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Abstract 

Background: MicroRNAs have been recently declared to be contributed to the various aspects of osteosarcoma cells, including growth 
and survival, apoptosis, invasion, and chemoresistance. 
Objectives: The present study aimed to investigate the potentiating effects of miR-129 on the chemosensitivity of Saos-2 osteosarcoma 
cells to methotrexate (MTX) and underlying mechanisms. 
Methods: Saos-2 cells were transfected with miR-129 mimics for 48 h. The cytotoxic effects of miR-129 and MTX on Saos-2 cells were 
measured using MTT assay. Moreover, a scratch wound healing assay was used to evaluate cell migration, and the apoptosis rate of cancer 
cells was also measured using ELISA Cell Death Assay and flow cytometry. Eventually, the mRNA expression levels of target genes were 
measured using quantitative RT-PCR. 
Results: The findings of the study revealed that miR-129 mimic transfection significantly increased the expression levels of this miRNA in 
Saos-2 cells (P<0.05) and that the combination of MTX with miR-129 transfection led to the enhanced cytotoxic effects of MTX in lower 
concentrations. miR-129 significantly increased MTX-induced apoptosis levels and decreased the invasive behavior of Saos-2 cells. 
Eventually, the mRNA expression levels of c-Myc, K-Ras, CXCR4, MMP9, and ADAMTS, as the main genes involved in chemoresistance and 
cell invasion, were downregulated in miR-129 transfected cells.  
Conclusion: The obtained results revealed the important role miR-129 plays in the sensitivity of osteosarcoma cells to MTX and its 
underlying mechanisms. Therefore, miR-129 might be an appropriate candidate for reversing MTX resistance in osteosarcoma cells. 
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1. Background 

Osteosarcoma, as highly progressive bone cancer, 
is considered as one the most prevalent cancer types 
in humans and its incidence rate is increasing 
worldwide (1,2). It is ranked among eight top cancers 
in young adults, adolescents, and teenagers (3,4). The 
incidence rate of osteosarcoma is higher in males, 
compared to females (5). Currently, surgery in 
combination with the chemotherapeutic regime, 
including methotrexate (MTX) and tomudex has been 
standardized as the most effective therapeutic 
strategy for patients with osteosarcoma, such that the 
five-year survival rates of patients increases up to 
65%‐75% due to ameliorative effects of therapeutic 
interventions on symptoms (6). However, similar to 
other types of human malignancies, there is a low 
response rate to chemotherapeutic drugs in patients 
with osteosarcoma, which eventually leads to the 
recurrence of tumors and clinically unfavorable 
outcomes (7). The development of resistance against 
drugs plays a critical role in the failure of therapeutic 
interventions (8). Therefore, there is an urgent need 
for deciphering and understanding the exact 
molecular mechanisms underlying the acquisition of 
resistance in osteosarcoma (8). Recently, great 
attention has been paid to the involvement of 

microRNAs (miRNAs) in the pathogenesis of 
osteosarcoma. miRNAs are short-length non-coding 
RNAs with a critical function in the regulation of gene 
transcription through binding to the mRNAs and 
suppression of their translation into functional 
proteins (9). In addition to the crucial function of 
miRNAs in cell proliferation, growth, and invasion, it 
is also demonstrated that miRNAs play an essential 
role in the development of drug resistance in 
numerous cancer types (10,11). miR-129 is one the 
most important tumor suppressor miRNAs, which 
potentially inhibits the proliferation, survival, and 
invasion of various cancer cells, as well as cancer cells’ 
resistance to conventional chemotherapeutics (12,13). 
For instance, miR-129 reverses breast cancer  
cells’ resistance to trastuzumab (11). miR-129 also 
increases the sensitivity of non-small cell lung cancer 
cells to chemotherapy (14). Despite the established 
importance of miR-129 in the various aspects of 
osteosarcoma pathogenesis, the effects of miR-129 on 
MTX resistance in osteosarcoma cells and the potential 
mechanisms have not been elucidated (15-17).  

 

2. Objectives 

Therefore, this study aimed to investigate the 
effects of miR-129 transfection on the sensitivity of 
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Saos-2 osteosarcoma cells to MTX and underlying 
mechanisms. 

