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Abstract. The present study aimed to investigate the 
function and mechanism of microRNA‑638 (miR‑638) in 
osteosarcoma. MiR‑638 expression change in patients with 
osteosarcoma was detected by reverse transcription‑quanti-
tative polymerase chain reaction. Expression of miR‑638 was 
observed to be downregulated in patients with osteosarcoma 
compared with the control group. In vitro, overexpression 
of miR‑638 induced apoptosis, and inhibited cell prolifera-
tion and invasion of osteosarcoma cells. Overexpression of 
miR‑638 induced Bcl‑2 associated X and caspase‑3 protein 
expression, and suppressed cyclin D1, phospholipase D1 
(PLD1) and vascular endothelial growth factor (VEGF) 
protein expression in osteosarcoma. The promotion of 
PLD1 decreased the effects of miR‑638 on osteosarcoma 
cell proliferation. In summary, it was demonstrated that 
miRNA‑638 expression change in patients with osteosar-
coma and an in vitro model via PLD1 and VEGF expression 
and miRNA‑638 may be potential clinical indicators of 
osteosarcoma.   

Introduction 

Osteosarcoma accounts for ~0.2% of human solid malignant 
tumors. The age of onset is generally between 15 and 25 years 
old (1). Osteosarcoma is more common in males compared 
with females and frequently occurs in the metaphysis of long 
bones (1). Of these, the distal and proximal femurs are the 
most common, followed by the proximal fibula and other 

limb bones (1). Osteosarcoma may also occur in other bone 
tissues, including the spine and upper femur (1). The growth 
invasiveness of osteosarcoma can cause periosteal reaction, 
which forms a Codman triangle  (2). Patients with osteo-
sarcoma are prone to developing early lung metastasis (2). 
This may be one of the reasons for the 5‑year survival rate 
of patients with osteosarcoma after amputation of only 
5‑20% (2). 

Osteosarcoma primarily occurs in young people. It has 
a high malignancy grade and severely harms the health of 
young patients (3). A large body of research has deepened 
our understanding of osteosarcoma, but its pathogenesis is 
quite complex (4). It is associated with various genetic factors, 
including abnormal activation, gene silencing and regula-
tion of pathways (5). Recent research has also indicated that 
miRNA and lncRNA are involved in the pathogenesis of 
osteosarcoma (4).

The Human Genome Project was completed in 2003 (6), 
and the function of RNA in biological processes has been 
increasingly emphasized  (7). MicroRNA (miRNA) was 
rated as one of the ten major breakthroughs in science and 
technology by Science in 2002 and 2003 (8). It has become a 
popular topic in the field of RNA research. At present, almost 
1,400 miRNAs have been reported in biological species (8). 
These species include Drosophila melanogaster, rodents, 
humans and plants. MiRNAs are closely associated with tissue 
and organ development, cell proliferation, differentiation and 
apoptosis. In addition, they are associated with fat metabolism 
and other activities of animals and plants (4). 

Osteosarcoma is a vascular malignant tumor (9). Previous 
results have demonstrated that vascular endothelial growth 
factor (VEGF) expression level is associated with microvessel 
density and metastasis of osteosarcoma (9). A previous study 
reported that favorable conditions for the survival of malignant 
tumors are associated with increased microvessel density in 
osteosarcoma  (10). VEGF is the most typical angiogenic 
factor  (10). It can stimulate endothelial cell proliferation, 
migration and vascular maturation  (10). When VEGF is 
combined with the VEGF receptor, a number of different 
signaling pathways will be activated (10). Furthermore, nitric 
oxide, phospholipase Cy and protein kinase C will be released. 
This can promote angiogenesis (10). Cheng et al (11) observed 
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that miR‑638 inhibits cell proliferation in human gastric carci-
noma. The present study aimed to investigate the function and 
mechanism of miRNA‑638 in osteosarcoma.

