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Objective: Osteosarcoma is a highly malignant osseous sarcoma with poor prognosis. Previous 

studies indicated that miRNA-30c may play an important role in the development of osteosar-

coma, but its mechanism is not yet clear. The current research was carried out to explore the 

potential applications of miR-30c in the diagnosis and treatment of osteosarcoma.

Materials and methods: Real-time PCR and in situ hybridization were used to test the cor-

relation between miR-30c and the onset of osteosarcoma. In vitro transfection of miR-30 mimic 

was used to test the effect of miR-30c on the development of osteosarcoma. Cell Counting 

Kit-8, formation of Petri dish clones, in vivo formation of tumor, flow cytometry tests and 

Transwell analysis were used to assess the effect of miR-330c on the metastatic potential and 

invasiveness of osteosarcoma.

Results: Reverse transcriptase-PCR analysis and in situ hybridization tests revealed that the 

expression of miR-30c was lower in the osteosarcoma tissue than in normal bone tissue (P,0.05). 

Low expression of miR-30c was associated with advanced osteosarcoma staging and low cellular 

differentiation. Multivariate analysis revealed that lower expression of miR-30c was associ-

ated with shorter survival of patients (P,0.01). U2OS cell growth was significantly inhibited 

when transfected with miR-30c mimic. Flow cytometry analysis revealed that overexpression 

of miR-30c could induce apoptosis of osteosarcoma cells. In vitro Petri dish cloning experi-

ment showed that overexpression of miR-30c reduced the cloning ratio of U2OS cells from 

21% to 7%. At the same time, overexpression of miR-30c inhibited the formation of sarcoma 

in nude mice. Transwell experiments indicated that overexpression of miR-30c could reduce 

the invasiveness of U2OS cells.

Conclusion: Low expression of miR-30c was associated with high probability of onset and 

aggressiveness of osteosarcoma and shorter patient survival. Upregulation of miR-30c could 

downregulate the invasiveness of osteosarcoma. Therefore, miR-30 can be used in the develop-

ment of future diagnostic and therapeutic techniques.
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Introduction
Osteosarcoma is one of the most common malignant lesions of the bone. It constitutes 

about 20% of all primary malignant osseous sarcomas. Osteosarcoma is one of the 

most fatal malignancies due to its characteristics such as rapid growth and early 

migration to vital organs.1 Despite the application of in-block tumor resection and 

new adjuvant chemotherapy, the 5-year survival of osteosarcoma patients without 

lung metastasis is limited to 60%–70%.2 Patients with lung metastasis, however, have 

a 5-year survival of ,30%.3

Early diagnosis and treatment is the key for achieving satisfactory prognosis. 

Early diagnosis of osteosarcoma can be facilitated by noninvasive tests of specific 
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tumor markers. Advancements in the research of miRs 

provided clinicians with novel targets for the diagnosis 

and treatment of osteosarcoma. miR is a type of noncod-

ing RNA with 19–25 nucleotides. It may participate in 

a series of biochemical processes such as transcription 

regulation, DNA methylation and histone acetylation;4,5 

among these, DNA methylation and histone acetylation 

are closely related to the development and formation of 

cancer in mammals.

Normal physiological functions of miRs include regulat-

ing the signal pathways of cell differentiation, proliferation, 

metabolism and apoptosis. In malignant lesions, expres-

sion of certain miRNAs is up- or downregulated.6 Previous 

research has proven that miR-30c plays an important role in 

the proliferation and aggressiveness of tumor cells.7 Xia et al 

reported that the expression of miR-30c was significantly 

decreased in lung cancer cells, and that knocking out miR-30c 

can significantly increase the aggressive behavior of lung can-

cer A549 cells.8 Huang et al found that anoxia can decrease 

the expression of miR-30c and increase patient susceptibility 

for renal cancer.9 Sanchez-Diaz et al19 used high-flux miRNA 

chips and found that miR-30c is downregulated in patients 

with osteosarcoma.10

According to these findings, we have hypothesized that 

miR-30c plays an important role in the growth and metastasis 

of osteosarcoma. This study was designed and carried out 

to find the possible mechanism on how miR-30c affects the 

biological behavior of osteosarcoma, and provide a novel 

target for the diagnosis and treatment of osteosarcoma.

