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Abstract. In order to determine whether microRNA 
(miR)‑300 is a diagnostic and prognostic biomarker in osteo-
sarcoma, the miR‑300 levels in serum of 114 osteosarcoma 
patients and 114 healthy controls were compared, followed by 
serum analysis of the differences between the pre‑operative 
and post‑operative sera of these osteosarcoma patients. It 
was observed that the concentration levels of miR‑300 in the 
serum of osteosarcoma patients was significantly higher than 
those in the serum of healthy controls (P<0.01). Furthermore, 
the concentration levels of miR‑300 in the post‑operative 
serum were significantly reduced when compared with the 
pre‑operative serum levels (P<0.001). High miR‑300 levels 
in serum correlated significantly with clinical stage, distant 
metastasis and poor survival of osteosarcoma patients. Notably, 
serum miR‑300 was an independent prognostic marker for 
osteosarcoma. In conclusion, our results suggested that serum 
miR‑300 may be a potential and useful noninvasive biomarker 
for the early detection of osteosarcoma.

Introduction

Human osteosarcoma, mainly arising from osteoid tissue and 
producing immature bones, is the most common primary 
malignancy of the bone in adolescents (1‑3), with an incidence 
rate of 4‑5 cases/million worldwide (4). Despite current thera-
peutic strategies combining adjuvant chemotherapy, surgery 
and occasionally radiotherapy, the 5‑year survival rate and 

prognosis of osteosarcoma patients remain poor, since there is a 
significant proportion of osteosarcoma patients with a high risk 
of local relapse or distant metastasis following curative resec-
tion of the primary tumor and intensive chemotherapy (5,6). 
The 5‑year survival rate of these patients is only 50‑60%, and 
nearly 40% of osteosarcoma patients succumb to lung metas-
tases (7,8). Therefore, it is urgently required to develop novel 
and efficient alternative strategies for the diagnosis of osteo-
sarcoma patients at an early stage and for improved prognosis 
by selecting more efficient therapeutic approaches.

MicroRNAs (miRNAs or miRs) are non‑coding RNAs 
of 18‑25  nucleotides in length with highly conserved 
sequences across different species in plants, animals and DNA 
viruses (9,10), which have been demonstrated to play a major 
role in the regulation of virtually all cellular processes and gene 
expression at the post‑transcriptional level by binding to the 
3'‑untranslated region of their target messenger RNAs (11,12). 
Recently, several studies have shown that aberrant miRNA 
expression is associated with the genesis and homeostasis of 
multiple types of cancer (13-19). Particularly in osteosarcoma, 
miR‑21 was significantly overexpressed in osteosarcoma, and 
promoted invasion and migration in osteosarcoma cells (13). 
Subsequent studies also demonstrated that miR‑100  (14), 
miR‑204 (15), miR‑144 (16), miR‑195 (17), miR‑26b (18) and 
miR‑195 (19) were linked to the carcinogenesis, progression 
and prognosis of osteosarcoma. Furthermore, miRNAs have 
also been detected in human serum in remarkably stable 
forms (20), which makes serum miRNA patterns possible to 
be non‑invasive cancer biomarkers with high sensitivity and 
specificity (21‑23). As expected, numerous publications have 
reported that serum miRNAs exhibited different levels between 
cancer patients and healthy controls (24‑26) and could served 
as stable blood‑based biomarkers in various cancers (27,28), 
which further highlighted the potential of circulating miRNAs 
as non‑invasive diagnostic and prognostic biomarkers for 
cancerous diseases. Regarding osteosarcoma, recent studies 
revealed that the decreased expression of miR‑195 in serum 
may be a novel biomarker for screening osteosarcoma 
and may predict poor prognosis  (29). The muscle‑specific 
miRNAs miR‑133b and miR‑206 were also demonstrated to 
be downregulated in the serum of osteosarcoma patients (30). 
Notably, serum miR‑133b and miR‑206 were all indepen-
dent prognostic biomarkers for overall and progression‑free 
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survival of osteosarcoma patients (30). Serum miR‑21 also was 
demonstrated to be a good candidate for a therapeutic target and 
a potential biomarker for the prediction of chemotherapeutic 
sensitivity and prognosis in patients with osteosarcoma (31).

A previous study revealed that miR‑300 was increased in 
osteosarcoma tissues and cell lines compared with paired adja-
cent non‑cancerous bone and osteoblastic cells (32). In addition, 
miR‑300 was observed to promote proliferation and invasion of 
osteosarcoma cells (32). However, there are still no studies on 
the expression profile, diagnostic or prognostic significance of 
serum miR‑300 in osteosarcoma patients.