Materials and methods

Clinical samples. Serum (10 ml) of male osteosarcoma patients 
(n=6; age, 51‑64 years) and male healthy volunteers (n=6; age, 
55‑62 years) was collected at the Department of Physiology, 
Xuzhou Medical University (Xuzhou, China) from Dec 2015 
to Feb 2016 and centrifuged at 8,000 x g for 10 min at 4˚C. 
Serum samples were snap frozen in liquid nitrogen immedi-
ately after resection and stored at ‑80˚C. The study protocol 
was approved by the Medical Ethics Committee of the Xuzhou 
Hospital of Traditional Chinese Medicine. Written informed 
consent was obtained from all participants for their inclusion 
in the present study.

Cell lines and transfection. The human osteosarcoma cell line 
MG63 was purchased from Shanghai Cell Bank of Chinese 
Academy of Sciences (Shanghai, China) and grown in 
RPMI‑1640 medium (Hyclone; GE Healthcare Life Sciences, 
Logan, UT, USA) containing 10% fetal bovine serum (FBS; 
Hyclone; GE Healthcare Life Sciences) at 37˚C in a humidi-
fied atmosphere of 5% CO2. MiR‑638 (5'‑GTG​AGC​GGG​CGC​
GGC​AGG​GAT​CGC​GGG​CGG‑3'), anti‑miR‑638 (5'‑AGG​
CCG​CCA​CCC​GCC​CGC​GAT​CCC​T‑3'), negative control 
mimics (5'‑TGA​CTG​TAC​TGA​ACT​CGA​CTG‑3') and phos-
pholipase D1 (PLD1) plasmids were supplied by GenePharma 
Co., Ltd. (Shanghai, China). The MG63 cell line was plated 
in a 12‑well plate and transfected with 100 nM of miR‑638, 
anti‑miR‑638, negative control mimics and PLD1 plasmid 
using Lipofectamine 3000 (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and then incubated for 6 h.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted from serum 
samples or MG63 cells using RNAiso reagent (Takara Bio, 
Inc., Otsu, Japan) and cDNA was synthesized using the 
PrimeScript RT reagent kit (Takara Bio, Inc.). qPCR was 
conducted to quantify relative mRNA expression using SYBR 
Premix Ex Taq (Takara Bio, Inc.). The primers for miR‑638 
were: Forward, 5'‑GAG​AGG​ATC​CTG​CCG​CAG​ATC​GCT​
G‑3' and reverse, 5'‑GAG​TAA​GCT​TCA​GGG​AGT​CCT​CTG​
CC‑3'. The primers for U6 were: Forward, 5'‑CTC​GCT​TCG​
GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​
TGC​GT‑3'. The reactions were incubated at 95˚C for 5 min, 
followed by 40 cycles of 95˚C for 30 sec and 60˚C for 30 sec. 
The 2‑ΔΔCq method was used to analyze the relative expression 
of target genes (12).

Cell proliferation assay. Cells (1x105) were plated in 96‑well 
culture plates following transfection for 6 h, and incubated for 
0, 24, 48 and 72 h at 37˚C. Cell proliferation was evaluated with 
Cell Counting Kit‑8 (Beyotime Institute of Biotechnology, 
Shanghai, China) for 2 h, and examined by measuring absor-
bance at 450 nm.

Transwell invasion assay. Following transfection for 6 h, cells 
were plated in 24‑well Transwell inserts coated with Matrigel 

(8‑µm; BD Biosciences, San Jose, CA, USA) for cell invasion 
assays. Cells (1x105 cell/well) were plated in the upper chamber 
in RPMI‑1640 medium and the lower chamber contained 
RPMI‑1640 medium with 10% FBS. The cells on the upper 
chamber were removed using cotton swabs following 48 h 
incubation. The cells on the lower surface were fixed with 4% 
formaldehyde solution for 15 min at room temperature and 
stained with hematoxylin for 5 min at room temperature. Cells 
were observed using a light microscope and analyzed using 
Image Lab 3.0 (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA). 

