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Low miR-491-5p is an unfavorable prognostic marker 
for osteosarcoma
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Abstract: Osteosarcoma is one of the most leading causes of cancer-related mortality in children and adoles-
cence around the world. The aim of this study was to determine the clinical value of miR-491-5p in osteosarcoma. 
Quantitative real-time PCR was used to evaluate miR-491-5p level in the tissue/serum samples from patients with 
osteosarcoma. Then the clinical significance of tissue/serum miR-491-5p was analyzed. Our resulted showed that 
the expression level of miR-491-5p was significantly decreased in cancer tissues compared to adjacent normal 
tissues. Serum miR-491-5p was downregulated in osteosarcoma patients and was able to differentiate the osteo-
sarcoma patients from healthy volunteers. In addition, tissue and serum miR-491-5p was highly correlated. Tissue/
serum miR-491-5p was significantly associated with various clinicopathological parameters such as distant me-
tastasis, clinical stage and histological grade. Moreover, osteosarcoma patients with lower levels of tissue/serum 
miR-491-5p suffered worse 5 year overall/disease free survival. Finally, both tissue and serum miR-491-5p were 
independent prognostic factors for osteosarcoma. This study demonstrated that miR-491-5p had strong potential to 
serve as a noninvasive biomarker for osteosarcoma diagnosis and predicting prognosis.
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Introduction

Osteosarcoma (OS) comprises about 20 per-
cent of all primary bone malignancy and is the 
common cause of cancer related death in chil-
dren and adolescence [1, 2]. The therapeutic 
strategies for osteosarcoma includes tumor 
excision, chemotherapy and radiotherapy. 
Although great advance has been made in the 
treatment of this malignancy, the clinical out-
come of osteosarcoma patients in the late 
stage remains poor [3]. The molecular mecha-
nisms accounting for the pathogenesis of 
osteosarcoma is unclear. Thus it is very impor-
tant to find out novel targets for osteosarcoma 
diagnosis and prognosis.

MicroRNAs (miRNAs) are a group of small, high-
ly conserved non-coding RNA molecules with 
20-22-nucleotide (nt) in length [4]. There is a 
considerable amount of evidence indicating 
that miRNAs play critical roles in regulating 
almost, if not all, biological functions such as 
cell proliferation, differentiation and develop-
ment [5, 6]. As deregulated expression of miR-
NAs is significantly associated with the initia-

tion and progression of cancer, they have been 
demonstrated to be useful biomarkers for 
tumor detection, diagnosis and prognosis pre-
diction [7, 8]. miR-542-5p level was significantly 
increased in osteosarcoma tissues compared 
to the adjacent normal tissues. In addition, 
osteosarcoma patients with higher tissue miR-
542-5p expression had worse disease free sur-
vival, indicating miR-542-5p was a potential 
prognostic biomarker for osteosarcoma [9]. 
Serum miR-152 level was able to discriminate 
patients with osteosarcoma from healthy con-
trols. In addition, decreased miR-152 level was 
correlated with poor prognosis of osteosarco-
ma, suggesting that miR-152 might be a predic-
tor for diagnosis and prognosis of osteosarco-
ma [10].

Aberrant expression of miR-491-5p has been 
reported in various types of cancers such as 
breast cancer, cervical cancer and lung cancer 
[11-13]. However, the clinical significance of 
miR-491-5p in osteosarcoma was unknown. In 
this study, we aimed to determine the potential 
prognosis value of tissue miR-491-5p in 
osteosarcoma.
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Materials and methods

Patient cohort and sample preparation

A total of 72 patients with osteosarcoma and 
40 healthy volunteers were recruited in the 
present study. None of the patients received 
chemotherapy or radiotherapy before the sur-
gery. The study was approved by the Ethics 
Committee of Shanghai Tongji Hospital. Written 
informed consent was obtained for the acquisi-
tion and use of patient tissue/serum samples 
as well as clinical data. The patients with osteo-
sarcoma was pathologically confirmed and clin-
ically staged based on the International Union 
Against Cancer (UICC). The clinicopathologcal 
parameters were collected from the medical 
records and are summarized in Table 1.