 

3. Methods 

3.1. Cell culture and miRNA transfection 
Saos-2 osteosarcoma cell line was provided from 

Sun Yat-sen University Cancer Center (Guangzhou, 
China). Saos-2 cells were cultured in the RPMI-1640 
medium containing 10% fetal bovine serum (FBS; 
Gibco, Grand Island, NY, USA) and 1% streptomycin/ 
penicillin solution. Cells were incubated at 37°C  
in 5% CO2, harvested using trypsin–EDTA, and 
passaged every 2–3 days to maintain exponential 
growth. 

For miRNA transfection, miR-129 mimic (5′- 
GGACTTTCTTCATTCACACCG -3′) was designed and 
obtained from GenePharma Biotech (Shanghai, 
China). First, Saos-2 cells were cultured at 5×105 
cells/well to a six-well plate. Afterward, miR-129 
mimic was transfected to cells using Lipofectamine 
(Invitrogen) in accordance with the manufacturer’s 
guidelines. The final concentration of Lipofectamine 
used for miR-129 transfection in Saos-2 cells was 50 
nM. Cells were also transfected with a control miRNA 
(5′- TCCGATCGTGAAGCGTTC -3′).  

 
3.2. Evaluating cell proliferation 

The 3-(4, 5-dimethylthiazol-2-yl)-2,5 diphenyl-
tetrazolium bromide (MTT; Bio Basic Co) assay was 
applied in order to evaluate cell viability following 
the treatment with MTX, miR-129, and combination 
of MTX with miR-129. Initially, Saos-2 cells  
(1×104 cells per well) were exposed to different 
concentrations of MTX (up to 2 µM) and miR-129 (5 
µM) alone or combination after they were seeded at 
96- well plates. Media containing drugs was removed 
after 24 h and cells were incubated with MTT 
solution at 37 °C. Subsequently, the formed formazan 
crystals were solubilized using dimethyl sulfoxide. 
The absorbance of each well was examined at 570 nm 
with a microplate reader (Bio Tek Instruments, USA). 

 
3.3. Scratch wound healing assay 

The effects of miR-129 transfection were 
evaluated on the MTX-mediated suppression of 
cellular invasion in Saos-2 osteosarcoma cells using a 

wound-healing assay. For this purpose, cells were 
seeded into 24-well plates and scraped with pipette 
tips. Subsequent to washing with Phosphate-buffered 
saline (PBS), cells were treated with Control miR, 
miR-129, and afterward were evaluated under phase-
contrast microscope 24, 48, and 72 h post-injury. 
Migrated cells were measured and quantified using 
Image J software. 

 
3.4. ELISA cell death assay 

The ELISA cell death assay, measuring released 
mono- and oligonucleosomes during apoptosis, was 
applied to measure apoptosis levels in Saos-2  
cells. Briefly, cells were cultured in twelve-well 
microplates and exposed to MTX, miR-129, and the 
combination of the two. Cells were harvested and the 
supernatant was collected after 24 hours of 
incubations at 37 °C. Afterward, cell death was 
evaluated using a commercial ELISA kit, according to 
the manufacturer’s protocol. 

 
3.5. Annexin-V/PI flow cytometry 

Flow cytometric analysis of apoptosis was 
performed to determine the effect of MTX, miR-129, 
and their combination on Saos-2 cells. After 
treatment, cells were harvested, washed twice with 
cold PBS, resuspended in 500 μl of binding buffer, 
and  5 μl of annexin V-FITC and 5μl of propidium 
iodide were added. After incubation for 15 min at 
room temperature in the dark, the cells were 
analyzed using a flow cytometer. 

 
3.6. RNA isolation and real-time polymerase chain 
reaction (PCR) 

Total RNA was isolated from the ovaries via Trizol 
reagent (Invitrogen, USA) based on the manufacturer’s 
guidelines. Afterward, complementary DNA templates 
(cDNA) were synthesized using a cDNA synthesis kit 
(Bioneer, Korea). Finally, synthesized cDNA was 
subjected to quantitative real-time PCR (qRT-PCR) in 
duplicate using SYBR Green master mix and Mic qPCR 
cycler. GAPDH was used as the reference gene for all 
samples to normalize the mRNA expression level. The 
results of qRT-PCR were calculated using the 2-ΔΔCT 
method. Sequences of primers used for amplification 
of rat miR-129, K-Ras, c-Myc, CXCR-4, MMP9, ADAMTS, 
and GAPDH have been presented in table 1. 