Flow cytometry. After transfection for 48 h, cells were stained 
with PBS containing propidium iodide (50 µg/ml)/Annexin 
V (BD Biosciences) for 15 min in the dark at room tempera-
ture. The percentage of apoptotic cells was measured using 
a BD FACSCalibur system (FACScan; BD Biosciences) and 
analyzed using FlowJo version 7.6.1 (FlowJo LLC, Ashland, 
OR, USA). 

Western blotting analysis. Protein was isolated from cells 
following 48 h of transfection using radioimmunoprecipita-
tion assay buffer (Beyotime Institute of Biotechnology) and 
measured using the BCA method (Beyotime Institute of 
Biotechnology). Proteins (50 µg) were then subjected to 8‑12% 
SDS‑PAGE for separation before being transferred onto a poly-
vinylidene membrane (EMD Millipore, Billerica, MA, USA). 
The membrane was blocked with 5% nonfat milk for 1 h at 
37˚C and incubated with antibodies against Bcl‑2‑associated 
X (Bax; cat.  no.  5023), cyclin D1 (cat.  no.  2978), PLD1 
(cat. no. 3832), VEGF (cat. no. 2463) (all dilution 1:2,000) and 
GAPDH (cat. no. 5174; dilution 1:5,000) (all Cell Signaling 
Technology, Inc., Danvers, MA, USA) at 4˚C overnight. The 
membranes were subsequently incubated with a goat anti‑rabbit 
horseradish peroxidase secondary antibody (cat. no. 7074; 
dilution 1:5,000; Cell Signaling Technology, Inc.) at 37 ˚C for 
1 h and detected using enhanced chemiluminescence reagents 
(Pierce; Thermo Fisher Scientific, Inc.), and Image‑Pro Plus 
software version 6.0 (Media Cybernetics, Inc., Rockville, MD, 
USA).

Caspase‑3 activity. Protein was isolated from cells following 
48 h of transfection as described above. A total of 10 µg 
protein was used to measure the caspase‑3 activity using a 
caspase‑3 activity kit (cat. no. C1116; Beyotime Institute of 
Biotechnology) and the absorbance was measured at 405 nm. 

Statistical analysis. Data are presented as the mean ± standard 
deviation using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). 
Statistical comparisons were performed using a Student's t‑test 
or one‑way analysis of variance followed by Dunnett's test. 
Each experiment was performed a minimum of three times. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results 

MiR‑638 expression change in patients with osteosarcoma. 
The expression of miR‑638 was evaluated in the serum of 
patients with osteosarcoma and normal controls. As indicated 
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in Fig. 1, the miR‑638 serum level was significantly decreased 
in patients with osteosarcoma compared with the normal 
controls. 

Overexpression of miR‑638 induces apoptosis, and inhibits 
cell proliferation and invasion of osteosarcoma cells. In 
order to verify the function of miR‑638 in osteosarcoma, 
miR‑638 expression was upregulated in osteosarcoma cells 
using miR‑638 mimics. As indicated in Fig.  2, miR‑638 
expression was significantly upregulated in osteosarcoma 
cells transfected with miR‑638 compared with the control. 
In addition, overexpression of miR‑638 significantly induced 
apoptosis, and significantly inhibited cell proliferation (at 48 
and 72 h) and invasion of osteosarcoma cells compared with 
the control (Fig. 2). 

Overexpression of miR‑638 affects Bax, caspase‑3 and cyclin 
D1 protein expression in osteosarcoma cells. Overexpression 
of miR‑638 significantly increased caspase‑3 activity and 
Bax protein expression, and significantly decreased cyclin D1 
protein expression in osteosarcoma cells compared with the 
control group (Fig. 3). 

Overexpression of miR‑638 affects PLD1 and VEGF protein 
expression of osteosarcoma. To elucidate the mechanism 
underlying miR‑638‑mediated suppression of cell prolifera-
tion, PLD1 and VEGF protein expression were measured using 
western blotting analysis. The results demonstrated that over-
expression of miR‑638 significantly reduced PLD1 and VEGF 
protein expression in osteosarcoma cells compared with the 
control group (Fig. 4). 