For the tissue samples, all specimens were 
snap-frozen in liquid nitrogen immediately after 

surgical resection, and then stored at -80°C. 
For the serum samples, about 3 mL venous 
blood were drawn and then allow the clot to 
form. Then the blood was centrifuged at 1100 g 
for 20 min at room temperature. The serum 
samples were transferred to labeled cryovials. 
The specimens were stored at -80°C until RNA 
extraction.

Real-time polymerase chain reaction

The total RNA was extracted from tissue and 
serum samples using Trizol and miRNeasy 
Serum/Plasma kit (Qiagen, Hilden, Germany) 
according to manufacturer’s instructions resp- 
ectively. The quality of the RNA were deter-
mined using UV spectrophotometry (A260/
A280 ratio of 1.8-2.0). The miScript II RT Kit 
(Qiagen) was used to generate cDNA. RT-qPCR 
was performed to detect miR-491-5p expres-
sion levels using the SYBR Premix DimerEraser 
(Takara, Dalian, China) on a ABI PRISM 7500 
sequence detection system (Applied Biosy- 
stems, Foster City, CA, USA). U6 snRNA was 
used as internal control and relative expression 
was calculated according to the Ct method 
(2-ΔΔCt).

Statistical analysis

All the data was analyzed with GraphPad Prism 
5 (La Jolla, CA, USA). Mann-Whitney U test was 
performed to compare the differences of tis-
sue/serum miR-491-5p between experimental 
groups. The linear correlation coefficient was 
used to estimate the relationship between tis-
sue and serum miR-491-5p level. The associa-
tion between tissue/serum miR-491-5p and 
various clinicopathological parameters of oste- 
osarcoma was analyzed by Chi-square test. The 
receiver operating characteristic (ROC) curves 
were established for evaluating the diagnostic 
value of serum miR-491-5p. Survival data was 
analyzed using the Kaplan-Meier method. The 
Cox proportional hazards model were employed 
to find out the independent prognostic factor 
for osteosarcoma. A p-value of <0.05 was con-
sidered statistically significant.

Results

The expression of tissue and serum miR-491-
5p in patients with sarcoma

The tissue expression level of miR-491-5p was 
detected in 72 osteosarcoma samples and 

Table 1. Relationship between tissue miR-
491-5p and the clinicopathological features 
of osteosarcoma

Parameters No. of 
cases 

Tissue 
miR-491-5p P

  High Low 
Gender 0.633
    Male 42 20 22
    Female 30 16 14
Age 0.448
    <20 49 26 23
    ≥20 23 10 13
Tumor site 0.181
    Femur/Tibia 53 24 29
    Others 19 12 7
Tumor size (cm) 0.018
    <8 34 22 12
    ≥8 38 14 24
Distant metastasis 0.003
    No 46 29 17
    Yes 26 7 19
Clinical stage 0.023
    I 6 4 2
    IIA 27 19 8
    IIB 34 11 23
    III 5 2 3
Histological grade 0.031
    I 20 15 5
    II 34 14 20
    III 18 7 11
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matched normal tissues. The real-time PCR 
results showed that tissue miR-491-5p was sig-
nificantly downregulated in the cancer tissues 
compared to the adjacent normal tissues 
(**P<0.01) (Figure 1A). Similarly, the serum 
expression level of miR-491-5p was examined 
in 72 osteosarcoma patients and 40 healthy 
controls. We observed that significantly lower 
serum miR-491-5p in the osteosarcoma 
patients in comparison with the healthy volun-
teers (**P<0.01) (Figure 1B). Then the correla-
tion between tissue and serum miR-491-5p 
was evaluated. The data suggested that tissue 
and serum miR-491-5p was highly correlated 
(r=0.533) (Figure 1C).

