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ABSTRACT

Objective: This study aimed to explore the miR-1247-mediated promotion of osteosarcoma (OS) cell proliferation
by SOX9. Methods: We recruited 97 OS patients admitted to our hospital (the observation group, OG) and
82 healthy people undergoing physical examinations (the control group, CG) over the same period into this study.
The expression of miR-1247 and SOX9 in human OS cells in vitro was tested to determine the effect of miR-
1247 and SOX9 on OS and to analyze the relationship between miR-1247 and SOX9. Results: We detected lowly
expressed miR-1247 and highly expressed SOX9 in the peripheral blood of OS patients (P < 0.05). Both miR-
1247 and SOX9 showed good performances in diagnosing OS. OS cells (143B cells) in the miR-1247-mimics
group showed markedly lower cell proliferation and invasion rates and higher apoptosis rates than cells in the
miR-1247-inhibitor group and the miR-NC group (P < 0.05). 143B cells in the sh-SOX9 group showed higher pro-
liferation and invasion rates and lower apoptosis rates than cells in the si-SOX9 group and the NC group (P < 0.05).
SOX9 protein concentrations were lower in cells in the miR-1247-mimics group than in cells in the miR-1247-inhi-
bitor group and the miR-NC group (P < 0.05), with higher SOX9 protein concentrations in the miR-1247-inhibitor
group than in the miR-NC group (P < 0.05). Conclusion: MiR-1247 is lowly expressed in OS. It can promote the
proliferation and invasion of OS cells and accelerate the progression of OS by mediating SOX9.
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1 Introduction

Osteosarcoma (OS) is a primary cancerous tumor in the bone, affecting 3.4 cases per million individuals
worldwide every year [1]. OS is featured with a low five-year survival rate, a higher metastasis rate, a high
degree of malignancy, and a poor prognosis [2]. Common in adolescents, OS often occurs in the distal femur,
proximal tibia, and distal tibia [3]. A previous study suggests that the histological grading of OS is related to
malignant mesenchymal cells [4]. OS mainly manifests as persistent local pain with a stepwise increase in the
pain intensity, which seriously affects the normal life of patients [5]. Early OS is usually treated by surgical
resection in the form of amputation, autograft, or allograft, aiming to remove tumors through complete
resection [6]. Improvements in medical standards in recent years have provided various treatment
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regimens for OS, including surgery, neoadjuvant therapy, and adjuvant chemotherapy [7]. However, the
prognosis of OS is not very favorable, due to the high recurrence rate and metastasis rate [8]. Currently,
gene-targeted therapy is promising in clinical cancer treatment [9].

MicroRNAs (miRNAs) are small endogenous RNAs consisting of 21–24 nucleotides [10]. They have
many functions in tumor progression, metabolism, and endocrine [11]. With multiple targets, miRNAs
can regulate a variety of oncogenes or tumor suppressor genes [12]. As a member of the miRNA family,
miR-1247 is highly related to the differentiation and phenotype of human articular chondrocytes [13]. A
previous study has identified the tumor-suppressing role of miR-1247 in pancreatic cancer [14]. Another
study indicates that matrix-induced down-regulation of miR-1247 stimulates the progression of prostate
cancer [15]. But the specific mechanism of action underlying miR-1247 remains unclear. SOX9 is an
important transcription factor of the SOX family, which is involved in DNA binding, transcriptional
regulation, protein interaction, etc. [16]. It has been revealed that SOX9 plays key roles in many tumors.
The study by Dreval [17] suggests that miR-1247 can regulate SOX9 in patients with acute kidney injury.
Therefore, we speculate that miR-1247 could affect OS progression by regulating SOX9. Here, we
investigated the roles of miR-1247 and SOX9 in OS, seeking to enlighten new ideas and direction for
future diagnosis and treatment of OS.

1.1 Basic Information of Participants
A prospective analysis was performed on 97 OS patients treated in our hospital from April 2017 to April

2019 and 82 healthy people undergoing health examinations over the same period. We assigned patients with
OS to the observation group (OG) and healthy people to the control group (CG). This study has obtained the
ethical approval from the ethics committee of our hospital. All participants signed the written informed consent.

1.2 Exclusion and Inclusion Criteria
Inclusion criteria: Patients with previously untreated OS diagnosed by the results of laboratory test,

imaging tests, and histopathologic examinations in our hospital; patients with complete medical data;
healthy people with normal physical examination results; healthy people with no previous history of
major diseases; participants who agreed to cooperate with this study.

