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Background: Studies have shown that microRNA (miRNA) regulates gene expression of 
osteoporosis (OS). It is known that miR-197-3p is abnormally expressed in osteoporosis. 
This study is to investigate the mechanism of miR-197-3p in regulating osteoblast 
differentiation.
Methods: Rats were ovariectomized to establish an animal model of postmenopausal 
osteoporosis. The expression of miR-197-3p and KLF10 was detected in ovariectomized 
rat models. Primary osteoblasts and MC3T-E1 cells were divided into the control group, 
miR-197-3p inhibitor group, NC inhibitor group and miR-197-3p inhibitor + si-KLF10 
group. The expression of miR-197-3p and Kruppel-like factor 10 (KLF10) was detected by 
qRT-PCR and Western blot. The relationship between miR-197-3p and KLF10 was analyzed 
by bioinformatics and luciferase reporter assay. Cell viability was evaluated by MTT assay. 
The ALP activity measurement and mineralization analysis were performed.
Results: The expression of miR-197-3p was significantly raised in ovariectomized osteo-
porosis rats. During the differentiation of osteoblasts, the expression of miR-197-3p was 
significantly decreased, while the expression of KLF10 was significantly raised in primary 
osteoblasts and MC3E3T1 cells. The expression of RUNX2, ALP, OCN and OSX in miR- 
197-3p inhibitor group and MC3T3-E1 group was significantly raised, and the cell survival 
rate and mineralized nodule were raised as well. KLF10 may be the downstream target gene 
of miR-197-3p. After co-transfection of miR-197-3p inhibitor and si-klf10, ALP, Runx2, 
OCN and OSX mRNA, cell survival rate and mineralized nodule were significantly 
decreased in primary osteoblasts and MC3T3-E1 cells.
Conclusion: MiR-197-3p Inhibition promoted osteoblast differentiation and reduced OS by 
up-regulating KLF10.
Keywords: osteoporosis, miR-197-3p, KLF10, osteogenic differentiation, MC3T3-E1 cells

Background
Osteoporosis is a public health problem with about 200 million patients 
worldwide.1 Among women over 60 in China, the prevalence of osteoporosis is 
as high as 40% −50%, of which about 30% −50% experience osteoporosis-related 
fractures.2 It seriously affects the physical health and life quality, and even lead to 
shortened life span.3 And osteoporosis and its related fractures seriously increase 
the financial and human burden of the country and family.4 Although there are 
many kinds of medicines for treating osteoporosis, but most of the medicines for 
osteoporosis still have many shortcomings such as poor safety, large side effects, 
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and failure to effectively reduce the risk of fractures.5 

Exploring its exact pathogenesis has important clinical 
value for the prevention and treatment of osteoporosis.

Although there are many factors that affect osteoporosis, 
most of them are caused by the effects of osteoblasts and 
osteoclasts.6 The regulation of differentiation of osteoblasts 
and the balance between osteoblasts and osteoclasts are the 
keys of normal bone metabolism.7 Out of control of these 
processes will lead to bone deformity and bone-related 
diseases. Osteoblasts are mainly produced in the body 
from mesenchymal stem cells (BMSCs) in the bone 
marrow.8 However, the molecular mechanism of weakened 
osteogenesis of BMSCs in patients with osteoporosis is not 
completely clear. Finding effective methods to restore the 
osteogenic ability of BMSCs may be the key to the treat-
ment. After ovariectomy, the estrogen level in rats gradually 
decreases, accompanied by changes such as gradual loss of 
bone mass and destruction of bone tissue structure, which 
leads to postmenopausal osteoporosis. Therefore, we estab-
lished an animal model of postmenopausal osteoporosis by 
ovariectomy.9

MicroRNAs (miRNAs) have regulatory functions on the 
expression of protein molecules. MiRNAs are widely present 
in the cells of animal and plant eukaryotes and are involved 
in regulating biological growth.10 Scholars believe that 
miRNAs play a critical role in the metabolic activities of 
bone tissue cells in organisms.11 MiRNAs maintain the 
metabolic balance of bone by regulating the phenotypic 
differentiation of mesenchymal stem cells, and ultimately 
affect the metabolic homeostasis and bone formation.12 