Downregulation of miR‑638 inhibits apoptosis, and 
promotes cell growth and invasion of osteosarcoma cells. 
To further verify the function of miR‑638 in apoptosis of 
osteosarcoma cells, miR‑638 expression was downregulated 
using anti‑miR‑638 mimics. The expression of miR‑638 was 
significantly lower in the anti‑miR‑638 group compared with 
the control group. In addition, downregulation of miR‑638 
significantly inhibited apoptosis, and significantly promoted 
cell proliferation (at 48 and 72 h) and invasion of osteosarcoma 
cells compared with the control (Fig. 5).

Downregulation of miR‑638 affects caspase‑3 activity and 
Bax and cyclin D1 protein expression in osteosarcoma cells. 
Downregulation of miR‑638 significantly reduced caspase‑3 

activity and Bax protein expression, and significantly increased 
cyclin D1 protein expression in osteosarcoma cells compared 
with the control group (Fig. 6). 

Downregulation of miR‑638 affects PLD1 and VEGF 
protein expression in osteosarcoma cells. It was investigated 
whether miR‑638 downregulation affected PLD1 and VEGF 
protein expression in osteosarcoma cells. Downregulation 
of miR‑638 significantly increased PLD1 and VEGF protein 
expression in osteosarcoma cells compared with the control 
group (Fig. 7). 

Promotion of PLD1 expression induces PLD1 protein 
expression in osteosarcoma cells following microRNA‑638. In 
order to evaluate the association between miR‑638 and PLD1 
in human osteosarcoma, PLD1 expression was promoted 
using PLD1 plasmids. As indicated in Fig. 8, PLD1 and VEGF 
protein expression were significantly increased in osteosar-
coma cells following promotion of microRNA‑638 + PLD1 as 
compared with the miR‑638 group. 

Promotion of PLD1 expression affects cell apoptosis, cell 
growth and invasion of osteosarcoma cells following miR‑638 
transfection. Promotion of PLD1 expression significantly 
increased cell proliferation (at 48 and 72 h) and invasion, 
and significantly reduced cell apoptosis of osteosarcoma 
cells following miR‑638 transfection, as compared with the 
miR‑638 group (Fig. 9). 

Promotion of PLD1 expression affects caspase‑3 activity 
and Bax and cyclin D1 protein expression in osteosarcoma 
cells following miR‑638 transfection. The promotion of PLD1 
expression significantly suppressed caspase‑3 activity and 
Bax protein expression, and significantly increased cyclin D1 
protein expression in osteosarcoma cells following miR‑638 
transfection, as compared with the miR‑638 group (Fig. 10). 

Discussion 

In recent years, the treatment of osteosarcoma has developed 
in two aspects. One is the application of comprehensive 
treatment based on neoadjuvant chemotherapy  (13). The 
other is the development of limb salvage surgery  (13), 
which greatly reduces amputation rate. In the future a 
surgery‑based comprehensive treatment of osteosarcoma 
should be adopted, which includes surgery, chemotherapy 
and radiotherapy (14). Early diagnosis, careful preoperative 
typing, and standardized treatment of osteosarcoma can 
significantly improve the prognosis of osteosarcoma 
patients (15). 

In the present study, it was demonstrated that miR‑638 
serum level was downregulated in patients with osteosarcoma 
compared with the normal group. Cheng et al (11) observed 
that miR‑638 inhibits cell proliferation in human gastric carci-
noma. However, in the present study, only six samples were 
obtained, which was insufficient for this type of investigation. 
A larger number of clinical samples will be used in a future 
study. 

