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Abstract. – OBJECTIVE: MiR-564 has been 
reported to be involved in the development of 
several types of cancers. However, its clinical 
significance in osteosarcoma (OS) has not been 
investigated. We aimed to explore the prognos-
tic value of miR-564 in OS patients. 

PATIENTS AND METHODS: Quantitative RT-
PCR assay was used to detect the expression 
levels of miR-564 in OS tissues and matched 
normal bone tissues. The correlation between 
miR-564 expression and clinicopathological fea-
tures was analyzed by Pearson’s χ2-test. The dis-
ease-free survival and overall survival rates of 
OS patients were calculated by the Kaplan-Mei-
er method. Cox regression analysis was used to 
assess factors related to survival.

RESULTS: We observed that the level of miR-
564 was significantly reduced in OS tissues com-
pared with that in the paired noncancerous bone 
tissues (p < 0.01). In addition, low miR-564 ex-
pression was found to be closely correlated 
with advanced clinical stage (p = 0.000) and dis-
tant metastasis (p = 0.003). Furthermore, surviv-
al analyses showed that patients with low expres-
sion of miR-564 had a shorter overall survival (p 
= 0.001) and disease-free survival (p = 0.001) than 
those with high expression of miR-564. Final-
ly, we showed that miR-564 was an independent 
poor prognostic factor for both 5-year overall sur-
vival (p = 0.001) and 5-year disease-free survival 
(p = 0.001) through multivariate analysis.

CONCLUSIONS: Overall, our data for the first 
time suggest that downregulated miR-564 may 
be used as a novel prognosis predictor of OS.
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Introduction

Osteosarcoma (OS) is one of the most common 
primary malignant tumors, which is prevalent in 
teenagers and young adults1. OS was involved 
in the regulation of the distal long bones through 

the formation of neoplastic bone tissue2. Recenly, 
approximately 7000 new cases are diagnosed an-
nually in China3. Despite the rapid development 
in therapeutic strategies, the overall survival rate 
of osteosarcoma has not been substantially impro-
ved4,5. For both low- and high-grade OS, metasta-
sis is one of the primary unfavorable factors for 
prognosis6. On the other hand, diagnosis at ad-
vanced stage should take the blame for the high 
mortality rate of OS7. Therefore, it is of great si-
gnificance to investigate biomarkers, which could 
predict metastasis and identify OS at an early cli-
nical stage to improve the individual treatment.

MicroRNAs (miRNAs) are a group of non-co-
ding RNAs with a size of 21-24 nucleotides and 
act as post-transcriptional regulators of gene 
expression8. MiRNA plays an important role in 
normal tissue development and cell differentia-
tion, proliferation, and apoptosis9,10. Importantly, 
several studies11-15 have confirmed that dysregu-
lation of miRNAs expression occurs in various 
types of human cancers in breast, lung, liver, 
pancreas and colon. In malignancy, miRNAs can 
function as oncogenes or tumor suppressor ge-
nes, depending on their targets, which may pro-
vide insight into the diagnosis and prognosis of 
human malignancies16,17. MiR-564, a tumor-rela-
ted miRNA, has been reported to be abnormally 
expressed in several tumors, including OS18,19. Ru 
et al19 firstly showed that miRNA-564 expression 
was down-regulated in OS tissues and cell lines. 
In subsequent in vitro experiment, they found that 
overexpression of miR-564 suppressed the growth 
of OS cells by targeting Akt, suggesting that miR-
564 served as a tumor suppressor in OS. However, 
to date, the potential clinical significance of miR-
564 in OS patients has not been reported. In this 
study, we further determined the expression le-
vels of miR-564 in OS samples from our hospital. 
Then, we firstly explore the association between 
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miR-564 expression and clinicopathological pa-
rameters in OS. In addition, the potential progno-
stic values of miR-564 were also firstly analyzed. 
Our study for the first time reported that miR-564 
acted as a favorable prognostic biomarker in OS 
patients.

Patients and Methods

Patients and Tissue Samples
Between 2009 and 2013, a total of 217 human 

OS samples and the adjacent non-tumor bone 
tissue were collected during surgery at The First 
Bethune Hospital of Jilin University. The sam-
ples were biopsy materials and all patients did not 
previously receive radiotherapy, chemotherapy 
or immunotherapy. All the tissues were histologi-
cally and pathologically diagnosed by two expe-
rienced pathologists. All the resected specimens 
were placed immediately into liquid nitrogen and 
stored at -80°C. Follow-up was performed every 
2-3 months during the first year after surgery until 
January 2018. Details of clinical and pathological 
characteristics of the patients are summarized in 
Table I. All patients showed their full intentions 
to participate in the present study and a written 
consent form was obtained from each patient. 
This study was approved by the Human Ethics 
Committee of The First Bethune Hospital of Jilin 
University.