MiRNAs are expected to provide new directions for the 
treatment of metabolic bone disease and bone defect disease. 
In addition, miRNAs play a critical role in the osteogenic 
differentiation of mesenchymal precursor cells. However, 
there is a wide range of miRNAs which need further explora-
tion and research.9 As an important member of miRNAs 
family, miR-197-3p is overexpressed in many kinds of 
tumors, including lung cancer, bladder cancer, liver cancer 
and pancreatic cancer.13,14 Its overexpression is thought to 
play a role in the occurrence and development of tumors, at 
the same time, miR-197-3p was down-regulated in the pro-
cess of osteogenic differentiation and up-regulated in the 
process of osteoporosis. KLF10 could promote osteogenic 
differentiation, while miR-197-3p interacted with KLF10 but 
the role of miR-197-3p in osteogenic differentiation of osteo-
porosis has not been reported.

Most studies found that miRNAs negatively regulate tar-
get genes at the post-transcriptional level, thereby regulating 

cell proliferation, differentiation and apoptosis.15 KLF10 is 
a protein encoded by the KLF10 gene.16 KLF10 is expressed 
in cells which participate in cell proliferation, differentiation, 
and apoptosis.17 Multiple studies have shown that KLF10 is 
the key of osteoblast differentiation, bone formation and 
mineralization.18 Based on the above research, it was pro-
posed that miR-197-3p may influence osteoporosis pathogen-
esis through regulating KLF10 expression. The aim of the 
study is to explore the role and mechanism of miR-197-3p in 
osteogenic differentiation, and to verify the role of KLF10 in 
osteogenic differentiation regulated by miR-197-3p.

Methods
Ethics Statement
The study was approved by the Jiangxi Provincial People’s 
hospital’s Experimental Animal Ethics Committee. All the 
animals in this study received the standard care of 
National Institutes of Health’s Guide to the Care and Use 
of Laboratory Animals (NIH Publication No. 85).

Establishment of Ovariectomized Rat 
Model of Osteoporosis
Eighteen female Sprague-Dawley rats (weight 280–300 
g) were obtained from Shanghai Slark Experimental 
Animal Co., Ltd. They were randomly divided into the 
OVX group and the sham group (Sham), and 9 rats in 
each group. The osteoporosis model of ovariectomized 
rats was made according to the methods in the literature 
except the sham operation group. The animals were 
anesthetized of sodium pentobarbital (30mg/kg), and 
the abdominal cavity was opened. The bilateral ovaries 
were removed and sutured layer by layer. 20,000 U of 
penicillin was injected intramuscularly for 3 consecutive 
days. 5 days after ovariectomy, the rats were examined 
by vaginal smear, and the rats with incomplete ovariect-
omy were removed. The abdominal cavity was opened 
and sutured in rats of the sham operation group. Each 
group was given corresponding drug intervention, in 
which the sham operation group and the control group 
were given equal volumes of distilled water once a day 
for 90 d. After one week, rats were sacrificed after 
intraperitoneal anesthesia with ketamine and xylazine.

BMD Measurement and Bone 
Histomorphometric Analysis
The separated femurs were measured for BMD using the 
American LUNARDPX-L 6843 dual-energy X-ray bone 
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densitometer, each was measured twice, and the average 
value was taken. The BMD results were expressed in g/ 
cm.2 The femur was scanned by Skyscan (Brooke micro 
CT, Kentucky, Belgium) and analyzed by Skyscan software. 
The measurement was performed with 40 kV and 250 μA.

Dual-Luciferase Reporter Gene Assay
The wild-type (WT) luciferase reporter plasmid KLF10-WT 
and the mutant KLF10-MT plasmid containing the KLF10 
3ʹUTR region were constructed. The miR-197-3p mimic or 
miRNA mimic was then transfected into the cells by 
Lipofectamine 2000 (Invitrogen). The luciferase activity 
was measured by the dual luciferase assay system (Promega).

