inhibited by miR-630
The results of binding site prediction indicated that miR-548i could bind to circ 0076906 and OGN, while circ 0134944
and TLR4 were the potential targets of miR-630. In order to further explore the regulatory relationship among miRNA,
circRNA and their target genes, luciferase vectors were established to test whether miR-548i suppressed the expression
of circ_0076906 and OGN, and whether miR-630 repressed the expression of circ 0134944 and TLR4. The luciferase
activities of wild-type circ 0076906 (Figure 5A) and OGN (Figure 5B) were remarkably inhibited by miR-548i in MG-
63 and U-2 OS cells, while no inhibition was observed for mutant circ_0076906 and OGN. Meanwhile, the luciferase
activities of wild-type circ_0134944 (Figure 5C) and TLR4 (Figure 5D) were remarkably inhibited by miR-548i in MG-
63 and U-2 OS cells.

Different Effects of circ_0076906 siRNA on the Expression of circ_0076906,
miR-548i, OGN, circ_0134944, miR-630 and TLR4 in MG-63 and U-2 OS Cells

In order to further explore the regulatory relationship of various target genes, circ 0076906 siRNA was transfected into
MG-63 and U-2 OS cells to evaluate its effects on the expression of miR-548i, circ_ 0134944, miR-630 and TLR4.
Significant suppression of circ_ 0076906 (Figure 6A) as well as OGN mRNA (Figure 6B) was observed in transfected
MG-63 and U-2 OS cells, whereas the expression of miR-548i (Figure 6C) was notably enhanced by circ 0076906
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Figure 4 The expression of miR-548i, miR-630, TLR4 mRNA and OGN mRNA in the bone tissue of postmenopausal women (*p-value < 0.05 vs Osteoporosis (-) Fracture
(-) group; **p-value < 0.0 vs Osteoporosis (+) Fracture (-) group). (A) Tissue expression of miR-548i was highest in the Osteoporosis (+) Fracture (+) group. (B) Tissue
expression of miR-630 was lowest in the Osteoporosis (+) Fracture (+) group. (C) Tissue expression of TLR4 mRNA was highest in the Osteoporosis (+) Fracture (+)
group. (D) Tissue expression of OGN mRNA was lowest in the Osteoporosis (+) Fracture (+) group.

siRNA. No remarkable difference was detected for the expression of miR-630 (Figure 6D), circ_ 0134944 (Figure 6E),
and TLR4 mRNA (Figure 6F) in MG-63 and U-2 OS cells.

Different Effects of pGL3-circ_0134944 on the Expression of circ_0076906, miR-548i,
OGN, circ_0134944, miR-630 and TLR4 in MG-63 and U-2 OS Cells

Furthermore, we transfected pGL3-circ_0134944 into MG-63 and U-2 OS cells to examine its effects on the expression
of miR-548i, circ 0134944, miR-630 and TLR4. No apparent difference was observed for the expression of
circ_0076906 (Figure 7A), miR-548i (Figure 7B), and OGN mRNA (Figure 7C) in MG-63 and U-2 OS cells transfected
with pGL3-circ_0134944 when compared with that in the control. PGL3-circ_0134944 remarkably elevated the expres-
sion of circ 0134944 (Figure 7D) and TLR4 mRNA (Figure 7F) but suppressed the expression of miR-630 (Figure 7E)
in MG-63 and U-2 OS cells.