In the current study, the role of miR‑300 in osteosarcoma 
was systematically investigated by a two‑phase study. In the first 
phase, quantitative analyses of miR‑300 in a subset of serum 
samples from osteosarcoma patients and healthy control subjects 
were performed to determine the feasibility of its detection in 
the circulation. In the second phase, the clinical significance of 
miR‑300 as a potential biomarker for diagnosis and prognosis of 
osteosarcoma patients was evaluated.

Materials and methods

Patients and specimens. Tissue and serum‑based specimen 
collection and studies were approved by the Research Ethics 
Committee of the 401 Hospital of PLA (Qingdao, China). All 
patients provided written consent and indicated willingness 
to donate their blood and tissue samples for research. A total 
of 114 patients were enrolled in the present study, of whom, 
97 patients received curative resection and 17 patients received 
palliative resection at the 401 Hospital of PLA from January 
2004 to December 2009. None of the patients enrolled received 
radiotherapy or chemotherapy prior to the operation. All tumors 
were clinically and histologically diagnosed as osteosarcoma. 
Inclusion criteria for all cases included: i) Unambiguous histology 
and absence of mixed tumor types; and ii) absence of any treat-
ment prior to surgery. The clinicopathological characteristics 
of the patients are presented in Table I. Patients were followed 
up subsequent to surgical treatment until March 2015, with a 
median follow‑up time of 83 months (range, 12‑131 months). 
During the follow‑up period, 54 patients (47.4%) succumbed to 
the disease.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). For miRNA quantification, 
total miRNA was extracted from the sera of osteosarcoma patients 
and healthy controls using miRNeasy Mini kit (Qiagen, Inc., 
Valencia, CA, USA), according to the manufacturer's protocol. 
Synthetic cel‑miR‑39 (catalogue no. 219610; Qiagen, Inc.) was 
added as a spike‑in control miRNA into each sample to normalize 
the sample‑to‑sample variation in the RNA isolation step and to 
detect the purification efficiency. TaqMan MicroRNA Reverse 
Transcription kit (Applied Biosystems; Thermo Fisher Scien-
tific, Inc., Waltham, MA, USA) was used to detect and quantify 
the miRNA expression. Primer sequences used for PCR were 
as follows: Forward, 5'-TATACAAGGGCAGACTCTCTCT-3' 
and reverse, 5'-GTGCAGGTTCCGAGGT-3' for miR-300; 
forward, 5'-CTCGCTTCGGCAGCACATATACT-3' and 
reverse, 5'-ACGCTTCACGAATTTGCGTGTC-3' for U6. PCR 
was performed under the following conditions: 30 cycles of 
95˚C for 30 sec, 57˚C for 30 sec and 72˚C for 1 min. Data were 

analyzed with ABI 7500 software v.2.0.1 (Applied Biosystems; 
Thermo Fisher Scientific, Inc.), with automatic quantification 
cycle (Cq) settings for adapting baseline and threshold for Cq 
determination (32). Each sample was examined in triplicate, 
and the quantity of the PCR products was normalized to U6 
(Applied Biosystems; Thermo Fisher Scientific, Inc.).

Statistical analyses. Statistical analysis was performed using 
SPSS statistical software version 21.0 (IBM SPSS, Armonk, 
NY, USA). Mann‑Whitney U analyses of variance were used 
to evaluate statistical differences in serum miRNA expression 
between unpaired groups. The correlation of miR‑300 expres-
sion between osteosarcoma tissues and serum was determined 
by Spearman's correlation analysis. The Wilcoxon signed-rank 
test was used to compare miR‑300 expression in paired serum 
samples obtained prior to surgical tumor resection and 7 days 
after surgical tumor resection. Receiver operating characteristic 
(ROC) analysis was performed to determine the diagnostic 
performance of miR‑300 expression levels in distinguishing 
patients with osteosarcoma from healthy control subjects. 
Sensitivity against 100% minus specificity was plotted for each 
cutoff threshold, and the area under the curve (AUC) values that 
reflected the probability of correctly identifying osteosarcoma 
patients from control subjects were computed. The optimal cutoff 
thresholds for diagnosis were obtained by the Youden's index. 
By using the optimal cutoff value, the sensitivity, specificity, and 
positive and negative predictive values were calculated. Survival 
curves were estimated using the Kaplan‑Meier method, and 
distributions were evaluated by the long‑rank test. Cox propor-
tional hazard models of factors associated with survival were 
used to calculate the hazard ratios (HRs) and to identify factors 
that affect survival. The differences in characteristics between 
two groups were examined by the χ2 test and the Fisher's exact 
test. All P‑values were determined from two‑sided tests, and 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Relative expression of serum miR‑300 in osteosarcoma patients. 
The level of serum miR‑300 in osteosarcoma patients was inves-
tigated. It was observed that the relative expression of serum 
miR‑300 in 114 osteosarcoma patients was significantly higher 
than that in healthy controls (P=0.007; Fig. 1A). Furthermore, 
the expression of serum miR‑300 was significantly associated 
with the expression of tissue miR‑300 in osteosarcoma patients 
(Spearman's correlation: r=0.25, P=0.0068; Fig. 1B).