 
Table 1. Quantitative RT-PCR primers sequences. 

Target gene 
Sequences (5'           3') 

Sense Anti-sense 

miR-129 GGACTTTCTTCATTCACACCG GACCACTGAGGTTAGAGCCA 

CXCR-4 TCTTCCTGCCCACCATCTACTC TGCAGCCTGTACTTGTCCGTC 

K-Ras GTAGTTGGAGCTGGTGGC TTTCACACAGCCAGGAG 

c-Myc AGGCTCTCCTTGCAGCTGCT AAGTTCTCCTCCTCGTCGCA 

MMP9 TCACAAATCCTCCCCAAGTGG GAATGCGCCCTAAATCACTGA 

ADAMTS CCTCAGCCCTTCTGAAAACTTTGCC GGCACCAAGTCCTCCACACCC 

Control miR TCCGATCGTGAAGCGTTC GTGCAGGGTCCGAGGT 

GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA 
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3.7. Statistical analysis 
The data were analyzed in GraphPad Prism 

software (version 6) through the Kolmogorov-
Smirnov test (for the evaluation of the normality of 
the data in groups), one-way analysis of variance 
(ANOVA), and Tukey’s test. Moreover, the data were 
presented as mean± SD, and a p-value less than 0.05 
was considered statistically significant 

 

4. Results 

4.1. The effects of miR-129 mimic transfection on the 
expression levels of miR-129 

The efficacy of miR-129 mimic transfection into 
Saos-2 cells was evaluated by measuring gene 
expression levels of miR-129 using qRT-PCR. The qRT-
PCR was applied 48 h after transfection and the results 
showed that the expression levels of miR-129 were 
significantly higher in transfected cells, compared to 
the controls (P<0.05; Figure 5A). Therefore, miR-129 
mimic transfection was successful and could increase 
the expression levels of this miRNA in Saos-2 cells. In 
addition, transfection with control miR did not exert 
any significant effect on the expression levels of miR-
129 (P>0.05; Figure 5A). 

 
4.2. miR-129 transfection increased the cytotoxic effect 
of MTX in Saos-2 cells 

MTT assay was applied to investigate the 
potentiating impact of miR-129 on the MTX-mediated 
suppression of cellular proliferation. For this purpose, 
Saos-2 cells were treated with 5 µM miR-129 or 5 µM 
Control miR for 24, 48, and 72 h. As shown in Figure 
1A, miR-129 mimic resulted in the time-dependent 
suppression in the cellular proliferation. The most 
potent effect was observed 72 h after miR-129 
transfection. Control miR and reagent used for 
transfection of miRNAs did not change the 
proliferation rate of cells, as compared to controls. In 
addition to miR-129 mimic, cells were treated with 
various concentrations of MTX (0-2 µM) as well. MTX 
affected cell proliferation of Saos-2 cells in a dose-
dependent manner,  such that the treatment of cells 
with 0-0.2 µM dose of MTX did not exert significant 
cytotoxic effects; however, concentrations more than 
0.2 µM resulted in the significant inhibition in cells 
proliferation rate (P<0.05; Figure 1B). The IC50 value 
for MTX was 0.61 µM for Saos-2 cells. In addition, the 
treatment of Saos-2 cells with various concentrations 
of MTX and 5 µM miR-129 led to significant 
suppression in the proliferation of Saos-2 cells 
(Figure 1C). The IC50 value for MTX, when combined 
with miR-129 decreased to 0.12 µM. Therefore, miR-
129 led to enhanced cytotoxic effects of MTX in lower 
concentrations in combination with miR-129. 

 
4.3. miR-192 transfection potentiated the MTX-
mediated apoptosis in Saos-2 cells 

In order to establish the anticancer effects of miR- 
 

 

 

 
 

 

Figure 1. miR-129 enhanced the sensitivity to MTX in Saos-2 
Cells. A) 48 h after transfection with miR-129; B) Transfection 
with miR-129 and different concentrations of MTX for 24 h. 
The cell viability was determined using an MTT assay. The 
results were shown as mean±SD (n=4); *: P<0.05 versus 
controls.   