Culture, Differentiation and Transfection 
of Osteoblasts
The primary skull osteoblasts were isolated. Firstly, primary 
osteoblasts/pre-osteoblasts MC3T3-E1 cells (obtained by 
ATCC) were cultured in α-MEM medium with 10% FBS. 
The cells were cultured in an incubator for 24 h. And the 
transfected cells were cultured in osteoblast medium (OM) 
containing 10% FBS, 50 μ g/mL ascorbic acid and 5 mm β - 
glycerophosphate for 7 days. After the induction of osteo-
genesis, the cells were divided into the control group, 
miR-197-3p inhibitor group, NC inhibitor group and miR- 
197-3p inhibitor + si-KLF10 group. MiR-197-3p mimics, 
inhibitors and control oligonucleotides were all obtained 
from RiboBio (China), and siRNA was synthesized by 
Jima Biotech (Shanghai, China). Lipofectamine TM 2000 
transfection reagent (Invitrogen, USA) was used to transfect 
oligonucleotides and plasmids for 48 h.

qRT-PCR
Total RNA samples from bone marrows and cultured MRC- 
5 cells were extracted using the Trizol reagent (#15596026; 
Thermo Fishier Scientific) according to the manufacturer’s 

instructions. The cDNA library synthesis and relative 
expression levels were performed using the TransScript® 

Green Two-Step qRT-PCR SuperMix (#AQ201-01; 
Transgen, Beijing, China) and the TransScript Green 
miRNA Two-Step qRT-PCR SuperMix (AQ202-01; 
Transgen, Beijing, China) following the manufacturer’s 
instructions. PCR assays were performed in duplicate on 
the 7500 real-time PCR machine (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The cycling conditions 
were as follows: Incubation for 2 min at 50°C followed by 
another incubation step at 95°C for 10 min, 15 sec at 95°C 
and 1 min at 60°C for 40 cycles. Reaction specificity was 
evaluated by melting curve analysis, which was performed 
by heating the plate from 55°C to 95°C and measuring 
SYBR Green I (Takara Biotechnology Co., Ltd.) dissocia-
tion from the amplicons. The expression of miR-197-3p and 
genes was calculated using the2−ΔΔCT method. The primers 
used for qRT-PCR analysis are listed in Table 1.

MTT Assay
The anti-proliferative and cytotoxic effects of the target com-
pound on osteoblasts were examined by MTT assay. 2×105 

osteoblast cells were seeded in a 96-well plate. The cells were 
then treated with ECH for 24 h. 10 μL MTT solution was 
added and incubated for 4 h. After that, 150 μL of DMSO 
was added to the well. The absorbance was measured at 570 
nm by an ELISA reader (bio Tek El 800, USA).

ALP Activity and Mineralization Analysis
After transfection 7 days of the osteoblasts with the plasmid, 
the ALP activity was detected by the ALP test kit 
(Applygen, Beijing, China). And the cells were lysed with 
cold lysis buffer. Then, the supernatant was incubated at 
4°C. The absorbance value was measured at 570nm 
by ELISA microplate reader (LAB-EYE 1800L, 
Chuangmeng, Shanghai). The mineralization ability of 

Table 1 Sequences of Primers Used in qRT-PCR

Gene Forward Primer (5ʹ-3ʹ) Reversed Primer (5ʹ-3ʹ)

miR-197-3p GCCGGGTTGTAAACGATCCTACGG GTGATTCCGTGTCGTTAGTGG

U6 GCTTCGGCAGCACATATACTAAAAT CGCTTCAGAATTTGCGTGTCAT

KLF10 ATTGCACCGGCGTTCGGACAC CTGGAAGTGCGTAGCCCAGATCGT
ALP TCAGGGCAATGAGGTCACAT CCTCTGGTGGCATCTCGTTA

RUNX2 GACTGTGGTTACCGTCATGGC ACTTGGTTTTTCATAACAGCGGA

OCN CCCTGAGTCTGACAAAGCCT GCGGTCTTCAAGCCATACTG
OSX CCTCTGCGGGACTCAACAAC TGCCTGGACCTGGTGAGATG

GAPDH AACGGATTTGGTCGTATTGGG TCGCTCCTGGAAGATGGTGAT
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osteoblasts was detected by Alizarin red staining (ARS) 
(Nanjing Jiancheng Biotechnology Research Institute). 
Osteoblasts were added 4% paraformaldehyde. Then, osteo-
blasts were left for 10 min and washed twice with PBS. 
200 μL Alizarin Red dye was added for 30 minutes. Finally, 
the cells were observed and pictures were taken under 
a microscope.

