
972

Abstract. – OBJECTIVE: MicroRNAs are en-
dogenous, non-coding small RNAs that are ca-
pable of regulating biological and pathological 
processes. Previous studies have shown that 
microRNA-1269a serves as an oncogene. How-
ever, the role of microRNA-1269a in the patho-
genesis of osteosarcoma (OS) has not been 
reported. The aim of this work was to investi-
gate the expression characteristics of microR-
NA-1269a in OS and to further study its regula-
tory effects on the malignant progression of OS.

PATIENTS AND METHODS: The expression of 
microRNA-1269a in 61 pairs of OS tissues and 
para-cancerous tissues was detected by quan-
titative Real Time-polymerase Chain Reaction 
(qRT-PCR). Chi-square test was used to analyze 
the relationship between microRNA-1269a ex-
pression and the characteristics of OS patients, 
including age, sex, clinical stage and distant 
metastasis. Subsequently, microRNA-1269a ex-
pression in OS cell lines was detected as well. 
After knockdown of microRNA-1269a by con-
structing relevant small interference RNA, bio-
logical performances of MG63 and U2OS cells 
were accessed by cell counting kit-8 (CCK-8), 
colony formation and transwell assay. Mean-
while, the protein expressions of key genes in 
the EMT/Smad pathway were detected by West-
ern blot. Finally, si-TGF-β1 (transforming growth 
factor-β1) was transfected into OS cells, and cell 
migration and invasion were detected by tran-
swell assay.

RESULTS: MicroRNA-1269a was highly ex-
pressed in OS tissues compared with para-can-
cerous tissues. High expression of microR-
NA-1269a was positively correlated with young 
OS patients and high rate of distant metastasis, 
whereas was not correlated with age, sex and 
Enneking stage. Kaplan-Meier survival curves 
showed that high expression of microRNA-1269a 
was significantly associated with poor progno-
sis of OS. The knockdown of microRNA-1269a 
in MG63 and U2OS cells significantly inhibited 
cell proliferation, migration and invasion. Mean-

while, microRNA-1269a knockdown in OS cells 
markedly downregulated the expressions of 
TGF-β1, p-Smad2, p-Smad3, N-cad, Vimentin 
and MMP9. Furthermore, TGF-β1 knockdown re-
markably decreased migratory and invasive abil-
ities of OS cells. 

CONCLUSIONS: MicroRNA-1269a is highly ex-
pressed in OS, which is remarkably correlated 
with tumor stage, distant metastasis and poor 
prognosis of OS. In addition, microRNA-1269a 
promotes the malignant progression of OS by 
regulating TGF-β1 expression.
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gression.

Introduction

Osteosarcoma (OS) is the most common pri-
mary malignancy. In recent years, the incidence 
of OS has gradually increased, accounting for 
20% of all primary malignancies1-3. OS is parti-
cularly common among adolescents and children, 
especially in those with 15-19 years old, with a 
prevalence of 5% of childhood tumors4. OS ori-
ginates from immature tissues, such as osteoid 
tissue and mesenchymal tissue. Due to the rapid 
differentiation, proliferation, growth and invasion 
of OS cells, normal skeletal tissues are often af-
fected and destroyed by malignant OS tissues5. 
As a bone tumor, OS frequently occurs in the 
proximal end of the long bone and the active end 
of the epiphysis. Meanwhile, it seriously affects 
the life quality of OS patients1,6. Although impro-
ved surgical resection, adjuvant radiotherapy and 
chemotherapy techniques can achieve extensive 
removal of OS tissues and affected extremities, 
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the recurrence rate and mortality of OS remain 
high2,6. High malignancy and metastatic rate re-
sult in the poor prognosis of OS patients6,7. It is 
estimated that the 5-year survival of postopera-
tive OS patients is only 10%. About 40% of OS 
patients die from lung metastasis. Hence, it is of 
great significance to search for more efficient the-
rapeutic targets for OS, thereby improving its cli-
nical outcomes8-10.

The incidence of OS results from a complex 
network instead of a single mutation or deletion. 
The interaction of multiple unstable genome and 
proteins at the genetic level altogether leads to 
the pathogenesis of OS11-13. So far, drugs targe-
ting the immune system, intracellular and extra-
cellular signaling for OS therapy have been well 
explored14,15. In recent years, microRNAs, a small 
non-coding ribonucleic acid containing about 22 
nucleotides, have been found to be crucial in the 
process of tumor pathophysiology16. 