Diagnostic value of serum miR‑300 expression in osteosarcoma 
patients. ROC curve analysis illustrated that serum miR‑300 
expression was a potential biomarker for discriminating osteo-
sarcoma patients from healthy controls, with an AUC of 0.8847 
(Fig. 2A). Using a cutoff value of 2.63, the sensitivity, specificity, 
and positive and negative predictive values were 84.2, 88.6, 
89.7 and 84.9%, respectively, to identify a patient with osteo-
sarcoma.

Alterations of serum miR‑300 levels in patients with osteosar‑
coma. The serum levels of miR‑300 significantly decreased 
following surgery in the same subset of osteosarcoma patients 
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(P=0.009; Fig. 2B). However, when data were analyzed based 
on potentially curative or palliative surgeries, serum miR‑300 
levels significantly decreased in patients with potentially cura-
tive surgeries (P=0.0006; Fig. 2C). Contrarily, no significant 
differences were observed in miR‑300 levels prior or subsequent 
to surgery in patients with palliative resections (Fig. 2D).

Upregulation of serum miR‑300 levels is associated with 
advanced clinicopathological characteristics of osteosar‑
coma patients. Next, it was investigated whether serum 
miR‑300 expression correlated with clinicopathological char-
acteristics of patients with osteosarcoma. As shown in Table I, 
serum miR‑300 was significantly upregulated in osteosar-
coma patients with advanced clinical stage (P=0.0120) and 

metastasis status (P=0.0350). However, there was no correla-
tion of serum miR‑300 expression with other clinical features 
such as age, gender or tumor size (all P>0.05).

Upregulation of serum miR‑300 levels is associated with poor 
overall survival and progression‑free survival rates in osteo‑
sarcoma. The association between miR‑300 expression and 
overall survival or progression‑free survival was investigated 
using Kaplan‑Meier analysis and log‑rank test. Significant 
differences in overall survival and progression‑free survival 
were detected between the high serum miR‑300 expression 
group and the low serum miR‑300 group (log‑rank test: 
P=0.0498 and P=0.0418, respectively; Fig. 3A and B). Patients 
with high serum miR‑300 expression tended to have shorter 

Table Ⅰ. Association of miR‑300 expression with clinicopathological features of osteosarcoma.

	 miR‑300 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological features	 No. of cases	 High (n)	 Low (n)	 P-value

Age (years)	 114	 68	 46	 0.252
  <55	   64	 35	 29	
  ≥55	   50	 33	 17	
Gender				    0.446
  Male	   58	 37	 21	
  Female	   56	 31	 25	
Tumor size (cm)				    0.258
  >8	   62	 40	 22	
  ≤8	   52	 28	 24	
Clinical stage				    0.012a

  ⅡA	   48	 22	 26	
  ⅡB/Ⅲ	   66	 46	 20	
Metastasis				    0.035a

  Present	   18	 15	   3	
  Absent	   96	 53	 43	

aP≤0.05. miR, microRNA.
  

Figure 1. Expression of miR‑300 in the serum of osteosarcoma patients. (A) Levels of serum miR‑300 in normal controls and osteosarcoma patients. 
(B) Correlation of serum and tissue miR‑300 levels in osteosarcoma patients. Mann‑Whitney U test was used to analyze the significant differences. The 
correlation of miR‑300 expression between osteosarcoma tissues and serum was determined by Spearman's correlation analysis. **P<0.01. miR, microRNA.
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overall and progression‑free survival times than patients with 
low serum miR‑300 expression.