 
129 transfection in Saos-2 cells and approve results 
from MTT assay, apoptosis status was evaluated 
using annexin-V/PI flow cytometry and ELISA cell 
death assay. Results from the ELISA assay 
demonstrated that MTX and miR-129 mono-
treatments in Saos-2 cells led to the significant 
promotion of apoptosis (P<0.05; Figure 2). A similar 
finding was found in flow cytometry results. Both 
interventions significantly increased apoptotic cells 
number (P<0.05; Figure 3). More importantly, 
combination of MTX with miR-129 mimic resulted  
in stronger apoptosis inducing effect (P<0.05). 
Therefore, miR-219 was effective in increasing MTX-
mediated apoptosis in Saos-2 cells. 

 
4.4. miR-192 transfection suppressed the cellular 
invasion in Saos-2 cells 

The invasive behavior of Saos-2 cells was 
evaluated using wound healing assay following  
miR-129 transfection. The cellular invasion was 
significantly attenuated in cells transfected with miR-
129 mimic after 72 h (P<0.05; Figure 4). Therefore, 
miR-129 had efficacy in suppressing the invasion  
 

A 

B 
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Figure 2. The effect of miR-129 transfection on MTX-induced 
apoptosis. The Saos-2 cells were treated with mir-129 and 
MTX (0.1 μM), alone or in combination for 48 h. The apoptosis 
was evaluated using an ELISA cell death kit assay. The data are 
represented as mean± SD (n=4)  
*: P<0.05 relative blank control or control miR; #: P<0.05 
versus MTX.  

 

of Saos-2 cells. 

 
4.5. miR-192 transfection downregulated the expression 
levels of CXCR4, c-Myc, K-Ras, MMP9, and ADAMTS in 
Saos-2 cells 

The means of c-Myc, K-Ras, CXCR4, MMP9, and 
ADAMTS mRNA expression were compared in the 
control, Control miR, and miR-129 mimic 
transfected groups. As shown in Figure 5, miR-129 
transfection led to a significant drop in the 
expression levels of CXCR4, c-Myc, K-Ras, MMP9, 
and ADAMTS in the Saos-2 cells compared to the 
control (P<0.05). Therefore, mRNAs expression 
levels of target genes were markedly downregulated 
in transfected cells, indicating the crucial functions 
of these genes in the progression of osteosarcoma 
cells. Importantly, data from the control miR treated 
group were similar in the relative expression of all 
genes in the Saos-2 cells. 

 

 

 

 

Figure 3. miR-129 transfection effect on Saos-2 cells promotes apoptosis. Annexin‐V/PI 
apoptosis analyzed on cells. The data are represented as mean±SD (n=3)  *: P<0.05. 

 
 

 

 
 

Figure 4. miR-129 reduced Saos-2 cells migration. Wound scratch assay (A) and the numbers 
of migrated cells in the scratched areas at 0 and 48 h after miR-129 transfection (B). The data 
are stated as mean±SD (n=3), *: P<0.05. 
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Figure 5. The expression levels of miR-129 (A), CXCR-4 (B), c-Myc (C), K-Ras (D), ADAMTS (E), and MMP9 (F) in Saos-2 cells after 48 h of 
transfection. The data are presented as mean±SD (n= 5)  
*: P<0.05 versus non-transfected and control miR.  

 
5. Discussion 

An accumulating number of recent studies have 
demonstrated the critical effects of miR-219 on various 
aspects of osteosarcoma, such as cell growth and 
survival, apoptosis, cell invasion, and metastasis 
(15,17,18). The results of the present study for the first 
time revealed the great importance of the miRNA in 
increasing MTX mediated anticancer effects which lead 
to the reversing of MTX resistance in Saos-2 cells. 
Osteosarcoma is one the most challenging human 
malignancies with high adverse effects on skeletal 
growth rate in patients (19). Similar to other cancer 
types, chemotherapy is one the most effective 
therapeutic strategies in combating osteosarcoma (20). 
However, the development of multidrug resistance is 
still a big burden against the complete treatment of 
osteosarcoma; therefore, decreases the efficacy of 
chemotherapeutic agents such as MTX (20). An 
increasing number of previous studies have paid great 
attention to developing novel strategies with high 
efficacy in order to overcome multidrug resistance in 
osteosarcoma. Regarding the importance of miRNAs in 
osteosarcoma pathogenesis, it is suggested that these 