The diagnostic value of serum miR-491-5p in 
osteosarcoma

ROC curve analysis demonstrated that serum 
miR-491-5p was able to discriminate the osteo-
sarcoma patients from healthy controls and the 
area under the curve (AUC) value was 0.834. 
The sensitivity and specificity was 72% and 
86% respectively (Figure 2).

Tissue/serum miR-491-5p level was associ-
ated with clinicopathological parameters of 
osteosarcoma

The Chi-squared analysis showed that tissue 
miR-491-5p was significantly associated with 
tumor size (P=0.018), distant metastasis 
(P=0.003), clinical stage (P=0.023) and histo-
logical grade (P=0.031). However, its level was 
not correlated with age, gender and tumor site 
(Table 1).

For the serum miR-491-5p, the results showed 
that low serum miR-491-5p occurred more fre-
quently in osteosarcoma patients with distant 
metastasis (P=0.006), advanced clinical stage 
(P=0.009) and histological grade (P=0.033), 
while no significant association between serum 
miR-491-5p and age, gender, tumor site and 
tumor size (Table 2).

Prognostic value of tissue/serum miR-491-5p 
in osteosarcoma

The survival analysis showed that the osteosar-
coma patients with lower tissue miR-491-5p 

Figure 1. Expression level of tissue and serum miR-
491-5p in osteosarcoma.
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had a shorter overall survival (OS) (P=0.004) 
and disease free survival (DFS) (P=0.042) time 
than the patients with higher tissue miR-491-
5p (Figure 3A). Similarly, the osteosarcoma 
patients in the low serum miR-491-5p group 
suffered more unfavorable overall (P<0.001) 
and disease free survival (P=0.002) compared 
to those in the high serum miR-491-5p group 
(Figure 3B).

A multivariate Cox regression analysis was per-
formed to determine the prognostic value of 
miR-491-5p in osteosarcoma. The results 
showed that distant metastasis (OS: HR=3.65, 
95% CI=1.52-6.48, P=0.005; DFS: 3.78, 95% 
CI=1.54-7.93, P=0.004), clinical stage (OS: 
HR=2.86, 95% CI=1.34-5.15, P=0.016; DFS: 
2.71, 95% CI=1.30-5.42, P=0.019), tissue miR-
491-5p (OS: HR=2.55, 95% CI=1.28-4.64, P= 
0.039; DFS: 2.44, 95% CI=1.21-4.51, P=0.030) 
and serum miR-491-5p (OS: HR=2.72, 95% 
CI=1.30-4.92, P=0.028; DFS: 2.64, 95% CI= 
1.27-5.02, P=0.022) were independent prog-
nostic factors for overall and disease free sur-
vival of osteosarcoma patients (Table 3).

Discussion

Osteosarcoma remains a significant public 
health concern. The survival rates for this 
malignancy have remained unchanged at 
60-65% for the past few decades [14]. Thus 
identification of novel diagnostic and prognos-
tic biomarkers might not only contribute to early 
detection of osteosarcoma, but also are benefi-
cial for improving the cure rates for osteosar-
coma. miRNAs has been proved to be closely 
correlated with tumorigenesis and promising 
biomarkers for cancer diagnosis and prognosis 
[15, 16]. miR-491 is commonly co-deleted with 
cyclin dependent kinase inhibitor 2A in many 
types of cancer [17]. miR-491 encodes two 
mature miRNA namely miR-491-3p and miR-
491-5p. Various studies have shown that the 
downstream targets of these two molecules 
are oncogenes. For instance, miR-491-5p 
directly targets EGFR, CDK6 and Bcl-xL, where-
as miR-491-3p targets IGFBP2 and CDK6 [18], 
indicating reduced miR-491-5p might promote 
the carcinogenesis.