Exclusion criteria: Patients undergoing tumor treatment prior to this study; patients with immune
diseases, major organ dysfunction, low treatment compliance, or drug allergies; patients who were
transferred to another hospital. The comparison between the two groups in basic data such as age, sec,
and BMI showed no statistical differences (P > 0.05). We drew 4 ml of fasting venous blood from each
participant and kept the sample still at room temperature for 30 min before centrifugation at 400×g for
10 min. The upper serum was collected for detection.

1.3 Cell Information
Human OS cells (143B cells) and human normal osteoblasts (hFOB1.19 cells) were offered by BeNa

Culture Collection, an agent company of ATCC. We cultured cells in the DMEM medium supplemented
by 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin mixture and incubated at 37°C with 5%
CO2. Cells (80% confluent) were digested with trypsin for about 1 min and then cultured in new media in
a split ratio of 1:3 (1 passage every 2 days).

2 Detection Methods

2.1 PCR Detection
Total RNA was isolated from the blood, followed by reverse transcription and PCR amplification.

PCR conditions: 94°C for 30 s, 94°C for 5 s, 60°C for 15 s, and 72°C for 10 s. The results were analyzed
using 2–DDct. Primer sequence as shown in Tab. 1.
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2.2 Cell Transfection
143B cells were transfected with miR-1247-inhibitor, miR-1247-mimics, miR-NC, si-SOX9, sh-SOX9,

and NC, respectively, following the instructions of the LipofectamineTM 2000 kit.

2.3 MTT Assay
Twenty μL of MTTsolvent (5 g/L) was added to each well of the transwell plate and the supernatant was

discarded 4 h later. Then we put 150 μL of dimethyl sulfoxide (DMSO) to each well and shook the plate to
dissolve the crystals. Finally, the absorbance (A) value of each well was measured at 490 nm.

2.4 Transwell Assay
Transfected cells were seeded onto the 6-well plate (106 cells/well) and then cultured in the serum-free

medium when reaching 75% confluency for a whole night. The density of the cell suspension was adjusted
to 105 cells/mL. We added 10 μL of the cell suspension to the apical chamber and 600 μL of serum-
containing medium to the basolateral chamber and cultured the transwell system overnight. We took
out the transwell insert and detached cells remaining in the apical chamber. After PBS washing, cells in
the basolateral chamber were mixed with methanol for 30 min for fixation and mixed with 0.1% crystal
violet for 20 min for staining, followed by PBS washing. The number of invading cells was checked
under a microscope.

2.5 Flow Cytometry
After being mixed with 0.25% trypsin for digestion, transfected cells were washed twice with PBS.

Next, 100 μL of binding buffer was added to make the cell suspension at a density of 1 × 106 cells/mL.
Then, we added Annexin V-FITC and PI to the suspension and incubated at room temperature with no
exposure to light. Finally, cell apoptosis was tested on the FC500MCL flow cytometer. The test was
performed 3 times to determine the mean value.

2.6 Western Blot Analysis
We isolated protein lysate from cells with the protein extraction buffer, followed by incubation on ice for

30 min and centrifugation at 12000×g at 4°C for 10 min. After electrophoresis separation by 10% SDS-
PAGE, proteins were transferred to the PVDF membrane, followed by staining and PBST washing for
5 min. Then we blocked the membrane with 5% skimmed milk for 1 h and incubated with the specific
primary antibody (1:1000) at 4°C for a whole night. The membrane was washed to remove the primary
antibody. Then we incubated the membrane with the horseradish peroxidase-labeled goat anti-rabbit
secondary antibody (1:5000) at 37°C for 1 h, followed by 3 PBS washing, 5 min each time. The
membrane was dried with filter paper and mixed with the ECL reagent for color development in the dark.
The protein bands were scanned and analyzed the gray values on the Quantity One software.