RNA Extraction, Reverse Transcription, 
and qRT-PCR

In accordance with the manufacturer’s in-
struction, total RNA was extracted from OS tis-
sues by using TRIzol reagent (Life Technolo-
gies, Xian, Shaanxi, China). RNA was reverse 
transcribed into complementary DNA (cDNA) 
using PrimeScript™ RT reagent kit (TaKaRa Bio-
technology Co., Ltd., Dalian, Liaoning, China). 
The expression levels of miR-564 were analyzed 
using SYBR Green PCR Master Mix kit (Applied 
Biosystems, Foster City, CA, USA). PCR cycles 
were as follows: 94°C for 3 min, followed by 40 
cycles of 94°C for 30 s, 60°C for 30 s and 72°C for 
30 s. The expression levels of miR-564 were nor-
malized with the GAPDH. The primes of miR-564 
and GAPDH were obtained from Applied Biosy-
stems (Foster City, CA, USA). The primers were 
as follows: miR-564, forward primer: 5’- GGCA-
TAGGCACGGTGUC -3’ and reverse primer: 5’- 
TGGTGTCGTGGAGTCG -3’; GAPDH, forward 
primer: 5’-AATGACCCCTTCATTGAC-3’ and 
reverse primer: 5’-TCCACGACGTACTCAGC-
GC-3’. Relative quantification was calculated by 
using the 2-ΔΔCt method. All qRT-PCRs were per-
formed in triplicate.

Statistical Analysis
SPSS version 19 (SPSS Inc., Chicago, IL, 

USA) was used for the statistical analysis. The 
measurement data were expressed by mean ± SD. 

Table I. Correlation of miR-564 expression in osteosarcoma with clinicopathologic characteristics.

   miR-564 expression 

Parameters Group Total High Low p-value 

Age (years) < 18 116 55 61 NS
 ≥ 18 101 55 46 
Gender Male 111 60 51 NS
 Female 106 50 56 
Tumor site Femur/Tibia 91 4 50 NS
 Others 126 69 57 
Tumor size (cm) < 8 130 70 60 NS
 ≥ 8 87 40 47 
Serum level of lactate dehydrogenase Elevated 136 68 68 NS
 Normal 81 42 39 
Serum level of alkaline phosphatase Elevated 140 73 67 NS
 Normal 77 37 40 
Differentiation Well and moderate 129 72 57 NS
 Poor 77 37 40 
Clinical stage IIA 124 76 48 0.000
 IIB/III 93 34 59 
Distant metastasis Absent 135 79 56 0.003
 Present 82 31 51 
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Differences between samples were determined 
by Student’s t-test. The relationships between the 
miR-564 expression level and clinicopathological 
parameters were analyzed using the Pearson χ2-
test. Survival curves were obtained by using the 
Kaplan-Meier method and compared by using 
the log-rank test. Multivariate Cox proportional 
hazards analyses were used to analyze the in-
dependent prognostic factors for survival in OS 
patients. A p < 0.05 was considered to indicate a 
statistically significant difference.

Results

MiR-564 is Down-Regulated in Human 
OS Tissues

In order to know the expression manner of 
miR-564, we measured the levels of miR-564 in 
217 pairs of OS and corresponding normal bone 
tissues by qRT-PCR. As shown in Figure 1, we 
found that the expression of miR-564 was de-
creased in OS tissues compared with the paired 
adjacent normal tissues (p < 0.01). Our results 
indicated that miR-564 downregulation may be 
involved in the malignant progression of OS.

Expression Levels of miR-564 and 
Clinicopathological Characteristics in OS

To analyze whether miR-564 was associated 
with the clinical progression of OS, we tested 
the association between miR-564 expression and 
clinicopathological characteristics in the 217 OS 
patients. According to the median ratio of relative 

miR-564 expression (5.32) in tumor tissues, the 
217 HCC patients were divided into two groups: 
relative high miR-564 group and relative low miR-
564 group. The results of x2-test showed that low 
expression of miR-564 was correlated with higher 
clinical stage (p = 0.000) and more distant meta-
stasis (p = 0.003). However, miR-564 expression 
was not correlated with age, gender, tumor size, 
tumor site and differentiation (p > 0.05).

Low miR-564 Expression Predicts Poor 
Prognosis in OS

To further understand the clinical significance 
of low miR-564 expression, the prognostic power 
of miR-564 was determined for overall survi-
val and disease-free survival in 217 OS patien-
ts, using the Kaplan-Meier method and log-rank 
test. Interestingly, the 5-year overall survival (p 
= 0.001, Figure 2) and disease-free survival (p > 
0.000, Figure 3) of OS patients with low miR-564 
expression were shorter compared to those patien-
ts with high miR-564 expression. Moreover, the 
Cox proportional hazards model was employed to 
determine whether miR-564 could be used to pre-
dict the prognosis of OS patients independently. 
As shown in Table II, we found that clinical stage, 
distant metastasis and miR-564 expression were 
independent predictors for overall survival and di-
sease-free survival of patients with OS. 

Figure 1. The relative expression levels of miR-564 in OS 
specimens and matched adjacent noncancerous bone tissue. 
MiR-564 was significantly downregulated in OS tissues 
compared with that in paired adjacent non-tumor bone tis-
sues (p <0.01).