MicroRNAs are a class of newly discovered 
non-coding small RNAs with approximately 19-
22 nucleotides in length, which are widely found 
in eukaryotes16,17. Most microRNAs originate 
from gene spacer sequence, and are distributed 
in single-copy, multi-copy and other forms. By 
completely or incompletely binding to the 3’UTR 
of target genes, microRNAs degrade or inhibit 
the translation of the corresponding target ge-
nes. They may eventually regulate cell prolife-
ration, apoptosis and differentiation17,18. Unlike 
siRNA, microRNAs have multiple target genes. 
Meanwhile, their regulations on cell proliferation, 
apoptosis and cell cycle are close to physiological 
conditions19. Studies have shown the involvement 
of microRNAs in the incidence and development 
of human diseases, especially in tumor diseases20. 
It is suggested that the functions of different types 
of microRNAs vary greatly, and they may serve 
as oncogenes or tumor-suppressor genes21. Mi-
croRNA-1269a is highly expressed in a variety of 
malignant tumors as an oncogene22. In this study, 
we examined the expression of microRNA-1269a 
in OS tissues and cell lines. Moreover, we also 
explored its potential role in the development of 
OS. Our study aimed to provide new directions 
for the treatment of OS. 

Transforming growth factor-β (TGF-β1) is a 
member of the TGF superfamily, and its poten-
tial role in tumors has been well concerned23. It 
is reported that TGF-β1 is highly expressed in 
multiple malignant tumors, such as colon cancer, 
bladder cancer, ovarian cancer, kidney cancer, 
lymphoma, etc. TGF-β1 also exerts an essential 

role in tumor invasion and metastasis24-26. The 
effects of TGF-β1 on tumors are not only com-
plicated, but also contradictory. In the early stage 
of tumorigenesis, TGF-β1 can inhibit cell proli-
feration, initiate cell differentiation and induce 
apoptosis. However, TGF-β1 promotes the inva-
sion and metastasis of tumor cells during the ma-
lignant transformation27. Therefore, we specula-
ted whether microRNA-1269a regulated TGF-β1 
expression, thereafter influencing the biological 
performances of OS. 

Patients and Methods

Patients and OS Samples
61 OS patients who underwent surgical re-

section in our hospital were enrolled, including 39 
male and 22 female cases aged 6-48 (mean age of 
22.24±9.58 years). All patients were diagnosed and 
confirmed as OS. No significant differences in age 
and gender were found in these patients. OS tissues 
and para-cancerous tissues were harvested and 
preserved in -80°C. Informed consent was obtai-
ned from enrolled patients and their families. This 
study was approved by the Ethics Committee.

Cell Lines
OS cell lines (HOS, U2OS, SOSP-9607, MG63, 

143B and SaOS-2) and human osteoblast cell line 
(hFOB) were obtained from the American Type 
Culture Collection (ATCC) (Manassas, VA, USA). 
Cells were cultured in Roswell Park Memorial 
Institute-1640 (RPMI -1640) (HyClone, South 
Logan, UT, USA) containing 10% fetal bovine se-
rum (FBS) (Gibco, Grand Island, NY, USA) and 
maintained in a 5% CO2 incubator at 37°C. Culture 
medium was replaced every 2-3 days. Cell passage 
was performed until 90% of confluence. 

Cell Transfection
Negative control (si-NC) and si-microR-

NA-1269a were provided by GenePharma Biote-
chnology Co., Ltd. (Shanghai, China). Cells were 
first seeded into 6-well plates. When the confluen-
cy was up to 70%, cell transfection was perfor-
med according to the manufacturer’s instructions 
of Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA). Cells were harvested 48 h later for the 
following experiments.

Cell Counting Kit-8 (CCK-8)
48 h after transfection, OS cells were seeded 

into 96-well plates with 2000 cells per well. After 
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culturing for 6 h, 24 h, 48 h and 72 h, respecti-
vely, CCK-8 (Dojindo Laboratories, Kumamoto, 
Japan) reagent was added in each well, followed 
by incubation for 2 h in the dark. Finally, the opti-
cal density (OD) value of each well was measured 
using a microplate reader.