Osteosarcoma is a type of vascular malignant tumor. 
Previous research has indicated that VEGF expression 

Figure 1. MicroRNA‑638 expression in patients with osteosarcoma. Control, 
healthy volunteers; Osteosarcoma, patients with osteosarcoma. *P<0.01 vs. 
Control.
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level is significantly correlated with microvessel density 
and metastasis of osteosarcoma (10). However, there is also 
research suggesting that the correlation may be attributed to 
a large tumor being dependent on mature blood vessel func-
tionality (16). A previous study reported that the beneficial 
survival conditions of osteosarcoma were associated with 
increased microvessel density in osteosarcoma  (9). In the 
present study, it was identified that miR‑638 was downregu-
lated in osteosarcoma and in vitro studies indicated that this 
was associated with increased protein expression of PLD1 and 
VEGF. Cheng et al  (11) identified that the downregulation 
of miR‑638 promotes angiogenesis and growth by targeting 
VEGF in hepatocellular carcinoma. In the present study, only 
an osteosarcoma cell line MG63 was used, which was insuffi-
cient for this type of study. Additional osteosarcoma cell lines 
will be used in future studies. 

VEGF increased the activity of matrix metalloproteinases 
(MMPs) and fibrinolytic enzymes and suppressed VEGF 
degradation of the extracellular matrix by binding with 
MMPs on the cell membrane (17). VEGF also has an induc-
tive effect on anti‑apoptosis factors Bcl‑2 and survivin, which 
can induce the proliferation of vascular endothelium (18). 
Abnormal proliferation and uncontrolled differentiation of 
cells are the basic pathological mechanisms of malignant 
tumors (19). It has been reported that the abnormal prolifera-
tion and differentiation of cells are associated with imbalances 
in the mechanism of apoptosis (18). Research has indicated 
that the Bcl‑2 family serves a key function in regulating 
apoptosis  (18). When the normal apoptosis mechanism is 
disrupted, tumors may occur. Bcl‑2 is an apoptosis suppressor 
gene and also serves as an important proto‑oncogene by 
acting on the signal transduction pathway of apoptosis (18). 

Figure 3. Overexpression of micrsoRNA‑638 affects Bax, caspase‑3 and cyclin D1 protein expression in osteosarcoma cells. (A) Caspase‑3 activity. Relative 
(B) Bax and (C) cyclin D1 protein expression was evaluated by (D) western blotting analysis in osteosarcoma cells. *P<0.01 vs. Control. Control, negative 
control group; MicroRNA‑638, overexpression of microRNA‑638 group; Bax, Bcl‑2‑associated X protein.

Figure 2. Overexpression of microRNA‑638 induces apoptosis, and inhibits cell proliferation and invasion of osteosarcoma cells. (A) MicroRNA‑638 
expression. (B) Cell proliferation. (C) Cell apoptosis. (D and E) Cell invasion (magnification, x100). *P<0.01 vs. Control. Control, negative control group; 
MicroRNA‑638, overexpression of microRNA‑638 group; FCM, flow cytometry; OD, optical density.
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Bcl‑2 can inhibit cell apoptosis and prolong the survival of 
cells. Thus, it creates an opportunity for the development of 
tumors (5). Bcl‑2 family proteins are divided into two types: 
Pro‑apoptosis and anti‑apoptosis. Bax is a promoting apop-
tosis member, while Bcl‑2 is an anti‑apoptosis member (5). 
Bcl‑2 regulates apoptosis and further activates caspase signal 
cascades by targeting cell mitochondria (5). The present study 
indicated that the promotion of PLD1 decreased the effects of 
miR‑638 on osteosarcoma cell proliferation. MiR‑638 may 
affect MMPs, particularly MMP‑2 and ‑9, to influence inva-
sion activity. Thus, the protein expression of MMP‑2 and ‑9 
will be investigated in future studies.

Cyclin D1 is a key molecule for cells to transform from G1 
phase to S phase (20). siRNA targeting Cyclin D1 can interfere 
with the expression of Cyclin D1 (21). This leads to tumor 
cell arrest in G1 phase. Inhibition of Cyclin D1 expression 

can change the distribution pattern of the cell cycle (21). The 
proportion of G0/1 phase increases, S phase decreases and 
G1/S increases significantly, indicating cell cycle arrest at 
G1/S. In the present study, it was identified that overexpres-
sion of miR‑638 suppressed cyclin D1 protein expression in 
osteosarcoma. Li et al (22) indicated that miR‑638 inhibits cell 
proliferation and migration through cyclin D1 expression.