Materials and methods
Patients and specimens
All the human and animal studies in the current research 

were approved by the ethics committee of the Sixth Affiliated 

Hospital of Xinjiang Medical University. All patients gave 

oral or signed consent for application of their clinical mate-

rials for research purposes. This study was conducted in 

accordance with the Declaration of Helsinki. All the animal 

studies were performed following the guidelines and regula-

tions of Xinjiang Medical University.

Specimens of osteosarcoma patients who were treated in 

the Sixth Affiliated Hospital of Xinjiang Medical University 

between January 2007 and December 2016 were consecu-

tively included in the primary analysis. The patients received 

no chemotherapy or radiotherapy at the time of specimen 

extraction. After the specimen was extracted, it was imme-

diately stored at -80°C in a freezer and moved to liquid 

nitrogen. All the patients received outpatient follow-up visits. 

Physical checkups and computed tomography scans were 

carried out at each follow-up.

Quantitative reverse transcriptase-Pcr 
(qrT-Pcr) assay of the specimens
According to the user manual of Thermo Fisher Scientific 

for Trizol, RNA was extracted from the specimens. U6 was 

used as the internal control. Primers of U6 and miR-30c 

were designed and chemosynthesized by Shanghai Jima 

Biotech Ltd (Shanghai, China). Quantitative PCR template 

was obtained by reverse transcribing with an miR reverse 

transcription kit. Primers used for qRT-PCR are: forward: 5′
-GTcGTATccAGTGcAGGGTccGAGGTATTcGcAcTGGA

TAcGAc-3′, reverse: 5′-GcAAcccGTAGATccGAAcTT-3′. 
RT-PCR was applied to test the expression of miR-30c in 

osseous tumors and normal bone tissue.

Osteosarcoma in situ hybridization 
technique
The tumor tissue was embedded in paraffin; 4 µm slices 

of the tumor tissue were prepared and mounted on immuno-

histochemical specific glasses loaded with electric charge, 

and in situ hybridization was performed according to the 

manual of Exiqon (Vedbæk, Denmark). Spectrum analysis by 

Nuance™ multi-spectrum microscopic imaging system was 

used to test the expression of miR-30c in the test subjects. 

Two senior pathologists independently analyzed the slides 

and picked one or two typical fields under 200 times enlarged 

view. Positive staining of the cells was studied using the 

inForm analytical software. Using the criteria given in 

Tables 1 and 2, visual fields in each tissue sample were ana-

lyzed and the amount of positive staining was calculated.

cell culturing and transfection
Normal hFOB1.19 cells and U-2OS osteosarcoma cells were 

obtained from the cell bank of Chinese Academy of Sciences. 

All the cells were cultured using DMEM high-glucose cul-

ture medium containing 10% BSA, 100 U/mL penicillin and 

100 µg/mL streptomycin at 37°C in a 5% CO
2
 incubator. 

Cells in a good condition and in the exponential growth state 

were extracted and used for further analysis.

Table 1 criteria for positive staining for in situ hybridization

 Staining Threshold

- negative #0.06
+ Weak positive 0.06–0.115
++ Positive 0.115–0.21
+++ strong positive .0.21
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Transfection and grouping of osteosarcoma cells
U2OS cells in the exponential growth state were extracted, 

mixed with miR-30c mimics or scramble mimics and liposome 

2000 into a volume of 600 µL, mixed evenly by blowing with 

Transferpettor and kept at 25°C for 1 hour. Three hundred 

microliters of the mixture were added to a six-pore plate, 

horizontally rocked by the oscillator and cultivated for 4 hours. 

Then, the culture medium was changed with the transfection 

medium. After being cultivated for 48 hours under 25°C and 

trypsinization, the cells were recollected for further analysis.

miR-30c mimics were obtained from Ambion Corpora-

tion (Austin, TX, USA). Cells were divided into three groups: 

1) control group: cultured under normal circumstances; 

2) negative control group: scramble mimics + liposome 2000 

were added in the transfection medium and 3) experimental 

group: miR-30c mimics + liposome 2000 were added in the 

transfection medium.

cell cloning
Cells were extracted when they were in the exponential 

growth sate, washed in PBS twice, digested in 0.25% trypsin 

for 2 minutes and lightly mixed with Transferpettor to form 

single cell suspension. Cell concentration of the suspension 

was adjusted to 1×106/mL.