Colony Formation Assay
48 h after transfection, OS cells were seeded 

into 6-well plates with 200 cells per well. OS cel-
ls were cultured in complete medium for 2 we-
eks. Culture medium should not be replaced in 
the first week to prevent discarding un-adherent 
cells. Meanwhile, the medium was replaced twice 
in the second week. Until colony formation, the 
cells were washed with phosphate-buffered saline 
(PBS) twice and fixed with 2 ml of methanol for 
20 min. Subsequently, the cells were washed with 
PBS and stained with 0.1% crystal violet staining 
solution for 20 min. Finally, formed colonies were 
observed and captured using a microscope. 

Transwell Assay
48 h after transfection, OS cells were digested 

and re-suspended in serum-free medium. Cell 
density was adjusted to 5.0×105/mL. Transwell 
chamber containing Matrigel (BD Biosciences, 
Franklin Lakes, NJ, USA) or not was placed in 
24-well plates. 200 μL of cell suspension contai-
ning 1.0×105 cells was added to the upper cham-
ber. Meanwhile, 700 μl of medium containing 
20% FBS was added to the lower chamber. 48 
hours later, the chamber was removed, and the 
cells were fixed with 4% paraformaldehyde for 15 
min. After washing the cells, they were stained 
with 0.2% crystal violet for 20 min. The inner 
layer cells were carefully removed. 10 fields were 
randomly selected for each sample. The cells were 
captured, and the number of penetrating cells was 
calculated. 

Quantitative Real Time-polymerase Chain 
Reaction (qRT-PCR)

Total RNA was extracted from OS cell lines 
and tissues using TRIzol reagent (Invitrogen, Car-
lsbad, CA, USA). Extracted RNA was reversely 
transcribed into cDNA using Primescript RT Rea-
gent (TaKaRa, Otsu, Shiga, Japan). QRT-PCR was 
performed using SYBR® Premix Ex TaqTM (Ta-
KaRa, Otsu, Shiga, Japan), and StepOne Plus Re-
al-Time PCR System (Applied Biosystems, Foster 
City, CA, USA). Primers used in this study were 
as follows: microRNA-1269a: 5’-CCCTCACA-
GCAATTTTATAGCATCT-3’; U6: 5’-TGCGG-

GTGCTCGCTTCGGCAGC-3’; TGF-β1: forward: 
5’-CTCTCCGACCTGCCACAGA-3’, reverse: 
5’-AACCTAGATGGGCGCGATCT-3’; β-actin: 
forward: 5’-CCTGGCACCCAGCACAAT-3’, re-
verse: 5’-TGCCGTAGGTGTCCCTTTG-3’. The 
relative expression levels of mRNAs were calcu-
lated by the 2-ΔΔCt method and analyzed by ABI 
Step One software.

Western Blot
OS cells were lysed, shaken on ice for 30 min 

and centrifuged at 4°C, 14000 g/min for 15 min. 
The concentration of total protein was determined 
using the bicinchoninic acid (BCA) protein deter-
mination kit (Peirce, Rockford, IL, USA). The 
extracted protein was separated by 10% sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred onto poly-
vinylidene difluoride (PVDF) membranes (Mil-
lipore, Billerica, MA, USA). Western blot was 
conducted according to the standard procedures. 
Primary antibodies (TGF-β1, p-Smad2, p-Smad3, 
N-cad, Vimentin, MMP9 and GAPDH) and se-
condary antibodies (anti-mouse and anti-rabbit) 
were provided by Cell Signaling Technology 
(Danvers, MA, USA).

Statistical Analysis
GraphPad Prism 6 V6.01 software (La Jolla, 

CA, USA) was used for all statistical analyses. 
Data were expressed as mean ± standard devia-
tion. t-test was used to compare the difference 
between the two groups followed by Least Si-
gnificant Difference as the Post-hoc test. Kaplan-
Meier method was used to calculate the survival 
time of OS patients, and the difference betwe-
en the curves was compared by Log-rank test. 
p<0.05 was considered statistically significant.

