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Abstract. The function of microRNA‑152 for a cohort of 
patients with osteosarcoma and the influence on cell growth of 
osteosarcoma were studied. The expression of microRNA‑152 
was downregulated in patients with osteosarcoma. The 
downregulation of microRNA‑152 promotes cell proliferation, 
decreases apoptosis, and suppresses LDH activity, caspase-3/9 
activities and Bax/Bcl-2 and p53 protein expression levels 
of osteosarcoma through activation of the Wnt/β-catenin 
signaling pathway by targeting DKK1. Whereas, overex-
pression of microRNA‑152 targets DKK1 to inhibit cell 
proliferation, induce apoptosis, and promote LDH activity, 
caspase-3/9 activities and Bax/Bcl-2 and p53 protein expression 
levels of osteosarcoma through inactivation of the Wnt/β-
catenin signaling pathway. The promotion of DKK1 reversed 
the anticancer function of microRNA‑152 overexpression 
through Wnt/β-catenin signaling pathway. We demonstrated 
that microRNA‑152 inhibits cell proliferation of osteosarcoma 
through DKK1 by directly targeting Wnt/β‑catenin signaling 
pathway.

Introduction

Osteosarcoma (OS) is a primary marrow cavity solid tumor 
with high malignant degree, the morbidity of which ranks in 
the second place among all primary bone tumors, second only 
second to plasma cell myeloma (1). OS develops from mesen-

chymal cell lines, which is characterized by the production of 
osteoid tissue of fusiform stromal cells, as well as the osteoid 
tissue or immature bone produced by tumor cells (2). OS is the 
most common primary malignant bone tumor in clinic, which 
frequently occurs in children and adolescent (3). OS accounts 
for approximately 30% of malignant bone tumors and 3-4% of 
all tumors in children; in addition, it is associated with poor 
prognosis and low 5-year survival rate. With the increasing 
deepening of understanding towards tumor genesis and 
development, as well as the rapid development of treatment 
technologies such as surgical technique, imaging diagnostics, 
adjuvant chemotherapy and radiotherapy, especially the rapid 
development of individualized treatment, cell therapy, mono-
clonal therapy and tumor vaccine therapy, the 5-year survival 
rate of patients has increased from 10-20% to 50-70% by 
adopting the comprehensive treatment mode of neoadjuvant 
therapy with limb-sparing radical surgery, which has become 
the successful model in tumor treatment field (3,4).

Research on miRNA in recent years has been trans-
ferred from lower biological regulation like nematode to all 
physiological processes of mammals (5). Research concerning 
correlation of tumor with miRNA expression is extremely 
active, which facilitates the identification of multiple miRNAs 
that exert important regulatory effects in tumor progres-
sion (6). Currently, a part of miRNA profiles have been applied 
in tumor screening and metastasis as tumor markers  (6). 
Transgenic mice with over-expression and deletion of specific 
miRNAs have also been extensively applied in investigating 
the roles of miRNAs in multiple malignant tumors. The 
present study provided experimental evidence for the function 
of microRNA‑152 for a cohort of patients with osteosarcoma 
and the influence on cell growth of osteosarcoma.

Materials and methods

Ethics statement, patients, and samples. We collected serum 
of OS patients and normal volunteers at The Second Hospital 
of Jilin University, (Changchun, China). This study was 
approved by the ethics committees on The Second Hospital of 
Jilin University.
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Total RNA was extracted from serum using the QIAzol 
lysis reagent and miRNeasy kit following the protocol of 
the manufacturer (Qiagen Inc., Valencia, CA, USA). Total 
RNA (200 ng) was used to compound cDNA synthesis using 
the QuantiTect Reverse Transcription kit (Qiagen Inc.). The 
real-time PCR (qPCR) was detected using SYBR Green Mix 
(Life Technologies). The PCR amplification conditions were 
as follows: 5 min at 94˚C, for 40 cycles at 95˚C for 30 sec and 
at 60˚C for 30 sec.