Western Blot
The supernatant was discarded after centrifugation, lysate 
was added. After 30 min, it was freezed at −20°C over-
night. The supernatant was centrifuged at 4°C. After pro-
tein quantification, PAGE-SDS gel was used 
for electrophoresis separation of protein samples for 
1.5 h. After transferred to PVDF blotting membrane for 
1.5 h, it was sealed in TPST containing 5% skimmed milk 
for 4 h. Then, it was incubated with anti-KLF10 (1:1000, 
Youliante, Shanghai, China) or anti-GAPDH antibody 
(1:1000, Youliante, Shanghai, China) overnight. After 
that, anti-rabbit secondary antibody (1:1000, Youliante, 
Shanghai, China) was added and incubated for 
1 h. Relative protein expression was expressed as the 
ratio of the gray value of the target band/GAPDH band.

Statistical Methods
The data were analyzed by SPSS19.0 statistical software. The 
results of data analysis were shown as mean ± standard devia-
tion (mean ±SD). Multigroup data analysis was completed by 
one-way ANOVA. LSD test was used for subsequent analysis. 
P < 0.05 indicated the difference was significant.

Result
Expression of miR-197-3p and KLF10 in 
Ovariectomized Rat Model of 
Osteoporosis
As shown in Figure 1A, compared with the Sham group, 
representative micro-CT images of the right femur, bone 
mineral density was significantly decreased in the OVA 
group. Compared with the Sham group, the expression of 
BMD, BV/TV and Tb.N in the OVA group was signifi-
cantly reduced, while the expression of BS/BV was sig-
nificantly increased (P <0.01), indicating that a rat model 
of osteoporosis with ovariectomy was successfully estab-
lished (Figure 1B-E). Then, the expression of miR-197-3p 
in the OVA group was found to be significantly increased 
(P <0.01), and the protein expression level of KLF10 was 
significantly decreased (P <0.01) (Figure 1F and G).

Figure 1 MiR-197-3p and KLF10 expression in ovariectomized osteoporosis rat models. (A) representative micro-CT images of the right femur. (B) Bone mineral density 
(BMD) of femoral tissue. (C) Micro-CT analysis of TV/TV in OVX and Sham groups. (D) Micro-CT analysis of BS/BV in OVX and Sham rats. (E) Micro-CT analysis of Tb.N in 
OVX and Sham groups. (F). MiR-197-3p expression in femoral tissue of OVX and Sham groups. (G) Protein expression of KLF10 in femoral tissue of OVX and Sham groups. 
N = 3. ** P <0.01.
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Expression of miR-197-3p and KLF10 in 
Osteogenic Differentiation
Next, the role of miR-197-3p in osteogenic differentiation 
was analyzed. As shown in Figure 2A and D, the expression 
of genes (OCN, RUNX2, ALP, and OSX) was significantly 
increased (P <0.01) in the primary osteoblasts and 
MC3E3T1 cells of OM group compared with the Control 
group. In addition, miR-197-3p expression was significantly 
reduced in primary osteoblasts and MC3E3T1 cells during 
osteoblast differentiation, indicating that miR-197-3p might 
be involved in osteogenesis induction (P <0.01) (Figure 2B 
and E). The expression of KLF10 in primary osteoblasts and 
MC3E3T1 cells was significantly increased (P<0.01), indi-
cating that KLF10 might be involved in osteogenesis induc-
tion (P <0.01, Figure 2C and F).

KLF10 Was the Target Gene of miR-197- 
3p
We predicted through online prediction tool microrna.org 
(http://www.microrna.org/microrna/home.do) and found 
KLF10 was identified as a potential target for miR-197-3p 
(Figure 3A). Compared with NC group, the expression of 

miR-197-3p in the miR-197-3p mimic group was signifi-
cantly increased (P<0.01), while the expression of miR-197- 
3p in the miR-197-3p inhibitor group was significantly 
reduced, indicating that transfection was successful (P<0.01) 
(Figure 3B). And miR-197-3p mimic and KLF10-WT co- 
transfected cells had significantly reduced luciferase activity 
(P<0.05), but not KLF10-MUT (Figure 3C). And the mRNA 
and protein expression of KLF10 in miR-503-3p mimic 
group was significantly reduced (P <0.01), while the mRNA 
and protein expression of KLF10 in the miR-503-3p inhibitor 
group was significantly increased (P <0.05, Figure 3D and E).