Table 1: Primer sequences

F (5’-3’) R (5’-3’)

miR-1247 GTTGTTTTTTATTTTGGGAATGTTGA AAAAATACACACTTAACACATCCAAA-CACC

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

SOX9 AGAGCGAGGAGGACAAGTTC CGCTCTCGTTCAGAAGTCTC

β-actin CACGAAACTCCTTCAACTCC CATACTCCTGCTTGCTGATC
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2.7 Statistical Analysis
Data was statistically analyzed on SPSS24.0 (IBM, Armonk, NY, USA). Data visualization was

performed using Graphpad 8 software (La Jolla, CA, USA). The count data was denoted by the
percentage (%) and compared between any two groups by the chi-square test. The measurement data was
represented by the mean ± standard deviation and compared between any two groups by the t-test. The
comparison between multiple groups was analyzed by the one-way ANOVA and the LSD post hoc test.
The comparison between multiple time points was analyzed by the repeated measurement ANOVA and
the Bonferroni post hoc test. The diagnostic value of genes was analyzed on the receiver operating
characteristic (ROC) curve. P < 0.05 indicates a statistically significant difference.

3 Results

3.1 Clinical Significance of miR-1247 in OS
We detected low miR-1247 expression in the peripheral blood of OS patients (P < 0.05). The ROC curve

demonstrated that the sensitivity of miR-1247 at the cut-off value of 1.075 for diagnosing OS was 85.57%
and the specificity was 76.83%, as shown in Tab. 2 and Fig. 1.

Table 2: Diagnostic performance of miR-1247 for OS

miR-1247

AUC 0.826

Std.Error 0.034

95% CI 0.758 ± 0.893

Cut-off <1.075

Sensitivity (%) 85.57

Specificity (%) 76.83

Youden index (%) 62.40

P <0.001

Figure 1: Clinical significance of miR-1247 in OS. (A) Expression of miR-1247 in OG and CG. *P < 0.05.
(B) ROC curve demonstrating the performance of miR-1247 in diagnosing OS
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3.2 Clinical Significance of SOX9 in OS
PCR results revealed high SOX9 mRNA expression in the peripheral blood of OS patients (P < 0.05).

The ROC curve demonstrated that the sensitivity of SOX9 at the cut-off value of 1.465 for diagnosing OS
was 58.76% and the specificity was 96.34%, as shown in Tab. 3 and Fig. 2.

3.3 Effect of miR-1247 on OS
We detected markedly lower expression of miR-1247 in 143B cells than in hFOB1.19 cells (P < 0.05).

The miR-1247-mimics group showed markedly lower cell proliferation and invasion rates and higher
apoptosis rates than the miR-1247-inhibitor group and the miR-NC group (P < 0.05), with the miR-1247-
inhibitor group showing the highest cell proliferation and invasion rates and the lowest apoptosis rates
(P < 0.05), as shown in Fig. 3.

3.4 Effect of SOX9 on OS
We detected markedly higher expression of SOX9 in 143B cells than in hFOB1.19 cells (P < 0.05). The

sh-SOX9 group showed higher cell proliferation and invasion rates and lower apoptosis rates than the

Table 3: Diagnostic performance of SOX9 for OS

SOX9

AUC 0.826

Std.Error 0.030

95% CI 0.767 ± 0.885

Cut-off >1.465

Sensitivity (%) 58.76

Specificity (%) 96.34

Youden index (%) 55.10

P <0.001

Figure 2: Clinical significance of SOX9 in OS. (A) Expression of SOX9 in OG and CG. *P < 0.05. (B) ROC
curve demonstrating the performance of SOX9 in diagnosing OS
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si-SOX9 group and the NC group (P < 0.05), with the si-SOX9 group showing the lowest cell proliferation
and invasion rates and the highest apoptosis rates (P < 0.05), as shown in Fig. 4.

Figure 3: Effect of miR-1247 on OS. (A) MiR-1247 expression in 143B and hFOB1.19 cells. (B)
Proliferation of 143B cells. (C) Invasion of 143B cells. (D) Apoptosis of 143B cells. *P < 0.05
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3.5 Relationship between miR-1247 and SOX9
SOX9 protein concentrations in 143B cells were the lowest in the miR-1247-mimics group, followed by

the miR-NC group and the miR-1247-inhibitor group, and the differences between any two groups were
statistically significant (all P < 0.05), as shown in Fig. 5.

4 Discussion

Following the growing OS incidence year by year, the negative impacts of OS on patients are
increasingly serious [18]. OS tends to affect adolescents or children [19]. The understanding of the
pathological mechanism of OS in the clinic is effective for preventing the occurrence of OS. The
molecular research on tumors is an existing hot topic in the clinic. Studies at home and abroad have

Figure 4: Effect of SOX9 on OS. (A) SOX9 expression in 143B and hFOB1.19 cells. (B) Proliferation of
143B cells. (C) Invasion of 143B cells. (D) Apoptosis of 143B cells. *P < 0.05
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revealed the involvement of miRNAs in tumors [20]. But the specific function of miR-1247 in OS needs to be
further explored. Here we analyzed the effect of miR-1247 on OS cells, aiming to provide a reliable
theoretical experimental basis for the OS diagnosis and treatment, which may become a breakthrough in
OS researches.