Discussion

In this study, we collected peripheral blood and bone tissue samples from postmenopausal females, and performed gPCR
to measure the expression of candidate circRNAs and miRNAs. Osteoporosis and fracture were positively correlated with
the expression of circ_0134944 and miR-548i, but negatively correlated with the expression of circ_0076906 and miR-
630. In addition, we performed qPCR to evaluate the mRNA expression of TLR4 and OGN in bone tissues to explore the
effect of osteoporosis and fracture. Osteoporosis and fracture were positively correlated with the expression of TLR4 but
negatively correlated with the expression of OGN. Previous sequencing of circRNAs revealed the presence of 387
differentially expressed circRNAs in patients with osteoporosis, especially circ 0134944, circ_0016624, circ_0062466,
circ_0057340, circ_0114125, circ_ 0116994, circ_ 0014777, circ_0005692, circ_ 0103518, circ_ 0115030, circ_ 0135422,
circ_0094768, circ_0068239, circ_0076906, circ_0088422, circ_ 0133066, circ_0100388, circ_0091574, circ_0108438 as
well as circ_0128044. As an example, in several previous studies, numerous circRNAs including circ_ 0001275 were
determined as a biomarker for the diagnosis of postmenopausal osteoporosis.”'** And to define the actual circiRNAs
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Figure 5 The luciferase activities of wild-type circ_0076906 and OGN were inhibited by miR-548i while the luciferase activities of wild-type circ_0134944 and TLR4 were
suppressed by miR-630 (*p-value < 0.05 vs NC). (A) Sequence analysis and luciferase assays indicated that miR-548i suppressed the expression of circ_0076906 in MG-63
and U-2 OS cells. (B) Sequence analysis and luciferase assays indicated that miR-548i suppressed the expression of OGN in MG-63 and U-2 OS cells. (C) Sequence analysis
and luciferase assays indicated that miR-630 suppressed the expression of circ_0134944 in MG-63 and U-2 OS cells. (D) Sequence analysis and luciferase assays indicated
that miR-630 suppressed the expression of TLR4 in MG-63 and U-2 OS cells.

which most possibly participate in the process of osteoporosis, we observed the expressions of several circRNAs selected
based on previous literatures including circ_ 0076906, circ 0134944, circ 0057340, circ 0088422 and circ_0005692.
Accordingly, we found that only circ 0134944 and circ_0076906 were dysregulated in osteoporosis and osteoporosis
fracture. Furthermore, we carried out luciferase assays to explore the regulatory network containing circ_0076906/miR-
548i/OGN and circ 0134944/miR-630/TLR4. The luciferase activities of wild-type circ 0076906 and OGN were
inhibited by miR-548i but the luciferase activities of wild-type circ 0134944 and TLR4 were suppressed by miR-630.
OGN has been proved to be function as a key factor in the regulation of MSC differentiation, by being an effective
therapeutic target of osteoporosis.”’ Subsequently, OGN was suggested to be associated with the osteogenesis process of
senile osteoporosis by regulating the expression of genes specific to osteogenesis, including RUNX2, ALP, and Wnt5b.
In previous studies, reduced expression of OGN was noticed in several types of cancers such as stomach cancer,
colorectal cancer, breast cancer, as well as laryngeal cancer.”®** Another research revealed that circ_0076906 competed
with OGN to bind to miR-1305 in regulating the osteogenic differentiation of hMSCs. After the expression of miR-1305
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Figure 6 Inhibition of circ_0076906 expression in MG-63 and U-2 OS cells activated the expression of miR-548i but inhibited the expression of OGN (*p-value < 0.05 vs
NC siRNA). (A) Remarkable suppression of circ_0076906 expression by circ_0076906 siRNA in MG-63 and U-2 OS cells. (B) Notable inhibition of OGN mRNA
expression by circ_0076906 siRNA in MG-63 and U-2 OS cells. (C) Significant activation of miR-548i expression by circ_0076906 siRNA in MG-63 and U-2 OS cells. (D)
The expression of miR-630 was not affected by circ_0076906 siRNA in MG-63 and U-2 OS cells. (E) The expression of circ_0134944 was not affected by circ_0076906
siRNA in MG-63 and U-2 OS cells. (F) The expression of TLR4 mRNA was not affected by circ_0076906 siRNA in MG-63 and U-2 OS cells.