Cell cultures and transfection. Human Osteosarcoma F5M2 
cell line was acquired from the American Type Culture 
Collection (Manassas, VA, USA) and was cultured with 
RPMI-1640 medium (Gibco Life Technologies, Gaitherburg, 
MD, USA), 10% fetal bovine serum (FBS, Gibco Life 
Technologies) and penicillin (100  U/ml)/streptomycin 
(100 µg/ml) in a humidified atmosphere with 5% CO2 at 37˚C. 
MicroRNA‑152, anti-microRNA‑152, si-DKK1 and negative 
control mimics were acquired from Sangon (Shanghai, China). 
Cell were transfected by using Lipofectamine 2000 (Gibco 
Life Technologies) according to the manufacturer's instruc-
tions.

Cell proliferation and flow cytometry based cell apoptosis 
assay. After transfection, cells were seeded onto 96-well plates 
and treated with methylthiazolyldiphenyl-tetrazolium bromide 
(MTT) assay (Sigma-Aldrich, St. Louis, MO, USA) for 4 h at 
37˚C. DMSO was added into cells and shaked for 20 min. The 
absorbance was determined on a microplate spectrophoto-
meter (SpectraMax, Molecular Devices, Sunnyvale, CA, USA) 
at 490 nm.

After transfection, cells were seeded onto 6-well plates 
and stained with Annexin  V-FITC/PI Apoptosis Assay 
(BD  Biosciences Pharmingen, San Diego, CA, USA) for 
20 min in the dark at 4˚C. Apoptotic cells were recorded by 
applying CellQuest Software (BD Biosciences Pharmingen).

Caspase‑9/3 activation. Cell protein was extracted using 
RIPA buffer containing protease inhibitors and phosphatase 
inhibitors. Caspase-3/9 activities was analyzed by caspase-3 
and caspase-9 activity kits. The absorbance was determined 
using a microplate spectrophotometer (SpectraMax, Molecular 
Devices) at 405 nm.

Western blotting. Cell protein was extracted using RIPA buffer 
containing protease inhibitors and phosphatase inhibitors. Total 
protein (30 µg) were separated by 8-10% SDS-polyacrylamide 

gel electrophoresis (SDS-PAGE) and transferred to PVDF 
membranes (Millipore). Then, membranes were blocked with 
5% bovine serum albumin (BSA), and incubated with Bax, 
Bcl-2, p53, Wnt, β-catenin, DKK1 and GAPDH (all, Cell 
Signaling Technology) at 4˚C overnight. Membranes were 
incubated with HRP secondary antibodies (Cell Signaling 
Technology) for 1  h at 37˚C. The protein expression was 
analyzed by the ChemiDoc XRS imaging system (Bio-Rad, 
Hercules, CA, USA) with Quantity One Program (version 4.6, 
Bio-Rad).

Statistical analysis. Data are presented as the mean ± standard 
deviation (SD). ANOVA (one-way analysis of variance) was 
used to determine the difference between or among groups. 
P<0.05 was considered statistically significant.

Results

The expression of microRNA‑152 in OS patients. We vali-
dated the expression of microRNA‑152 in OS patients using 
real-time PCR (qPCR). Fig. 1 showed that the expression of 
microRNA‑152 was downregulated in patients with osteosar-
coma. These results indicate that microRNA‑152 may regulate 
osteosarcoma occurrence.

Overexpression of microRNA‑152 inhibits cell prolifera‑
tion and increases LDH activity. To establish a functional 
relationship between microRNA‑152 and cell proliferation 
of osteosarcoma, osteosarcoma cells were transfected using 
microRNA‑152 mimics. As shown in Fig. 2, overexpression of 
microRNA‑152 inhibited cell proliferation and increased LDH 
activity of osteosarcoma.

Figure 1. The expression of microRNA‑152 in OS patients. Normal, normal 
volunteers; OS, osteosarcoma patients. ##P<0.01 compared with normal vol-
unteers.