Expression of Osteogenesis-Related 
Genes in Each Group
Next, whether miR-197-3p played a role in osteogenic 
differentiation through KLF10 was analyzed, the mRNA 
expression of OCN, RUNX2, ALP and OSX in primary 
osteoblasts and MC3T3-E1 cells of miR-197-3p inhibitor 
group was significantly increased (P < 0.01) compared 
with the control group and NC inhibitor group. In addition, 
compared with miR-197-3p inhibitor group, the expression 
of OCN, RUNX2, ALP and OSX in primary osteoblasts 
and MC3T3-E1 cells after co-transfection of miR-197-3p 

Figure 2 MiR-197-3p and KLF10 expression levels in osteogenic differentiation. (A) Levels of osteogenesis-related genes in primary osteoblasts including ALP, RUNX2, 
OCN, and OSX after 7 d of OM treatment. (B) Expression of miR-197-3p in primary osteoblasts 7 d after OM treatment. (C) Expression of KLF10 in primary osteoblasts 7 
d after OM treatment. (D) Levels of osteogenesis-related genes in MC3T3-E1 cells include levels of OCN, RUNX2, ALP and OSX 7 d after OM treatment. (E) MiR-197-3p 
expression in MC3T3-E1 cells 7 d after OM treatment. (F) On the 7th day after OM treatment, the expression of KLF10 in MC3T3-E1 cells. N = 3. ** P <0.01.
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inhibitor with si-KLF10 were significantly reduced 
(P < 0.01) (Figure 4).

Comparison of Cell Viability and ALP 
Activity of Osteoblasts
As shown in Figure 5, the cell survival rate and ALP activity in 
the primary osteoblasts and MC3T3-E1 cells in the miR-197- 
3p inhibitor group were significantly improved compared with 
the control group and the NC inhibitor (P <0.01). Compared 
with the miR-197-3p inhibitor group, the cell viability and 
ALP activity in primary osteoblasts and MC3T3-E1 cells 
were significantly reduced after co-transfection of miR-197- 
3p inhibitor with si-KLF10 (P <0.01).

Comparison of Mineralized Nodules of 
Osteoblasts
As shown in Figure 6, the mineralized nodules in primary 
osteoblasts and MC3T3-E1 cells were significantly 

increased in the miR-197-3p inhibitor group compared 
with the control group and NC inhibitor group (P <0.01). 
In addition, compared with the miR-197-3p inhibitor 
group, the mineralized nodules were significantly reduced 
in primary osteoblasts and MC3T3-E1 cells co-transfected 
with miR-197-3p inhibitor and si-KLF10 (P <0.01). As 
shown in Supplementary Figure 1, compared with the 
control group and NC inhibitor group, there were calcified 
nodules and extensive deposition of red particles in the 
miR-197-3p inhibitor group. Compared with the miR-197- 
3p inhibitor group, calcified nodules were significantly 
decreased in primary osteoblasts and MC3T3-E1 cells co- 
transfected with miR-197-3p inhibitor and si-KLF10 
(P <0.01).

Discussion
Osteoporosis is a systemic skeletal disease characterized 
and risk of fractures.19 As the population ages, the global 
prevalence of osteoporotic fracture rate will increase.20 

Figure 3 KLF10 was the target gene of miR-197-3p. (A) KLF10 and miR-197-3p were predicted on the target gene prediction website. (B) The expression of miR-197-3p. 
(C) The targeting relationship between KLF10 and miR-197-3p was detected by dual luciferase reporter gene analysis. (D) The effect of miR-197-3p on KLF10 mRNA 
expression. (E) The effect of miR-197-3p on KLF10 protein expression. N = 3. ** P <0.01.
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Osteoporosis is a chronic disease that consumes a lot of 
medical and economic resources of the country.21 

Therefore, it is important to define how to effectively 
prevent and reverse the pathological process of osteoporo-
sis. At present, the clinical treatment methods for 
osteoporosis.22,23 However, clinical bone defects, fracture 
nonunion and nonunion have always been difficult to treat, 
so effective methods for promoting bone formation are 
still under study. Osteoblasts are derived from BMSC.24 

Inhibition of osteogenic differentiation can cause post- 
traumatic bone defects.25 Therefore, it is of significance 
to study the mechanism of osteogenic differentiation in the 
treatment of osteoporosis.

The main diagnostic and evaluation criteria for osteo-
porosis include the measurement of BMD and the detec-
tion of biochemical indicators of bone metabolism.26,27 

Current research has found that BS/TV, BV/TV, Tb.N 
and Tb.Sp may be sensitive variables of bone trabecular 
structure changes, which predict the development of 
osteoporosis.28,29 In this study, BMD, BV/TV and TB. 
N levels were decreased in OVX group, while BS/BV 
level was increased significantly, indicating that ovariecto-
mized osteoporosis rat model had been successfully 
established.