Five milliliters of 0.7% agarose were mixed evenly 

with 5 mL of 2× DMEM culture medium in an aseptic test 

tube. Two hundred microliters of the cell suspension with 

1×106/mL cell concentration were added to the test tube, 

mixed evenly, injected on a Petri dish coated with 1.2% aga-

rose, and thus, two agarose layers were formed. After the top 

layer was solidified, the cells were cultured for 2 weeks under 

normal circumstances. Cell clones were counted under an 

inverted microscope. The clone forming ratio was calculated 

as (number of clones/number of inoculated cells) ×100%.

cell vitality test (cell counting Kit 
[ccK]-8 method)
Twenty-four hours after culturing, cells were inoculated in 

96-well cell culture plates at a concentration of 1,000 cells/

well. Cells from one well were extracted on days 1, 2, 3 and 

4 after the inoculation and added into the reaction solution 

made by mixing culture medium and CCK-9 at a ratio of 9:1. 

Several wells with only the reaction solution were used as 

control. The 96-well plates were extracted after being incu-

bated for 1–2 hours. ELISA was used to test the OD value 

of each well under 450 nm. Cell proliferation ratio was 

calculated by the following formula: relative proliferation 

ratio (%) = (average OD value of experimental wells - 

average OD value of zero control wells)/(average OD value 

of control wells - average OD value of zero control 

wells) ×100%. The experiment was carried out three times 

and the average value was considered the final value.

Testing the effect of different treatment 
methods on U2Os cell apoptosis
Single-cell suspensions of U2OS cells in control, negative 

control and experimental groups at 48 hours after transfec-

tion were centrifuged under 4°C, 1,000 rpm for 5 minutes. 

The cell concentration was adjusted to 1×106/mL. Cells were 

stained following the manual of Annexin V/propidium iodide 

kit. Flow cytometry tests were used to assess the apoptosis 

of cells. Each experiment was repeated three times.

assessment of cell migration and 
intrusion abilities (Transwell method)
Twenty microliters of Matrigel substrate primer (diluted to 1:8) 

were laid on Transwell top chamber and incubated at 37°C 

for 60 minutes until it solidified and formed propria layer. 

DMEM 20% serum was added in 24-well plate at a concentra-

tion of 600 µL in each plate. Cells were collected after being 

trypsinized and were suspended in high-glucose DMEM with 

no serum. The average density of the cells was 10,000/mL. Cell 

suspension was added to the Transwell cell culture chamber 

at a concentration of 200 µL in each chamber. The chamber 

Table 2 number of colonies formed by different cell typesa

Blank control Control Experimental

clone formation 432±46 428±31 145±12*

Notes: aThe results are recorded as mean ± SD. *Significantly different than the 
control group, P,0.05.

Figure 1 it was shown by qrT-Pcr tests of mir-30c that its expression was 
significantly different between the normal and osteosarcoma cells (4.62±1.12 vs 
1.37±0.42, P,0.01).
Abbreviation: qrT-Pcr, quantitative reverse transcriptase-Pcr.
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was immersed in 24-well cell culture chamber and incubated 

at 37°C in a 5% CO
2
 incubator for 24 hours. Transwell cham-

bers were extracted, washed in PBS and the filter was fixed in 

methanol for 10 minutes. The fixation fluid was discarded and 

an appropriate volume of crystal violet solution was added for 

5 minutes. Q-tips were used to scratch the cells on the filter 

membrane on the Transwell top chamber. The filter membranes 

were encapsulated and were observed under a microscope. The 

invasion ability of the cells was quantitated by counting the 

cells in five different areas under a microscope.

subcutaneous tumor formation 
experiment in nude mice
Nude mice used in the current research were healthy male 

BALB/c type mice. Thirty mice were randomly assigned to 

three groups, with ten mice in each group. Three groups of 

cells (vacant control, control and experimental) were cultured 

until they reached exponential growth state. A 1 mL syringe 

was used to extract the cells and inject them percutaneously 

in the mice (0.2 mL [1×106 cells] in each mouse). The mice 

were fed in conventional circumstances; their growth, diet, 

weight and tumor formation were observed daily. The volume 

and weight of tumor were measured once each week. After 

the length (L) and width (W) of the tumor were measured, the 

volume of tumors was calculated by the following formula: 

V = L × W × W/2. Animals were sacrificed by dislocation of 

cervical spine in deep anesthesia 5 weeks after the injection. 