Results

MicroRNA-1269a was Highly Expressed 
in OS Tissues and Cell Lines

We first examined the expression of microR-
NA-1269a in 61 pairs of OS tissues and para-can-
cerous tissues by qRT-PCR. The results showed 
that microRNA-1269a was highly expressed in 
OS tissues when compared with the para-can-
cerous ones, and the difference was statistically 
significant (Figure 1A, 1B). Similarly, microR-
NA-1269a expression in OS cell lines was deter-
mined as well. Compared with human osteoblast 
cell line (hFOB), microRNA-1269a was highly 
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expressed in OS cells, and the difference was sta-
tistically significant (Figure 1C). Among them, 
MG63 and U2OS cell lines expressed the highest 
level of microRNA-1269a, which were selected 
for subsequent experiments.

MicroRNA-1269a Expression was 
Correlated with Clinical Stage, Lymph 
Node Metastasis, Distant Metastasis, 
and Overall Survival in OS Patients

Based on the expression of microRNA-1269a 
in OS tissues, OS patients were divided into the 
high expression group and the low expression 
group. The number of patients in each group was 
recorded. Chi-square test was used to analyze the 
relationship between microRNA-1269a expres-
sion and the clinical characteristics of OS patien-
ts, including age, sex, clinical stage and distant 
metastasis. As shown in Table I, high expression 
of microRNA-1269a was positively correlated 
with young OS patients and high rate of distant 
metastasis, whereas was not correlated with age, 
sex and Enneking stage. Subsequently, follow-up 
data were collected to explore the relationship 

between microRNA-1269a expression and the 
prognosis of OS patients. Kaplan-Meier survival 
curves showed that high expression of microR-
NA-1269a was significantly associated with poor 
prognosis of OS patients. The higher expression 
level of microRNA-1269a indicated remarkably 
worse prognosis of OS (p<0.05) (Figure 1D). 
These results indicated that microRNA-1269a 
might serve as a new biological indicator for pre-
dicting OS prognosis.

Knockdown of MicroRNA-1269a 
Inhibited Cell Proliferation 

To explore the effect of microRNA-1269a on 
the proliferation of OS cells, we first constructed 
the microRNA-1269a interference model. Me-
anwhile, the transfection efficiency of si-microR-
NA-1269a was determined (Figure 2A, 2B). The 
CCK-8 results found that OS cells transfected 
with si-microRNA-1269a present a significant-
ly decreased proliferative rate than those tran-
sfected with si-NC (Figure 2C, 2D). Similarly, 
microRNA-1269a knockdown remarkably decre-
ased the colony formation ability of the OS cells 

Figure 1. MicroRNA-1269a was highly expressed in OS tissues and cell lines. A-B, MicroRNA-1269a expression in OS 
tissues and para-cancerous tissues detected by qRT-PCR. C, MicroRNA-1269a expression in OS cell lines. D, Survival curves 
of microRNA-1269a expression in OS patients. Data were expressed as mean ± SD, *p<0.05, **p<0.01, ***p<0.001. 

RE
TR

ACT
ED



S.-N. Yu, Y.-Y. Miao, B.T. Zhang, Y.-M. Dai, L. Liu, Z.-L. Gao, G.-F. Liu

976

sed, suggesting the inhibited migratory and inva-
sive abilities (Figure 3A, 3B). Similar results were 
obtained in U2OS cells (Figure 3C, 3D). 

TGF-β1 Modulated MicroRNA-1269a 
Expression in Human Osteosarcoma Cells

To further explore the mechanism of microR-
NA-1269a in promoting the malignant progression 
of OS, we found a possible relationship between 
TGF-β1 and microRNA-1269a through bioinfor-

(Figure 2E). 