In conclusion, the results of the current study indicate that 
miR‑638 may serve a function in tumor growth and metastasis 
by suppressing osteosarcoma cell proliferation in an in vitro 
model. The present study demonstrates the importance of 
miR‑638/PLD1/VEGF signaling in osteosarcoma development.
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Figure 4. Overexpression of microRNA‑638 affects PLD1 and VEGF protein expression in osteosarcoma cells. (A) Western blotting analysis. (B) Relative 
VEGF expression. (C) Relative PLD1 expression. *P<0.01 vs. Control. Control, negative control group; MicroRNA‑638, overexpression of microRNA‑638 
group; PLD1, phospholipase D1; VEGF, vascular endothelial growth factor.

Figure 5. Downregulation of microRNA‑638 inhibited apoptosis, and promoted cell growth and invasion of osteosarcoma cells. (A) MicroRNA‑638 
expression. (B) Cell proliferation. (C) Cell apoptosis. (D and E) Cell invasion (magnification, x100). *P<0.01 vs. Control. Control, negative control group; 
Anti‑microRNA‑638, downregulation of microRNA‑638 group; FCM, flow cytometry; OD, optical density.
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Figure 7. Downregulation of microRNA‑638 affects PLD1 and VEGF protein expression in osteosarcoma cells. (A) Western blotting analysis. (B) Relative VEGF 
expression. (C) Relative PLD1 expression. *P<0.01 vs. Control. Control, negative control group; Anti‑microRNA‑638, downregulation of microRNA‑638 group; 
PLD1, phospholipase D1; VEGF, vascular endothelial growth factor.

Figure 8. Promotion of PLD1 expression induces PLD1 and VEGF protein expression in osteosarcoma cells following microRNA‑638 overexpression. 
(A) Western blotting analysis. (B) Relative VEGF expression. (C) Relative PLD1 expression. *P<0.01 vs. Control; **P<0.01 vs. MicroRNA‑638 group. Control, 
negative control group; MicroRNA‑638, overexpression of microRNA‑638 group; PLD1, overexpression of microRNA‑638 and phospholipase D1 group; 
VEGF, vascular endothelial growth factor.

Figure 6. Downregulation of microRNA‑638 affects Bax, caspase‑3 and cyclin D1 protein expression in osteosarcoma cells. (A) Caspase‑3 activity. Relative 
(B) Bax and (C) cyclin D1 protein expression was evaluated by (D) western blotting analysis in osteosarcoma cells. *P<0.01 vs. Control. Control, negative 
control group; Anti‑microRNA‑638, downregulation of microRNA‑638 group; Bax, Bcl‑2‑associated X protein.
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Figure 9. Promotion of PLD1 expression affects cell apoptosis, cell proliferation and invasion of osteosarcoma following microRNA‑638 overexpression. 
(A) Cell proliferation. (B) Cell apoptosis. (C and D) Cell invasion (magnification, x100). *P<0.01 vs. Control; **P<0.01 vs. MicroRNA‑638 sgroup. Control, 
negative control group; MicroRNA‑638, overexpression of microRNA‑638 group; PLD1, overexpression of microRNA‑638 and phospholipase D1 group; OD, 
optical density; FCM, flow cytometry.

Figure 10. Promotion of PLD1 expression affects Bax, caspase‑3 and cyclin D1 protein expression in osteosarcoma cells following microRNA‑638 overexpres-
sion. (A) Caspase‑3 activity. Relative (B) Bax and (C) cyclin D1 protein expression was evaluated by (D) western blotting analysis in osteosarcoma cells. 
*P<0.01 vs. Control; **P<0.01 vs. MicroRNA‑638 group. Control, negative control group; MicroRNA‑638, overexpression of microRNA‑638 group; PLD1, 
overexpression of microRNA‑638 and phospholipase D1 group; Bax, Bcl‑2‑associated X protein.
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