The complete tumor was extracted; fat tissues were cleaned, 

weighed and prepared for further analysis.

statistical analysis
All the data were analyzed using IBM SPSS 22.0 software 

(IBM Corporation, Armonk, NY, USA). The pathological 

parameters were compared by chi-squared analysis. 

Kaplan–Meier analysis was used for survival analysis. Cox 

regression analysis was used for single and multiple variant 

analyses. One-way ANOVA was used to compare the 

parameters among the groups. The difference was considered 

significant when P-value was ,0.05.

Table 3 relationship between the clinical characteristics of 
patients and the expression of mir-30c

 Patients Low miR-30c 
level (n, %)

P-value

gender   0.723
Male 20 14 (70.0)  
Female 17 12 (70.6)  

age, years   0.584
,20 24 17 (70.8)
$20 13 9 (69.2)  

location   0.376
Femur 20 14 (70.0)  
Tibia 8 6 (75.0)  
Fibula 3 2 (66.7)  
humerus 2 1 (50.0)  
Other 4 3 (75.0)  

Pathology   0.428
common central 29 21 (72.4)  
interosseous well 
differentiated

2 1 (50.0)  

Vasodilated 3 2 (66.7)  
Other 3 2 (66.7)  

Enneking classification   0.001
i 2 2 (100.0)  
ii 21 18 (85.7)  
iii 14 6 (42.9)  

Tumor diameter, cm   0.632
,10 15 11 (73.3)  
$10 22 15 (68.2)  

Differentiation   0.013
high 16 14 (87.5)  
Medium or low 21 12 (57.1)  

recurrence   0.032
Yes 11 7 (63.6)  
no 26 19 (73.1)  

Metastasis   0.385
Yes 10 7 (70.0)  
no 27 19 (70.4)  

Figure 2 In situ hybridization tests showed that the relative expression level of miR-30c was significantly higher in the bone tissue than in osteosarcoma tissue (3.92±0.94 vs 
1.23±0.45, P,0.001, scale bar: 100 µm, magnification: ×200), which is similar to that of qrT-Pcr analysis.
Abbreviation: qrT-Pcr, quantitative reverse transcriptase-Pcr.
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Table 4 low expression level of mir-30c and the prognosis of 
osteosarcoma patients

 n Survival

P-value OR (95% CI)

Enneking classification  0.000 18.72 (1.84–41.39)
i–ii 23   
iii 14   

Metastasis  0.592 4.76 (1.21–9.15)
Yes 10   
no 27   

Tissue classification  0.000 18.54 (1.04–36.48)
high differentiation 16   
Median or low differentiation 21   

Tumor diameter, cm  0.687 3.94 (0.51–6.28)
,10 15   

$10 22   

Metastasis  0.322 5.13 (0.79–13.54)
Yes 10   
no 27   

recurrence  0.293 8.17 (0.82–16.15)
Yes 11   
no 26   

mir-30c expression level  0.000 24.75 (1.42–51.38)
high 11   
low 26   

Figure 3 Kaplan–Meier analysis of osteosarcoma patients: low expression level of 
mir-30c is closely related to the short survival of patients (P,0.01).

Lung metastasis was found in 25 of these patients. The aver-

age follow-up time was 38.6 months (range 6–48 months). 

Normal bone specimens of 29 patients (19 male, 10 female; 

average age: 18.3±1.6 years, range 13–52) who were treated 

for bone fracture at the same period were included as controls. 