Figure 2. Kaplan-Meier analysis for the overall survival of 
OS patients with different expression of miR-564. Patients 
with low miR-564 expression had a shorter overall survival 
than those low expression (p = 0.001).
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Discussion

OS is characterized by high local aggressive-
ness, rapid growth rate and early metastasis to 
lungs20. Currently, the 5-year overall and disea-
se-free survival rates for OS patients are around 
40-55%21. In order to improve the prognosis of 
OS patients, several clinicopathological features, 
such as TNM stage and differentiation were used 
to predict the long-term prognosis of OS patien-
ts. However, these clinicopathological features 
have not been proven to be sufficiently effecti-
ve22,23. Recently, more and more studies focu-
sed on the potential possibility of tumor-related 

miRNAs as clinical biomarkers for predicting the 
prognosis of OS patients24. Importantly, a number 
of cancer-specific miRNAs have been identified, 
which may be used as novel biomarkers for dia-
gnosis and prognosis25-27. The enormous potential 
of miRNA used as biomarkers encouraged us to 
identify more cancer-associated miRNAs and to 
investigate their clinical significance.

MiR-564, located at 3p21.31, has been repor-
ted to be lowly expressed in several cancers and 
plays a critical role in tumor progression. For in-
stance, Jiang et al28 reported that miR-564 was si-
gnificantly lowly expressed in glioblastoma and 
its overexpression suppressed glioblastoma cell 
proliferation and invasion by targeting TGF-β1, 
suggesting miR-564 as a tumor suppressor in this 
disease. Merve et al29 found that miR-564 expres-
sion was significantly down-regulated in breast 
cancer and associated with five-year overall sur-
vival. In their in vitro experiment, it was observed 
that up-regulation of miR-564 suppressed breast 
cancer cells migration and invasion by modula-
ting EMT. Meng et al30 revealed that the expres-
sion levels of miR-564 was significantly lower in 
prostate cancer tissues and cell lines compared 
with those in normal prostate tissues and cell li-
nes, respectively. Gain-function assay indicated 
that forced miR-564 expression suppressed me-
tastasis and proliferation of prostate cancer by 
targeting MLLT3. Yang et al31 observed that the 
deregulated expression of miR-564 was associa-
ted with poor prognosis and aggressive phenotype 
of human lung cancer, and promotion of miR-564 
inhibits the proliferation and motility of lung can-
cer cells in vitro by targeting ZIC3. Those findin-
gs suggested miR-564 as a tumor suppressor in 
above tumors. Interestingly, Ru et al19 firstly re-
ported miR-564 as a down-regulated miRNA in 

Table II. Multivariate survival analysis of overall and disease-free survivals in 217 osteosarcoma patients.

 Overall survival Disease-free survival

Variables RR 95% CI p RR 95% CI p
 
Age  1.667 0.682-2.324 0.423 1.442 0.792-2.193 0.238
Gender 2.138 0.793-2.663 0.136 1.783 0.583-2.348 0.113
Tumor site 1.993 0.682-2.332 0.177 2.425 0.893-2.883 0.093
Tumor size 1.532 0.557-2.327 0.113 1.786 0.679-2.669 0.082
Serum level of lactate dehydrogenase 1.889 0.498-3.554 0.153 1.457 0.783-2.784 0.118
Serum level of alkaline phosphatase 1.253 0.475-2.554 0.574 1.032 0.556-2.019 0.234
Differentiation 2.667 0.687-3.453 0.132 2.884 0.783-3.183 0.117
Clinical stage 4.632 1.453-7.673 0.001 5.327 1.667-8.873 0.001
Distant metastasis 3.284 1.236-5.132 0.006 3.742 1.448-4.673 0.001
miR-564 expression 4.253 1.663-8.632 0.001 4.632 1.884-9.376 0.001

Figure 3. Kaplan-Meier analysis for the overall survival of 
OS patients with different expression of miR-564. Patients 
with low miR-564 expression had a shorter disease-free sur-
vival than those low expression (p = 0.000).
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OS. They performed cells experiments and found 
that overexpression of miR-564 inhibited the 
growth of OS cells via targeting Akt. However, 
the clinical significance of miR-564 in OS has not 
been investigated. In this study, we found that the 
expression levels of miR-564 in OS tissues were 
significantly lower than those in matched adja-
cent normal tissues. This results together with 
previous findings confirmed miR-564 expression 
was down-regulated in OS. In addition, we found 
that miR-564 expression was associated with ad-
vanced clinical stage and positively distant meta-
stasis. More importantly, we firstly reported that 
patients with low miR-564 expression showed 
shorter overall survival and disease-free survival 
than those with high miR-564 expression. Accor-
ding to multivariate analyses, we confirmed that 
miR-564 overexpression was an independent fa-
vorable prognostic biomarker for OS patients. Of 
course, due to the limited sample size in our study, 
further prospective analysis with a large number 
of OS samples is worth doing to further confirm 
our findings.

Conclusions

We demonstrated that miR-564 plays an im-
portant role in tumor development and metastasis 
of OS. To our best knowledge, our results for the 
first time indicate that miR-564 is an important 
indicator of poor survival rate and an independent 
prognostic factor for OS patients.
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