Figure 2. Overexpression of microRNA‑152 inhibits cell proliferation and increases LDH activity. Overexpression of microRNA‑152 inhibited cell prolifera-
tion (A) and increased LDH activity (B). Control, control group; miRNA‑152, overexpression of microRNA‑152 group. ##P<0.01 compared with control group.
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Overexpression of microRNA‑152 increases caspase-3/9 
activity and apoptosis. Further, we investigated whether 
microRNA‑152 regulates apoptosis of osteosarcoma. Fig. 3A 
and  B, indicate that overexpression of microRNA‑152 

significantly decrease caspase-3/9 activities and apoptosis of 
osteosarcoma. Whereas, the results of DAPI staining showed 
that overexpression of microRNA‑152 remarkably promoted 
cell nucleus apoptosis of osteosarcoma (Fig. 3C).

Figure 3. Overexpression of microRNA‑152 to increases caspase-3/9 activities and apoptosis. Overexpression of microRNA‑152 increases caspase-3/9 
activities (A), apoptosis (B) and nucleus apoptosis (C). Control, control group; miRNA‑152, overexpression of microRNA‑152 group. ##P<0.01 compared 
with control group.

Figure 4. Overexpression of microRNA‑152 increases Bax/Bcl-2 and p53 protein expression levels. Overexpression of microRNA‑152 increases Bax/Bcl-2 
and p53 protein expression levels by western blot assays (A) and statistical analysis for Bax/Bcl-2 and p53 protein expression levels (B and C). Control, control 
group; miRNA‑152, overexpression of microRNA‑152 group. ##P<0.01 compared with control group.

Figure 5. Overexpression of microRNA‑152 increases DKK1 and decreases Wnt/β-catenin. Overexpression of microRNA‑152 increases DKK1 and decreases 
Wnt/β-catenin by western blot assays (A) and statistical analysis for DKK1, Wnt and β-catenin (B-D). Control, control group; miRNA‑152, overexpression of 
microRNA‑152 group. ##P<0.01 compared with the control group.
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Overexpression of microRNA‑152 increases Bax/Bcl-2 and 
p53 protein expression levels. As showed in Fig. 4, over
expression of microRNA‑152 significantly induced Bax/Bcl-2 
and p53 protein expression levels of osteosarcoma, which 
showed that microRNA‑152 may adjust Bax/Bcl-2 and p53 
protein expression levels to promote apoptosis of osteosar-
coma.

Overexpression of microRNA‑152 suppresses DKK1 and 
decreases Wnt/β-catenin. To further investigate the correla-
tion between microRNA‑152 and DKK1/ Wnt/β-catenin 
signaling pathway, western blotting was used to compare 
the DKK1 protein expression after overexpression of 
microRNA‑152. Our data suggest that overexpression of 

microRNA‑152 significantly suppressed DKK1 protein 
expression, and induced Wnt and β-catenin protein expression 
in osteosarcoma (Fig. 5).

Downregulation of microRNA‑152 expression promotes cell 
proliferation and decreases LDH activity. We determined 
whether the reversal of cell proliferation of osteosarcoma was 
adjusted by downregulation of microRNA‑152 expression. As 
shown in Fig. 6, downregulation of microRNA‑152 expression 
significantly promoted cell proliferation and decreased LDH 
activity of osteosarcoma.

Downregulation of microRNA‑152 expression decreases 
caspase-3/9 activity and apoptosis. In order to investigate 

Figure 6. Downregulation of microRNA‑152 expression promotes cell proliferation and decreases LDH activity. Downregulation of microRNA‑152 expression 
promotes cell proliferation (A) and increase LDH activity (B). Control, control group; anti-miRNA‑152, downregulation of microRNA‑152 group. ##P<0.01 
compared with control group.

Figure 7. Downregulation of microRNA‑152 expression decreases caspase-3/9 activity and apoptosis. Downregulation of microRNA‑152 expression cas-
pase-3/9 activity (A), apoptosis (B) and nucleus apoptosis (C). Control, control group; anti-miRNA‑152, downregulation of microRNA‑152 group. ##P<0.01 
compared with control group.