To confirm the role of miR-1247 in OS, we tested the expression profiles of miR-1247 in OS patients and
healthy participants. We detected lowly expressed miR-1247 in the peripheral blood of OS patients, which
suggests that miR-1247 is linked to the development and progression of OS. A former study has revealed that
miR-1247 expression is lowered in liver cancer [21], suggesting that miR-1247 expression is consistent in
tumors and supports our results. We plotted the ROC curve to demonstrate the diagnostic performance of
miR-1247 for OS. When the cut-off value hit 1.075, the sensitivity of miR-1247 for diagnosing OS was
85.57% and the specificity was 76.83%, indicating that miR-1247 is a promising diagnostic marker for
OS. A past study has confirmed that miR-1247 is abnormally expressed in breast cancer [22]. We
speculate that the confidence interval of miR-1247 in diagnosing various tumors can be calculated based
on the big data analysis of clinical cases. MiR-1247 can also make up for the poor efficiency of
traditional tumor markers in identifying tumor types [23]. Subsequently, we also detected highly
expressed SOX9 in OS patients, which can initially suggest that SOX9 is related to the occurrence of OS.
SOX9 can affect the cartilage osteogenesis to some extent [24]. OS occurrence is closely related to
osteogenesis and bone destruction [25]. Such findings support our results from the side. The ROC curve
of SOX9 revealed similar diagnostic performance to miR-1247 for OS. So, we speculate that the joint
detection of miR-1247, SOX9, and conventional tumor markers in the future can remarkably enhance the
early diagnosis rate of OS and improve the prognosis of patients.

The specific mechanism of miR-1247 and SOX9 in OS has not been figured out yet, so here we
interfered with miR-1247 and SOX9 expression in OS cells to analyze the effects of the two genes on OS
cells. In this study, 143B cells transfected with miR-1247-mimics/si-SOX9 showed markedly lower
proliferation and invasion rates and markedly higher apoptosis rates than 143B cells transfected with
miR-1247-inhibitor/sh-SOX9. Such results suggest that the up-regulation of miR-137 or down-regulation
of SOX9 can effectively suppress OS progression, so they are promising therapeutic targets for OS in the
future. The most effective treatment existing for OS is radical surgery, which is accompanied by a high

Figure 5: SOX9 protein concentrations in 143B cells after transfection with miR-1247-mimics, miR-1247-
inhibitor, and miR-NC. *P < 0.05
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probability of amputation [26], posing negative impacts on the growth of most OS patients (teens or
children). Targeted therapy can achieve effective responses in cancer treatment without damaging the
integrity of limbs, which is a great breakthrough for future clinical treatment of OS. This study merely
revealed the potential of miR-1247 and SOX9 to work as therapeutic targets for OS, but did not illustrate
the specific mechanism of action of miR-1247 and SOX9 in OS. As we mentioned above, we speculate
that miR-1247 may regulate SOX9 to affect OS. Here we discovered that SOX9 expression was reduced
in 143B cells transfected with miR-1247-mimics and enhanced in 143B cells transfected with miR-1247-
inhibitor. Such results support our speculation that lowly expressed miR-1247 in OS promotes
SOX9 expression to facilitate OS development and progression.

This study carried out a rudimentary analysis of the role of miR-1247 in OS and confirmed that miR-
1247 regulates OS development by mediating SOX9. But there are still many deficiencies. For example,
as mentioned above, the clinical value of miR-1247 and SOX9 needs to be verified by big data analysis
of clinical cases and the ability of the two genes to function as therapeutic targets for OS needs to be
tested by more in-depth experiments. We did not follow up on the prognosis of OS patients in this study,
so we cannot illustrate the influence of miR-1247 and SOX9 on the prognosis of OS. Besides, we did not
conduct nude mice tumorigenesis experiments, so we cannot explore the actual effects of miR-1247 and
SOX9 on the tumorigenesis of OS. We will address such problems in future researches.

In summary, miR-1247 is lowly expressed in OS. It can promote OS cell proliferation and invasion and
accelerate OS progression by mediating SOX9.
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