tiny RNA molecules are an appropriate candidate  
in reversing drug resistance and increasing the 
therapeutic potential of chemotherapeutic agents 
(21). miR-129 is a tumor suppressor miRNA in 
osteosarcoma, which is commonly reported to be 
downregulated in osteosarcoma. Its downregulated 
profile of expression is also reported in bladder cancer 
cells resistant to gemcitabine (22); ovarian cancer cells 
resistant to paclitaxel (23); breast cancer cells resistant 
to Adriamycin, epirubicin, and docetaxel (24-26); and 
colorectal cancer cells to oxaliplatin (27). The results of 
a study conducted by Zeng et al. showed that breast 
cancer cells transfected with miR-129-5p mimic 
resulted in the significant inhibition of cellular 
proliferation and increase in apoptosis which in turn 
leads to the suppression of adriamycin resistance 
(28). In the same line, a study performed by Cao et 
al. revealed that miR-129 overexpression combat 
cisplatin resistance in gastric cancer cells (29). 
Similarly, the results of the present study 
demonstrated significant downregulation of miR-129 
in the Saos-2 osteosarcoma cells. Upregulation of this 
miRNA in Saos-2 cells revealed the inhibitory effect of 
MTX on cell proliferation and significantly increased 

A B C 
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its potentiating impact on apoptosis. Therefore, miR-
129 was effective in reversing MTX resistance in 
Saos-2 cells. These findings suggested the pivotal role 
of miR-192 in increasing MTX-induced apoptosis in 
Saos-2 cells. 

Moreover, the mRNA expression levels of K-Ras, c-
Myc, CXCR-4, MMP9, and ADAMTS were measured in 
cells transfected by miR-129 mimic to elucidate miR-
129 function in the MTX resistance in Saos-2 cells. 
Overexpression in K-Ras, c-Myc, CXCR4 (CXC-
Chemokine Receptor-4), and ADAMTS (a disintegrin-
like and metalloproteinase domain with thrombo-
spondin type 1 motifs) is reported to be involved in 
the tumor invasion and metastasis of various cancer 
types, such as osteosarcoma (30-33). In addition, 
some miRNAs like miR-224 are reported to modulate 
drug resistance by targeting K-Ras and increasing  
c-Myc activity in cancer cells (34). miR-192  
reverse chemoresistance to MTX by targeting and 
suppressing the expression levels of CXCR4 and 
ADAMTS in MG-63 osteosarcoma cancer cells (3). In 
addition, MMP-9 is one of the most important MMPs 
involved in the angiogenesis, migration, invasion, 
chemo-resistant, and metastasis of cancer cells. 
Various miRNAs are reported to regulate drug 
resistance by targeting MMP-9. miR-211 targets 
MMP-9 in glioma cells to modulate apoptosis and 
chemosensitivity (35). In this study, it was found that 
the upregulation of miR-129 led to a decrease in the 
expression levels of K-Ras, c-Myc, CXCR-4, MMP9, and 
ADAMTS, as well as the significant reduction in the 
invasive phenotype of cancer cells. Eventually, the 
results demonstrated that miR-129 could reduce the 
expression levels of these genes, which play a critical 
role in epithelial-mesenchymal transition and cell 
migration by sensitizing cancer cells to MTX in  
Saos-2 cells.  

 
6. Conclusion 

The present study revealed the importance of 
miR-129 in osteosarcoma cells’ sensitivity to MTX, as 
a common chemotherapeutic agent used for the 
treatment of osteosarcoma. The results showed that 
miR-12 overexpression in osteosarcoma cells in 
combination with MTX led to a significant 
downregulation of K-Ras, c-Myc, CXCR-4, MMP9, and 
ADAMTS along with the induction of apoptosis in 
cancer cells. Therefore, miR-129 may have a great 
potential in elevating the sensitivity of MG-63 cells to 
MTX.  
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