Figure 8. Downregulation of microRNA‑152 expression decreases Bax/Bcl-2 and p53 protein expression levels. Downregulation of microRNA‑152 Bax/Bcl-2 
and p53 protein expression levels by western blot assays (A) and statistical analysis for Bax/Bcl-2 and p53 protein expression levels (B and C). Control, control 
group; anti-miRNA‑152, downregulation of microRNA‑152 group. ##P<0.01 compared with control group.
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more detailed apoptotic mechanisms of microRNA‑152 
in osteosarcoma, the caspase-3/9 activity and apoptosis of 
osteosarcoma cells by microRNA‑152 downregulation were 
measured. As expected, downregulation of microRNA‑152 
expression significantly decreased caspase-3/9 activity and 
apoptosis, and inhibited cell nucleus apoptosis of osteosar-
coma (Fig. 7).

Downregulation of microRNA‑152 expression decreases Bax/
Bcl-2 and p53 protein expression levels. As shown in Fig. 8, 
downregulation of microRNA‑152 expression significantly 
decreased Bax/Bcl-2 and p53 protein expression levels of 
osteosarcoma, which showed that microRNA‑152 down
regulation also adjusts cell growth of osteosarcoma.

Downregulation of microRNA‑152 expression induces DKK1 
and increases Wnt/β-catenin. We determined if microRNA‑152 
downregulation regulated DKK1/Wnt/β‑catenin signaling 
pathway. Downregulation of microRNA‑152 expression signif-
icantly decreased DKK1 protein expression and increased 
Wnt/β-catenin protein expression of osteosarcoma (Fig. 9). 
Taken together, these data suggested microRNA‑152 could be 
a potential regulator for Wnt/β-catenin protein expression via 
targeting DKK1.

The inhibition of DKK1 promotes anticancer function of 
microRNA‑152 on cell proliferation and LDH activity. To 
further confirm the above findings, we also used DKK1 
protein to increase DKK1 expression of osteosarcoma by 
microRNA‑152. As shown in Fig. 10, compared with osteo-
sarcoma-microRNA‑152, the promotion of DKK1 promoted 
the anticancer function of microRNA‑152 on cell proliferation 
inhibition and LDH activity induction of osteosarcoma.

The inhibition of DKK1 reverses the anticancer function 
of microRNA‑152 on caspase-3/9 activity and apoptosis. 
Based on the above, we expected the promotion of DKK1 
on the anticancer function of microRNA‑152 apoptosis of 
osteosarcoma. As shown in Fig. 11, the promotion of DKK1 
increased the anticancer function of microRNA‑152 on 
caspase-3/9 activity and apoptosis, and cell nucleus apoptosis 
of osteosarcoma.

The inhibition of DKK1 reverses the anticancer function of 
microRNA‑152 on Bax/Bcl-2 and p53 protein expression 
levels. Next, we found that the inhibition of DKK1 signifi-
cantly promoted the anticancer function of microRNA‑152 on 
Bax/Bcl-2 and p53 protein expression levels of osteosarcoma 
(Fig. 12).

Figure 9. Downregulation of microRNA‑152 expression decreases DKK1 and increases Wnt/β-catenin. Downregulation of microRNA‑152 expression DKK1 
and Wnt/β-catenin by western blot assays (A) and statistical analysis for DKK1, Wnt and β-catenin (B-D). Control, control group; anti-miRNA‑152, downregu-
lation of microRNA‑152 group. ##P<0.01 compared with control group.

Figure 10. The inhibition of DKK1 promotes the anticancer function of microRNA‑152 on cell proliferation and LDH activity. The inhibition of DKK1 pro-
moted the anticancer function of microRNA‑152 on cell proliferation (A) and increased LDH activity (B). Control, control group; miRNA‑152, overexpression 
of microRNA‑152 group; DKK1+miRNA‑152, si-DKK1+overexpression of microRNA‑152 group. ##P<0.01 compared with control group, **P<0.01 compared 
with miRNA‑152 group.
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The inhibition of DKK1 reverses the anticancer function of 
microRNA‑152 on DKK1 and Wnt/β-catenin. Moreover, western 

blot analysis for DKK1 protein also demonstrated a significant 
promotion of DKK1 protein expression in osteosarcoma by 