Upregulation of serum miR‑300 levels is associated with 
poor prognosis in osteosarcoma patients. Univariate analysis 
identified clinical stage, metastasis status and high expres-
sion of serum miR‑300 as poor prognostic factors for overall 

survival and progression‑free survival (all P<0.05; Table II), 
whereas neither age, gender or tumor size were significantly 
associated with overall survival or progression‑free survival. 
To test whether the prognostic value of high serum miR‑300 
expression was independent of other risk factors for poor 
overall and progression‑free survival, a multivariate analysis 
was performed using a Cox proportional hazard model. 

Figure 3. Association of serum miR‑300 expression with overall and progression‑free survival. (A and B) Kaplan‑Meier graphs representing the probabilities 
of (A) overall survival and (B) progression‑free survival in osteosarcoma patients according to their levels of serum miR‑300. *P<0.05. Log‑rank test was used 
to analyze the significant differences. miR, microRNA.

Figure 2. Serum miR‑300 is a potential diagnostic biomarker for osteosarcoma patients. (A) Serum miR‑300 yielded an AUC value of 0.8847, with 84.2% 
sensitivity and 88.6% specificity in distinguishing osteosarcoma patients from normal control subjects. (B) Comparison of serum miR‑300 levels from all osteo-
sarcoma patients (n=114). (C) Comparison of serum miR‑300 levels in 97 osteosarcoma patients who underwent potentially curative surgeries. (D) Comparison 
of serum miR‑300 in 17 osteosarcoma patients who underwent palliative resections. Two‑tailed Student's t test was used to analyze the significant differences. 
**P<0.01, ***P<0.001. miR, microRNA; AUC, area under the curve; ns, not significant.

  A   B

  A   B

  C   D
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Multivariate analyses including age, gender, tumor size, 
clinical stage, metastasis status and serum miR‑300 expres-
sion demonstrated that high serum miR‑300 expression was 
an independent predictor for poor overall and progression‑free 
survival in osteosarcoma patients [HR=4.698, 95% confidence 
interval (CI)=1.562‑8.369, P=0.0140 and HR=4.406, 95% 
CI=1.268‑6.986, P=0.0130, respectively; Table III). Signifi-
cant results were also obtained for advanced clinical stage 
and metastasis status, whereas all other parameters were not 
significant independent prognostic markers for overall survival 
or progression‑free survival.

Discussion

In the current study, the serum expression levels of miR‑300 
were detected in osteosarcoma patients and healthy controls, 
and their upregulation in the peripheral blood of osteosarcoma 
patients was confirmed. Furthermore, the diagnostic value of 
serum miR‑300 in osteosarcoma was also evaluated by two 
steps. Initially, it was observed that the relative expression of 
serum miR‑300 in osteosarcoma patients was significantly 
higher than that in healthy controls, and that the expression of 
serum miR‑300 correlated significantly with the expression of 
tissue miR‑300. The diagnostic value of serum miR‑300 in the 
early detection of osetosarcoma was evaluated by yield AUC 
curves. It was observed that serum miR‑300 could efficiently 
differentiate osteosarcoma patients from healthy controls 
(AUC=0.8847). Taken together, these results confirmed that 
the extraction of RNA and identification of miR‑300 in the 
serum of individuals diagnosed with osteosarcoma is feasible, 
and offered the first description that miR‑300 could be an 
effective diagnostic biomarker with high sensitivity and speci-
ficity for osteosarcoma.

Another important finding of our study is that serum 
miR‑300 expression also serves as a prognostic biomarker 
for osteosarcoma. Our results are consistent with those from 
previous studies that demonstrated that miR‑300 could promote 
cell proliferation and invasion in osteosarcoma cells (32). The 
present study identified the prognostic role of serum miR‑300 
in osteosarcoma by three steps. Initially, it was observed that 
the expression of serum miR‑300 was significantly correlated 
with the expression of tissue miR‑300. Then, it was noticed 
that serum miR‑300 was also significantly correlated with 
progression‑free and overall survival of osteosarcoma patients 
by Kaplan‑Meier and univariate analyses. Finally, it was 
identified that serum miR‑300 was an independent prognostic 
biomarker for patients with osteosarcoma by multivariate 
analysis. Our findings that high levels of serum miR‑300 
indicate a poor prognosis in patients with osteosarcoma are 
also an important step forward in the further identification of 
a non‑invasive biomarker for osteosarcoma. To the best of our 
knowledge, the present study represents the first demonstration 
that serum miR‑300 may not only be a diagnostic biomarker 
for osteosarcoma but may also aid to predict metastases or 
tumor recurrence with high accuracy.