Our work demonstrated that miR-491-5p was 
significantly reduced in the tissue and serum 
samples from patients with osteosarcoma. In 
addition, serum miR-491-5p was able to differ-

Table 2. Relationship between serum miR-
491-5p and the clinicopathological features 
of osteosarcoma

Parameters No. of 
cases 

Serum 
miR-491-5p P

High Low
Gender 0.217
    Male 42 23 19
    Female 30 12 18
Age 0.551
    <20 49 25 24
    ≥20 23 10 13
Tumor site 0.508
    Femur/Tibia 53 27 26 
    Others 19 8 11
Tumor size (cm) 0.101
    <8 34 20 14
    ≥8 38 15 23
Distant metastasis 0.006
    No 46 28 18
    Yes 26 7 19
Clinical stage 0.009
    I 6 6 0
    IIA 27 16 11
    IIB 34 12 22
    III 5 1 4
Histological grade 0.033
    I 20 14 6
    II 34 16 18 
    III 18 5 13

Figure 2. Diagnostic value of serum miR-491-5p.
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entiate osteosarcoma from healthy volunteers 
with high accuracy. Reduced tissue/serum 
miR-491-5p expression were both significantly 
associated with worse clinical outcome of os- 
teosarcoma. Furthermore, tissue/serum miR-
491-5p were proved to be independent prog-
nostic factors for osteosarcoma, suggesting 
that miR-491-5p played a tumor suppressive 
role in osteosarcoma and its downregulation 
might promote its progression. Consistent with 
our findings, Yin et al reported that miR-491-5p 
was downregualted in osteosarcoma tissues 
and cell lines. In addition, miR-491-5p overex-
pression inhibited proliferation capacity of 
osteosarcoma cells and induced apoptosis by 

colon cancer tissues especially those from 
aged patients. In addition, patient with higher 
miR-491-5p had favorable survival time than 
those with lower miR-491-5p, suggesting miR-
491-5p was a potential prognostic marker for 
colon cancer [20]. Li et al showed that both 
miR-491-5p and miR-491-3p was decreased in 
glioblastoma tissues when compared to normal 
controls. Moreover, overexpression of miR-491-
5p suppressed the oncogenic behaviors of glio-
ma cells both in vitro and in vivo, and opposite 
findings were observed when miR-491-5p was 
underexpressed, indicating miR-491-5p was a 
tumor suppressor gene in glioblastoma [18]. 
Similarly, reduced miR-491-5p expression was 

Figure 3. Association between tissue/serum miR-491-5p levels and overall/disease free survival.

Table 3. Multivariate analysis of parameters associated with over-
all survival and disease free survival
Parameters Overall survival Disease free survival

HR 95% CI P HR 95% CI P
Distant metastasis 3.65 1.52-6.48 0.005 3.78 1.54-7.93 0.004
Clinical stage 2.86 1.34-5.15 0.016 2.71 1.30-5.42 0.019
Tissue miR-491-5p 2.55 1.28-4.64 0.039 2.44 1.21-4.51 0.030
Serum miR-491-5p 2.72 1.30-4.92 0.028 2.64 1.27-5.02 0.022

targeting forkhead-box P4 [19]. 
This study further confirmed 
our results that miR-491-5p 
might acted as a tumor sup-
pressor in osteosarcoma. 

miR-491-5p has been reported 
to be a tumor suppressor in 
various types of cancers. The 
expression level of miR-491-
5p was remarkably reduced in 
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significantly associated with worse overall sur-
vival of patients with oral squamous cell carci-
noma. Ectopic expression of miR-491-5p sup-
pressed the invasive capacity of oral cancer 
cells both in vitro and in vivo. Furthermore, 
G-protein-coupled receptor kinase-interacting 
protein 1 was demonstrated to be a down-
stream target of miR-491-5p [21].

In conclusion, both tissue and serum miR-491-
5p were significantly reduced in patients with 
osteosarcoma. In addition, reduced tissue/
serum miR-491-5p was correlated with tumor 
development and poor prognosis, indicating 
miR-491-5p might be employed as a promising 
diagnostic and prognostic biomarker for 
osteosarcoma.
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