Figure 12. The inhibition of DKK1 reverses the anticancer function of microRNA‑152 on Bax/Bcl-2 and p53 protein expression levels. The inhibition of 
DKK1 reversed the anticancer function of microRNA‑152 on Bax/Bcl-2 and p53 protein expression levels by western blot assays (A) and statistical analysis 
for Bax/Bcl-2 and p53 protein expression levels (B and C). Control, control group; miRNA‑152, overexpression of microRNA‑152 group; DKK1+ miRNA‑152, 
si-DKK1+overexpression of microRNA‑152 group. ##P<0.01 compared with control group, **P<0.01 compared with miRNA‑152 group.

Figure 11. The inhibition of DKK1 reverses the anticancer function of microRNA‑152 on caspase-3/9 activity and apoptosis. The inhibition of DKK1 reversed 
the anticancer function of microRNA‑152 on caspase-3/9 activities (A), apoptosis (B) and nucleus apoptosis (C). Control, control group; miRNA‑152, overex-
pression of microRNA‑152 group; DKK1+miRNA‑152, si-DKK1+overexpression of microRNA‑152 group. ##P<0.01 compared with control group, **P<0.01 
compared with miRNA‑152 group.

Figure 13. The inhibition of DKK1 reverses the anticancer function of microRNA‑152 on DKK1 and Wnt/β-catenin. The inhibition of DKK1 reverses the 
anticancer function of microRNA‑152 on DKK1 and Wnt/β-catenin by western blot assays (A) and statistical analysis for DKK1, Wnt and β-catenin (B-D). 
Control, control group; miRNA‑152, overexpression of microRNA‑152 group; DKK1+miRNA‑152, si-DKK1+overexpression of microRNA‑152 group. 
##P<0.01 compared with control group, **P<0.01 compared with miRNA‑152 group.
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microRNA‑152 (Fig. 13A and B). Moreover, the promotion of 
DKK1 reversed the anticancer function of microRNA‑152 on 
Wnt/β-catenin protein expression in osteosarcoma (Fig. 13A, 
C and D).

Discussion

Morbidity of OS accounts for approximately 0.2% of human 
solid malignant tumors, with the age of onset being dominant 
at 15-25 years  (2). The number of male patients is greater 
than that of female patients. It mostly occurs in metaphysis 
of long bone, with distal femur and proximal embryonic bone 
being dominant, followed by fibula and proximal limb bone. 
Besides, it can also occur in bone tissues in other sites, such as 
vertebral column, skeleton and upper femur. OS is a primary 
malignant bone tumor that is frequently seen in children and 
adolescent, and lung metastasis is responsible for the major 
cause of death  (7). OS cell invasion and metastasis is the 
interaction between cells and extracellular matrix, which is 
a complicated and multi-step process involving the effects 
of multiple oncogenes (8). In our study, we presume that the 
expression of microRNA‑152 was downregulated in patients 
with osteosarcoma. Zhou et al identified that microRNA‑152 
inhibited tumor cell growth of hepatocellular carcinoma by 
targeting RTKN (9).

miRNAs have become novel research focus since more 
and more miRNA molecules have been discovered in 
human cells in succession, especially after their extensive 
regulatory effects on development, proliferation and death 
have been revealed (10). Increasing research in recent years 
has verified that miRNAs play important regulatory roles 
in genesis and development of tumor cells. miRNAs have 
their own expression profiles in different malignant tumor 
tissues, as is demonstrated  (11). Furthermore, it is also 
revealed that multiple miRNA molecules participate in 
regulating important biological processes of cancer cells 
through silencing expression of cancer cell growth-related 
genes, thus indirectly exerting tumor-promoting and tumor-
suppressing functions (8). We found that the downregulation 
of microRNA‑152 expression targets DKK1 to promote cell 
proliferation, decrease apoptosis, and suppress LDH activity, 
caspase-3/9 activities of osteosarcoma; overexpression of 
microRNA‑152 targets DKK1 to inhibit cell proliferation, 
induce apoptosis, and promote LDH activity, caspase-3/9 
activities of osteosarcoma. Kindrat  et  al  suggests that 
microRNA‑152 mediated cell growth of liver carcinogen-
esis (12).