There were no significant differences between the two groups 

concerning the gender and age of the patients (P.0.05).

expression of mir-30c in osteosarcoma 
lesions
qRT-PCR analysis revealed that the expression of miR-30c 

in the osteosarcoma lesions was significantly lesser than 

that in normal bone tissue (Figure 1). The expression of 

miR-30c was significantly different between the normal and 

osseous sarcoma cells (one-way ANOVA, P,0.01). In situ 

hybridization tests showed that miR-30c was mainly located 

in the nucleus of the osteosarcoma cells. In the meanwhile, 

it was strongly positive in both nucleus and cytoplasm in the 

normal bone cells (Figure 2).

relationship between the levels of 
mir-30c and patient outcome
Assigning the median value (3.72) of miR-30c expression in 

in situ hybridization test as a cutoff, 37 patients were divided 

into two groups. Twenty-six patients were included in the low-

expression group and eleven patients in the high-expression 

group. Table 3 describes the relationship between the levels of 

miR-30c and the clinical characteristics of patients. Cox regres-

sion analysis revealed that there was no significant relationship 

between the expression of miR-30c and clinical characteristics 

of osteosarcoma patients such as patient age, type of tissue, 

location and size of the tumor and tumor metastasis.

relationship between the expression of 
mir-30c and patient prognosis
Single and multiple variant Kaplan–Meier survival analy-

ses were used to determine the relationship between the 

expression of miR-30c and patient prognosis (Table 4). 

Results
A total of 37 patients (20 male, 17 female; average age: 

19.7±2.4 years, range 11–64 years) were included in the 

initial specimen analysis. Diameter of the tumor was ,10 cm 

in 15 patients and .10 cm in 22 patients. Histological staging 

of osteosarcoma tissues was made according to the 2002 

WHO osseous sarcoma tissue classification (second edition). 

Clinical tumor staging was made according to the classifica-

tion of Enneking et al,20 there were 2 patients with stage I, 

21 patients with stage II and 14 patients with stage III lesion. 

Table 5 Multilinear regression analysis of osteosarcoma patient 
prognosis

 OR (95% CI) P-value

Enneking classification 14.12 (1.43–32.18) 0.001
i–ii vs iii   
Tissue differentiation 15.03 (1.16–24.38) 0.002
high vs median and low   
mir-30c expression level 21.48 (1.43–36.71) 0.01
low vs high   
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Figure 4 effect of mir-30c on the colony-forming ability of U2Os cells.

Figure 5 The proliferation capacity of cells was significantly lower in the experimental 
group than in the control group at 72, 96 and 120 hours after transfection (*P,0.05).

Kaplan–Meier survival curve showed that low expression 

of miR-30c was positively related to shorter time of survival 

(Figure 3). Cox model analysis showed that low expression 

levels of miR-30c (HR 23.74, CI 1.58–52.66, P,0.001), 

late Enneking staging (HR 19.94, CI 1.27–42.85, P,0.001) 

and low differentiation of tumor tissues (HR 16.23, CI 

1.05–39.28, P=0.008) were positively related to shorter 

survival. After excluding other factors by multiple variant 

Cox regression analysis, the level of miR-30c was found to 

be a prognostic factor of osteosarcoma (Table 5).

effect of mir-30c on U2Os cell clone 
formation
Clone formation experiment was carried out to assess the 

proliferation potential of single cells. In the current research, 

compared to the scramble mimics control group and the 

blank control group, cells in the miR-30c mimics experi-

mental group formed significantly lesser colonies (P,0.05; 

Figure 4). There were no significant differences between the 

scramble mimics control group and the blank control group 

(Figure 4; Table 2).

effect of mir-30c on the proliferation of 
U2Os cells
In the current research, CCK-8 curve was used to show the 

proliferation of U2OS cells. After the transfection of miR-30c 

mimics, the proliferation ratio of cells significantly decreased 

within 72 hours. The proliferation capacity of cells was signifi-

cantly lower in the experimental group than in the control group 

at 72, 96 and 120 hours after transfection (P,0.05; Figure 5).

effect of mir-30c on the apoptosis of 
U2Os cells
Flow cytometry analysis showed that the ratio of apoptosis 

was 2.94%±0.78%, 3.02%±1.03% and 15.04%±2.37% in 

blank control group, control group and experimental group. 