The aberrant expression of miR‑300 is a frequent event in 
multiple types of solid cancer, suggesting its important roles in 
carcinogenesis and cancer progression (32-34). Similar to other 
miRNAs, the expression pattern and functions of miR‑300 
may be different in various types of cancer, in a tissue‑specific 
manner, dependent on the cellular context (32,33). For example, 
Yu et al reported that miR‑300 was downregulated in head and 
neck squamous cell carcinoma cells and in breast cancer cells. 
Downregulation of miR‑300 was required for the initiation 
and maintenance of the transforming growth factor‑β‑induced 
epithelial-mesenchymal transition (EMT) (33). Thus, miR‑300 

Table Ⅲ. Multivariate survival analysis of overall survival and disease‑free survival in 114 patients with osteosarcoma.

	 Overall survival	 Disease‑free survival
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

miR‑300 expression	 4.698	 1.562‑8.369	 0.014a	 4.406	 1.268‑6.986	 0.013a

Clinical stage	 3.869	 1.269‑6.858	 0.021a	 3.597	 1.369‑7.639	 0.029a

Metastasis status	 3.165	 1.197‑5.459	 0.036a	 3.664	 1.569‑4.987	 0.027a

aP≤0.05. CI, confidence interval; HR, hazard ratio; miR, microRNA.
  

Table Ⅱ. Univariate survival analysis of overall survival and disease‑free survival in 114 patients with osteosarcoma.

	 Overall survival 	 Disease‑free survival
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

miR‑300 expression	 5.964	 2.349‑10.697	 0.009a	 5.112	 2.136‑9.482	 0.019a

Clinical stage	 4.936	 1.989‑8.587	 0.011a	 3.216	 2.102‑6.964	 0.031a

Metastasis status	 6.102	 3.652‑11.036	 0.006a	 5.563	 2.645‑8.254	 0.012a

aP≤0.05. CI, confidence interval; HR, hazard ratio; miR, microRNA.
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could inhibit cell invasion and metastasis by negatively 
regulating EMT in head and neck squamous cell carcinoma. 
By contrast, the expression of miR‑300 was upregulated in 
glioma tissues and glioma stem‑like cells, and overexpression 
of miR‑300 could promote the self‑renewal and cell prolifera-
tion of glioma stem‑like cells (34). Similarly, the expression 
of miR‑300 was also reported to be elevated in osteosarcoma 
tissues and cell lines compared with that in adjacent non‑tumor 
bone tissues and osteoblastic cells (32). Notably, the overexpres-
sion of miR‑300 could promote cell proliferation and invasion 
in osteosarcoma cells (32). In the present study, elevated serum 
miR‑300 expression was identified in osteosarcoma patients, 
and its significant association with adverse clinicopathological 
features was confirmed, further suggesting the oncogenic role 
of miRNAs in osteosarcoma. These findings were consistent 
with those from a previous study, which reported that miR‑300 
could promote cell proliferation and cell invasion in vitro for 
the first time (32).

Although our current study indicates that serum miR‑300 
may be a promising screening tool for osteosarcoma, we 
acknowledge two potential limitations of using miR‑300 as 
a single biomarker for the early detection of osteosarcoma. 
First, circulating expression of miR‑300 has been described 
in numerous solid cancers besides osteosarcoma, including 
glioma and head and neck squamous cell carcinoma (33,34). 
As a consequence, it may be challenging to differentiate 
whether circulating miR‑300 expression is specifically associ-
ated with osteosarcoma itself or is a common phenomenon 
that manifests during the progression of any cancer as a result 
of perturbations in the host immune response (35,36). Second, 
although it is highly unlikely to have a substantial impact, 
the use of serum miR‑300 expression levels as a diagnostic 
and prognostic biomarker must be validated in diverse ethnic 
populations, since the clinical specimens analyzed in our study 
were solely from patients of Chinese origin.

In conclusion, the present study demonstrated that serum 
miR‑300 was an effective diagnostic biomarker in osteosar-
coma patients. Besides, it was also demonstrated that serum 
miR‑300 levels were more frequently elevated in osteosarcoma 
patients with adverse clinical stage and presence of distant 
metastasis than osteosarcoma patients without adverse clinical 
stage and presence of distant metastasis. Multivariate survival 
analyses demonstrated that serum miR‑300 was an indepen-
dent prognostic factor for both progression‑free and overall 
survival in osteosarcoma patients. Our results provide compel-
ling evidence for the potential usefulness of serum miR‑300 as 
a non‑invasive screening tool and effective prognostic tool in 
patients with osteosarcoma.
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