Bax/Bcl-2 pathway is also known as the mitochondrial 
apoptosis pathway. Bcl-2 is widely present in normal tissue 
and embryonic tissue cells, such as nerve cells, skin cells, and 
embryonic kidney cells and cartilage (13). With the further 
study, the understanding of the bcl-2 family members and 
their roles have become deeper. It is known that bcl-2 family 
plays a key role in apoptosis (13). Bcl-2 itself can block or 
delay the apoptosis induced by a variety of chemotherapeutic 
drugs by blocking apoptosis signal transduction system (14). 
The present study has confirmed that the downregulation 
of microRNA‑152 expression suppress Bax/Bcl-2 and p53 
protein expression levels of osteosarcoma; overexpression of 
microRNA‑152 promotes Bax/Bcl-2 and p53 protein expres-

sion levels of osteosarcoma. Cao et al indicated that miR-152 
induced cell apoptosis in human brain microvascular endothe-
lial cells (15).

DKK1 is a secretory protein that was first verified to 
have regulatory effect on the development of embryonic 
head in xenopus laevis. Subsequently, DKK1 was supposed 
to have regulatory effect on Wnt/β-catenin signal pathway in 
human (16). Later, it is confirmed in numerous studies that 
DKK1 plays an important role in the genesis and metastasis 
mechanisms of tumor, and it is verified in some tumors to 
have value in predicting prognosis (17). As a kind of secretory 
protein, its expression quantity in serum can be treated as an 
indicator in diagnosing certain tumors. However, in our study, 
we found that the overexpression of microRNA‑152 suppressed 
DKK1 and decreased Wnt/β-catenin in osteosarcoma, and 
downregulation of microRNA‑152 expression to induced 
DKK1/Wnt/β-catenin in osteosarcoma. Xu et al showed that 
microRNA-152 contributes DKK1 expression in multiple 
myeloma (18). Thus it was shown that microRNA‑152 could 
suppressed DKK1 Wnt/β-catenin in osteosarcoma, which may 
be an important signaling pathways for treatment of osteosar-
coma.

Wnt/β-catenin signal transduction pathway in the genesis 
and development of OS has received continuous attention 
at present (19). Abnormalities of the signal pathway mainly 
manifest as abnormal aggregation of β-catenin in cytoplasm 
and nucleus, as well as activation of downstream target genes 
such as cyclin D1 and surviving  (20). These target genes 
are mostly associated with cell cycle, cell apoptosis and 
cell proliferation, which influence the normal regulation of 
cell proliferation and differentiation, render excessive cell 
proliferation, and induce cancer  (21). Our results showed 
the promotion of DKK1 reversed the anticancer function 
of microRNA‑152 overexpression through Wnt/β-catenin 
signaling pathway. Miao et al revealed that microRNA-152 
modulates Wnt pathway activation in rheumatoid arthritis 
rat  (22). Thus, we thought that microRNA‑152 modulates 
DKK1 to suppress Wnt/β-catenin signaling pathway in 
osteosarcoma.

In conclusion, our study for the first time identified that the 
expression of microRNA‑152 was downregulated in patients 
with osteosarcoma. Overexpression of microRNA‑152 
targets DKK1 to inhibit cell proliferation, induce apop-
tosis, and promote LDH activity, caspase-3/9 activity and 
Bax/Bcl-2 and p53 protein expression levels of osteosarcoma 
through inactivation of the Wnt/β-catenin signaling pathway, 
exploration of novel interaction network of molecules such 
as microRNA‑152 and DKK1 may reveal novel strategies 
for the treatment of osteosarcoma. MicroRNA‑152 has been 
further enhanced to understand occurrence mechanism of 
osteosarcoma. microRNA‑152 and DKK1 may be developed 
to treat osteosarcoma for further clinical applications.
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