Knockdown of MicroRNA-1269a 
Inhibited Cell Migration and Invasion

Transwell assay was conducted to explore the 
regulatory effect of microRNA-1269a on the mi-
gratory and invasive abilities of OS cells. Compa-
red with MG63 cells transfected with si-NC, the 
number of penetrating cells in those transfected 
with si-microRNA-1269a was markedly decrea-

Figure 2. Knockdown of microRNA-1269a inhibited cell proliferation. A-B, Transfection efficacy of si-microRNA-1269a. 
C-D, Proliferative rate of MG63 and U2OS cells detected by CCK-8 assay after transfection of si-microRNA-1269a. E-F, Colony 
formation of MG63 and U2OS cells after transfection of si-microRNA-1269a. Data were expressed as mean ± SD, *p<0.05. 
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4A). Additionally, TGF-β1 was also lowly expres-
sed in OS cell lines than that of hFOB cell line 
(Figure 4B). Subsequently, we selected 16 pairs 
from 61 pairs of OS tissues and para-cancerous 
tissues to explore the correlation between mi-
croRNA-1269a and TGF-β1. QRT-PCR data indi-

matics analysis. QRT-PCR and Western blot re-
sults detected the mRNA and protein expressions 
of TGF-β1 in 61 pairs of OS tissues and para-can-
cerous tissues. Compared with para-cancerous 
tissues, TGF-β1 was lowly expressed in OS tis-
sues at both mRNA and protein levels (Figure 

Figure 3. Knockdown of microRNA-1269a inhibited cell migration and invasion. A-B, Invasive and migratory abilities 
in MG63 cells after transfection of si-microRNA-1269a. C-D, Invasive and migratory abilities in U2OS cells after transfection 
of si-microRNA-1269a. Data were expressed as mean ± SD, **p<0.01. 

Table I. Association of miR-1269a expression with clinicopathologic 
	 miR-1269a expression	

Parameters 	 Number of cases	 Low (%)	 High (%)	 p-value	

Age (years) 				    0.032
  <21	 27	 10	 17	
  ≥21	 34	 22	 12	
Gender				    0.806 
  Male	 39	 19	 20	
  Female	 22	 10	 12	
Enneking stage				    0.796
  IA	 8	 4	 4	
  IIA	 15	 5	 10	
IIB	 29	 9	 20	
  III	 9	 3	 6	
Distance metastasis				    0.048 
  No	 34	 20	 14	
  Yes	 27	 9	 18	

characteristics.of osteosarcoma.
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cated that the expression of microRNA-1269a was 
negatively correlated with TGF-β1 expression in 
OS tissues (Figure 4C).

Furthermore, small interference plasmid of 
TGF-β1 was constructed. The transfection ef-
ficacy of si-TGF-β1 was verified by qRT-PCR 
and Western blot (Figure 5A, 5B). Further resul-
ts showed that knockdown of TGF-β1 markedly 
decreased the migratory and invasive abilities of 
both MG63 and U2OS cells (Figure 5C, 5D). 

Knockdown of MicroRNA-1269a 
Downregulated Expressions of Key 
Genes in EMT/Smad Pathway

To analyze the potential mechanism of mi-
croRNA-1269a in regulating the biological 
performances of OS cells, we detected the 
expressions of relative genes in the EMT/Smad 
pathway. Western blot results revealed that mi-

croRNA-1269a knockdown in OS cells markedly 
downregulated the protein expression levels of 
TGF-β1, p-Smad2, p-Smad3, N-cad, Vimentin 
and MMP9 (Figure 4D). 

Discussion

OS is a primary malignancy with high hetero-
geneous, which mainly affects adolescents and 
children1,4. Long bones, such as femur, tibia, fi-
bula and ilium, are frequently involved in OS. 
The prognosis and survival rate of OS patients 
remain poor even after surgery4,6. Currently, sur-
gery combined with multiple chemotherapy drugs 
is the preferred treatment for OS. However, drug 
resistance and adverse events resulted from che-
motherapy drugs, including methotrexate, doxo-
rubicin, cisplatin and ifosfamide, have greatly 

Figure 4. TGF-β1 modulated microRNA-1269a expression in human osteosarcoma cells. A, TGF-β1 expression in OS tis-
sues and para-cancerous tissues. B, TGF-β1 expression in OS cells. C, MicroRNA-1269a expression was negatively correlated 
with TGF-β1 expression in OS cells. D, Knockdown of microRNA-1269a downregulated the expressions of TGF-β1, p-Smad2, 
p-Smad3, N-cad, Vimentin and MMP9 in OS cells. Data were expressed as mean ± SD, *p<0.05, **p<0.01, ***p<0.001. 
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restricted their therapeutic efficiency8,9. Therefo-
re, it is urgent to fully elucidate the pathogenesis 
of OS to search for novel therapeutic targets11,12. 
Explorations on the molecular mechanism, inte-
raction between genome and proteome, as well 
as intracellular signaling pathways lay the solid 
foundation for developing a new treatment for 
OS14. Furthermore, ideal treatment should reduce 
the rate of lung metastasis and tumor recurrence, 
thereby improving the survival rate of OS12,15. 