One-way ANOVA indicated that there were no significant 

differences between the blank control group and the con-

trol group (P.0.05), but there was a significant difference 

between the experimental group and other groups (P,0.01; 

Figure 6). This indicates that transfection of miR-30c can 

promote apoptosis of U2OS cells.

effect of mir-30c on the migration and 
invasiveness of U2Os cells
After transfecting U2OS cells with miR-30c mimics, their 

migration and invasiveness were found to be significantly 

inhibited (Figure 7A and B).

effect of mir-30c on the volume of 
tumors formed after percutaneously 
injecting U2Os cells
The difference was significant among the groups on com-

paring the weight and volume of percutaneously formed 

tumors (Figure 8; Table 6).

Discussion
In the early stages of osteosarcoma, the clinical symptoms 

are always concealed; therefore, most patients are already 
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at the late stages of osteosarcoma when diagnosed. Recent 

investigations on miRs have shown that miR-30c partici-

pates in the proliferation, differentiation and apoptosis of 

cells.11 Its expression is found to be downregulated in 

malignancies such as bladder cancer, invasive micropap-

illary carcinoma, as well as neurosarcoma.12,13 miR-30c 

was found to inhibit miRNA and reduce the proliferation 

and migration of cancer cells, making them more sensi-

tive to chemotherapy. miR-30c was also reported to be a 

predictive factor in the prognosis of estrogen receptor–

positive breast cancer patients undergoing endocrinology 

treatment.14

Figure 6 There was no significant difference between the blank control group and the control group (P.0.05, one-way ANOVA), but there were significant differences 
between the experimental group and other groups (P,0.01, one-way anOVa).
Abbreviations: FITC, fluorescein isothiocyanate; PI, propidium iodide.
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However, there is no sufficient data on the current 

literature on the effect of miR-30c on osteosarcoma and 

its potential applications. In the current research, in order 

to avoid error that could be caused by the method of mea-

surement, we used both qRT-PCR and in situ hybridization 

methods. Both methods consistently showed that the level 

of miR-30c was significantly high in the normal bone tissue 

than in osteosarcoma tissue. Moreover, the low expression 

of miR-30c was associated with more invasive behavior of 

osteosarcoma cells. This is in accordance with the findings 

with other types of cancers such as breast cancer, endome-

trial carcinoma, prostate cancer and ovarian cancer. The 

current research has also shown that low level of miR-30c is 

positively related to lower differentiation of tumor cells and 

higher clinical grading, which implies that patients with low 

miR-30c levels tend to have unfavorable prognosis.

The working mechanism of miR-30c on osteoporosis 

could include several pathways. Recent studies have found 

miR-30c to be a target for repressing tumor cell vitality; for 

example, miR-30c downregulates MTA1 gene in endometrial 

carcinoma cells and BCL9 gene in ovarian cancer cells.15,16 

Cytoskeleton controlling protein Twinfilin-1 (Twf1) and 

Vimentin are related to neoplasm invasiveness, and miR-30c 

can downregulate the expression of Twf1 and Vimentin. 

Immunohistochemical studies showed that miR-30c can 

directly combine with MTA1 cancer gene, indicating that 

miR-30c can affect the avidity of cancer cells by inhibiting 

MTA1 gene.8 miR-30c was also reported to inhibit the growth 

of breast cancer cells by inhibiting KRAS signal pathway. 

In the study of Dobson et al, transfection of miR-30c in breast 

cancer MDA-MB-231 cells was found to downregulate the 

nephroblastoma overexpressed gene (NOV) and reduce its 

invasiveness.17 These mechanisms may also play a role in 

the miR-30c-based treatment of osseous sarcoma. Further 

studies are needed to confirm these hypotheses.

Recurrence and metastasis are the main prognostic factors 

for patients with osteosarcoma. Fang et al18 reported that miR-

30c could significantly inhibit the proliferation, differentia-

tion and metastasis of breast cancer cells. They reported that 

miR-30 could significantly inhibit tumor formation of DU145 

prostate cancer cells in nude mice. In the current research, 

when U2OS osteosarcoma cells were transferred with miR-30c 

mimics, proliferation, in vitro clone formation, antiapoptosis 

and migration abilities of the cells were significantly inhibited. 

In the in vivo experiment, tumor formation capabilities of 

U2OS osteosarcoma cells transferred with miR-30c mimics 

were significantly inhibited. All these results indicate that 

miR-30c can be used as a target in future clinical research.
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