or circ_0076906 was separately silenced with siRNAs, it was discovered that the expression of OGN down-regulated by
circ_ 0076906 was recovered. Furthermore, the ALP activity as well as the mineralized matrix in bone tissues was
recovered after the transfection of si-miR-1305, suggesting that circ 0076906 may partly control osteogenic differentia-
tion through the miR-1305/0OGN pathway. It was shown that OGN exerts an important effect on the pathogenesis of
senile osteoporosis through regulating the expression levels of osteogenic as well as adipogenic genes, thus providing
a target for treating senile osteoporosis.”’’ OGN could participate in bone tissue formation via differentiated
osteoblasts.”’>® OGN expression might be induced by Cbfal, a crucial gene in osteoblastogenesis.>' The activity of
PPARYy helps to inhibit the maturation of osteoblasts while inducing SMMSC and MMSC differentiation into
adipocytes.®? In this study, we found that in osteoporosis (+) fracture (+) patients, the level of OGN mRNA was
evidently decreased, and miR-548i serves as a binding target of OGN mRNA. The dysregulation of circ_0076906 was
observed along with the dysregulation of OGN mRNA, verifying the regulatory relationship between circ_0076906,
miR-548i and OGN.
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Figure 7 Overexpression of circ_0134944 expression in MG-63 and U-2 OS cells suppressed the expression of miR-630 and enhanced the expression of TLR4 (*p-value <
0.05 vs pGL3). (A) The expression of circ_0076906 was not affected by pGL3-circ_0134944 transfection in MG-63 and U-2 OS cells. (B) The expression of miR-548i was
not affected by pGL3-circ_0134944 transfection in MG-63 and U-2 OS cells. (C) The expression of OGN mRNA was not affected by pGL3-circ_0134944 transfection in
MG-63 and U-2 OS cells. (D) PGL3-circ_0134944 significantly enhanced the expression of circ_0134944 in MG-63 and U-2 OS cells. (E) PGL3-circ_0134944 significantly
inhibited the expression of miR-630 in MG-63 and U-2 OS cells. (F) PGL3-circ_0134944 significantly enhanced the expression of TLR4 mRNA in MG-63 and U-2 OS cells.

TLR4 is primarily expressed in myeloid cells such as macrophages, monocytes, granulocytes, chondrocytes, syno-
viocytes, osteoblasts as well as splenocytes.*>** TLR has also been implicated in the pathogenesis of musculoskeletal
diseases.***> TLR4 expression is high in bone marrow, immune cells, adipocytes as well as osteoblasts. >’
Specifically, TLR4 expression was increased in MSCs undergoing osteoblastic differentiation.”® A past research proposed
that the polymorphism of C1196T in TLR4 is unrelated to BMD or the incidence of osteoporotic bone fracture in
postmenopausal women, although the C1196T polymorphism might be linked to a lower height.>? Surprisingly, it was
discovered that methionine downregulated the expression of TLR4 induced by ovariectomy in osteoclast precursors. As
a receptor of pathogen recognition that is closely related to insulin resistance, inflammation as well as weight gain, TLR4
also plays a key role in osteoclastogenesis.23’39 In this study, we suppressed the expression of circ_0076906 using siRNA
while overexpressing circ_0134944 in MG-63 and U-2 OS cells to examine its effect on the expression of target miRNAs
and relevant genes. The suppression of circ 0076906 up-regulated the expression of miR-548i and suppressed the
expression of OGN, while the overexpression of circ 0134944 inhibited the expression of miR-630 and activated the
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expression of TLR4. In this study, we found that in osteoporosis (+) fracture (+) patients, the level of TLR4 mRNA was
apparently enhanced, and miR-630 serves as a binding target of TLR4 mRNA. Moreover, the dysregulation of
circ_0134944 was observed along with the dysregulation of TLR4 mRNA, verifying the regulatory relationship between
circ_0134944, miR-639 and TLR4.

Conclusion

In this study, we established two pathways, circRNA-0076906/miR-5481/OGN and circRNA-0134944/miR-630/TLR4 to
reveal the mechanism of participation of circRNA-0076906 and circRNA-0134944 in the pathogenesis of osteoporosis
fracture. Accordingly, we found that the dysregulation of circRNA-0076906 and circRNA-0134944 could affect the
expression of OGN and TLR4, thus contributing to the progress of osteoporosis. Therefore, it can be concluded that
circRNA-0076906 and circRNA-0134944 are associated with risk of osteoporotic fracture in postmenopausal females
from the Chinese Han population.
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