Site-specific gaps or cleavage regions that oc-
cur on the metaphase chromosomes of microR-

NA-1269a are regions of genomic instability22. 
Fragile sites are usually stable in somatic cells, 
but are deleted or rearranged in many tumor cel-
ls. MicroRNAs near the fragile sites are closely 
related to tumorigenesis, often accompanied by 
chromosome breakage19,20. Previous studies have 
found that under pathological conditions, mi-
croRNA-1269a is closely related to the malignant 
progression of tumor cells. MicroRNA-1269a 
can regulate cell cycle, tumor invasion, hema-
topoietic differentiation, immune response and 
other biological functions16-18. Multiple target 

Figure 5. TGF-β1 effect on the migration and invasion of OS. A-B, Transfection efficacy of TGF-β1. C-D, Migration and 
invasion of of MG63 and U2OS cells after knockdown of TGF-β1. Data were expressed as mean ± SD, *p<0.05, **p<0.01, 
***p<0.001. 
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genes of microRNA-1269a form a complex 
network regulation system, including c-Myc, 
BNIP3, IRS-1 and other cell cycle-related ge-
nes. This may eventually affect the incidence 
and development of tumors19,21,22. However, the 
effects of microRNA-1269a on OS cells and its 
specific mechanism have not been reported yet. 
Previous studies have mostly focused on the role 
of microRNA-1269a in regulating the prolifera-
tion and apoptosis of tumor cells. Few studies 
have reported the regulatory effects of microR-
NA-1269a on cell invasion and metastasis. The 
strong invasive and metastatic abilities of OS are 
the main reasons for its poor prognosis. In this 
work, we explored the role of microRNA-1269a in 
the proliferation, invasion and metastasis of OS 
cells. The results showed that microRNA-1269a 
was highly expressed in OS tissues, which was 
correlated with tumor stage, lymph node meta-
stasis, distant metastasis and poor prognosis. We 
observed that microRNA-1269a might be an on-
cogene in the OS development. Furthermore, the 
knockdown of microRNA-1269a significantly 
inhibited the proliferation, migration and inva-
sion of OS cells. However, the specific mechani-
sm remains unclear. 

The TGF-β superfamily is a type of cytokines 
with multiple biological effects. Mature TGF-β 
includes 5 subtypes, namely TGF-β1-5. Among 
them, TGF-β1 is currently known to be asso-
ciated with malignant tumors23,24. Meanwhile, 
TGF-β1 exerts a dual effect on tumors. In the 
early stage of tumorigenesis, it can inhibit the 
proliferation of tumor cells. However, it promo-
tes the proliferation of tumor cells in the advan-
ced stage25,26. In addition, besides TGF-β1 itself, 
TGF-β1 receptor (TβR) and Smad are also im-
portant in tumorigenesis27. In this experiment, 
rescue experiments found that there was a mu-
tual regulation between microRNA-1269a and 
TGF-β1. In-depth researches on the regulatory 
role of TGF-β1 in the incidence and progres-
sion of tumors may contribute to improving the 
diagnosis, treatment and prognosis of tumors. 
This undoubtedly brings good news to tumor 
patients and their families.

To verify whether microRNA-1269a promoted 
the pathological progression of OS by regulating 
TGF-β1, we detected the TGF-β1 expression in 
OS cells after microRNA-1269a knockdown. Our 
study indicated that the TGF-β1 expression was 
regulated by microRNA-1269a, showing that mi-
croRNA-1269a promoted the malignancy of OS 
probably  by regulating TGF-β1. 

Conclusions

We showed that microRNA-1269a is highly 
expressed in OS, which is remarkably correlated 
with tumor stage, distant metastasis and poor pro-
gnosis of OS. In addition, microRNA-1269a pro-
motes the malignant progression of OS by regula-
ting TGF-β1 expression. 
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