Recently, miRNAs play critical roles in the directional 
differentiation of mesenchymal stem cells into osteoblasts 
and development by inhibiting the translation and expres-
sion of target mRNA or degradation of target mRNA.30 

miRNA has a regulatory effect on osteogenic differentia-
tion of different cells.31 However, osteogenic differentia-
tion of stem cells may involve multiple factors and 
different signaling pathways to coordinate with each 
other to jointly regulate osteogenic differentiation of 
stem cells.32 The osteogenic differentiation of stem cells 
may involve multiple factors.33 Therefore, it is of signifi-
cance to study the role of key miRNAs on osteogenic 
differentiation of BMSCs for the OS. Studies have found 
that miR-17, miR-27a, miR-140-5p and miR-654-5p can 
directly inhibit the expression of BMP2 to regulate osteo-
genic differentiation.34 MiR-197-3p, as a member of 
miRNA family, can regulate the proliferation of tumor 
cells.35 In this study, it was found that the expression of 
miR-197-3p in OVX group was increased. During osteo-
blast differentiation, the miR-655-3p level in primary 
osteoblasts and MC3E3T1 cells of the OM group was 
significantly reduced. Moreover, ALP activity and osteo-
genesis-related genes (RUNX2, OSX, and OCN) expres-
sion were significantly reduced. In the miR-197-3p 

Figure 4 mRNA expression of OCN, RUNX2, ALP and OSX (A) in primary osteoblasts (B) in MC3T3-E1 cells. N = 3. ** P <0.01.
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inhibitor group, ALP, RUNX2, OCN and OSX mRNA, 
cell survival rate and mineralized nodules in primary 
osteoblasts and MC3E3T1 cells were significantly 
increased. These results suggest that inhibition of miR- 
197-3p may promote osteoblast differentiation and relieve 
osteoporosis.

Krüppel-like factors (KLFs) are a class of transcription 
factors with three C2H2 zinc finger structures at the 
C-terminus, which can bind a variety of specific proteins 
to mediate transcriptional regulation.36 It is found that 
KLFs play a critical role in the differentiation, phenotype 

maintenance and physiological function regulation of var-
ious types of human cells.37 KLF10 can inhibit skeletal 
muscle formation, and KLF10 gene expression is down- 
regulated during skeletal muscle formation.38 However, 
during the differentiation of mouse skeletal muscle cells, 
the expression of KLF10 is increased. KLF10 gene expres-
sion can be detected in myoblasts and myotubes, suggest-
ing that KLF10 in skeletal muscle tissue may be more 
complex.39 This study found that the expression of 
KLF10 in OVX group was increased. During osteoblast 
differentiation, the expression of KLF10 in the OM group 

Figure 5 Comparison of osteoblast viability and ALP activity in different groups. (A, B) Cell viability and ALP activity in primary osteoblasts. (C, D) Cell viability in MC3T3- 
E1 cells. N = 3. ** P <0.01.
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was increased in primary osteogenesis cells and MC3E3T1 
cells. Luciferase reporter assay showed that there was 
indeed a targeting relationship between KLF10 and miR- 
197-3p. MiR-197-3p negatively regulated the expression 
of KLF10. ALP, RUNX2, OCN, OSX. Cell survival rate 
and mineralized nodules were significantly down- 
regulated in primary osteoblasts and MC3T3-E1 cells co- 
transfected with miR-197-3p inhibitor and si-KLF10. 
These results suggest miR-197-3p inhibition advances 
osteoblast differentiation and reduces osteoporosis by 
KLF10.

Conclusion
MiR-197-3p promoted osteoblast differentiation and reduced 
osteoporosis by KLF10, indicating that miR-197-3p can be 
an important medium for osteoblast differentiation.

Ethics
The study was approved by the Jiangxi Provincial People’s 
hospital’s Experimental Animal Ethics Committee. 
NO.125765. All the animals in this study received the stan-
dard care of National Institutes of Health’s Guide to the Care 
and Use of Laboratory Animals (NIH Publication No. 85).

Figure 6 Mineralized nodules of primary osteoblasts and MC3T3-E1 cells. (A) Mineralized nodules of primary osteoblasts. (B) The mineralized nodules of MC3T3-E1 cells. 
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