
ORIGINAL PAPER

Prognostic evaluation of microRNA-210 expression in pediatric
osteosarcoma

Haiqing Cai • Lijun Lin • Haikang Cai •

Mingjie Tang • Zhigang Wang

Received: 15 January 2013 / Accepted: 4 February 2013 / Published online: 22 February 2013

� Springer Science+Business Media New York 2013

Abstract MicroRNA-210 (miR-210) plays important roles

in the regulation of cell growth, angiogenesis, and apoptosis

in different cancer type. Previous study of miRNA expres-

sion profiling found that miR-210 was significantly elevated

in osteosarcoma samples. However, its roles in this disease

have not been fully elucidated. Thus, the aim of this study

was to investigate the association of miR-210 expression

with clinicopathologic features and prognosis in patients

with osteosarcomas. Quantitative real-time reverse trans-

criptase-polymerase chain reaction analysis was performed

to detect the expression level of miR-210 in cancerous and

noncancerous bone tissues from 92 children treated for

primary osteosarcomas. MiR-210 expression was signifi-

cantly increased in osteosarcoma tissues compared with that

in corresponding noncancerous bone tissues (P \ 0.001). In

addition, miR-210 upregulation more frequently occurred

in osteosarcoma tissues with large tumor size (P = 0.02),

poor response to preoperative chemotherapy (P = 0.008),

and positive metastasis (P = 0.01). Moreover, miR-210

upregulation was associated with significantly decreased

overall survival (P = 0.007) and progression-free survival

(P = 0.01). In the Cox proportional hazard model, it was

confirmed that its expression in the biopsy samples was an

independent prognostic factor of unfavorable survival in

osteosarcoma (for overall survival: P = 0.01; for progres-

sion-free survival: P = 0.02). These findings suggested that

miR-210 upregulation showed a strong correlation with tumor

aggressive progression of pediatric osteosarcoma and could

help prognostic screening of patients with this malignancy.

Keywords Pediatric osteosarcoma �miR-210 � Prognosis �
Overall survival � Progression-free survival

Introduction

Osteosarcoma is the most common malignant tumor of bone

arising from primitive bone-forming mesenchymal cells and

a leading cause of cancer-related death among children and

adolescents [1]. It accounts for 60 % of pediatric bone

tumors and has an annual incidence rate of 5.6 per million

[2]. Despite recent advances in these multimodality treat-

ments, the 5-year overall survival rate of osteosarcoma

patients is only 28 % because of high frequency of pul-

monary metastasis [3]. There are several factors, including

the axial localization of the primary tumor, the tumor

diameter of more than 8 cm, and the unfavorable histolog-

ical response to preoperative chemotherapy, that influence

the prognosis [4]. However, they have not been well

established for the prediction of overall survival. Therefore,

it is necessary to investigate the fundamental molecular
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mechanisms underlying the histological heterogeneity, drug

resistance, and development of metastasis in order to iden-

tify novel markers for the diagnosis, the prognosis, and the

treatment for patients with this disease.

MicroRNAs (miRNAs), the small (usually 18–25 nucle-

otides in length) and noncoding RNAs of endogenous origin,

mainly function as negative regulators of gene expression

[5]. The mature miRNA either destabilizes the target mRNA

transcript or blocks its translation or both. In this way,

miRNAs have the potential to regulate various critical bio-

logical processes, such as cell cycle, apoptosis, and differ-

entiation [6]. Recently, expressions of miRNAs have been

found to be deregulated in many sarcomas and are implicated

in sarcoma pathobiology. Gene regulatory networks medi-

ated by miRNAs in each sarcoma type could be potentially

investigated in the prevention, diagnosis, prognosis, and as

multimodal treatment options in these cancers [7]. Lulla et al.

[8] identified 22 differentially expressed miRNAs in osteo-

sarcomas. Interestingly, they found that miR-210, a key

player in the hypoxic response, was significantly elevated in

osteosarcoma tissues compared with the corresponding

controls. According to our literature retrieval, miR-210 has

been demonstrated to be upregulated in all cell types in

hypoxic conditions [9]. It was also found to be a positive

regulator of osteoblastic differentiation through the inhibi-

tion of activin A receptor type 1B [10]. Given the importance

of this miRNA, further investigation on the role of miR-210

in osteosarcoma is required to be performed.

The aim of the present study was to investigate whether

the assessment of miR-210 expression in biopsy samples in

large series of clinically homogeneous pediatric osteosar-

coma patients with at least 5-year follow-up is useful for

predicting survival.

Materials and methods

Patients and tissue samples

This study was approved by the Research Ethics Com-

mittee of Shanghai Children’s Medical Center Affiliated to

Shanghai Jiaotong University School of Medicine, Zhuji-

ang Hospital, Xuhui central hospital, and Shanghai Sixth

People’s Hospital, China. Written informed consent was

obtained from all of the patients. All specimens were

handled and made anonymous according to the ethical and

legal standards.

For quantitative real-time reverse transcriptase-poly-

merase chain reaction (qRT-PCR) analysis, 92 pediatric

patients with osteosarcomas (age range: 4–20 years, med-

ian 13 years) and corresponding noncancerous bone tissue

samples from the same specimens were collected from

Shanghai Children’s Medical Center Affiliated to Shanghai

Jiaotong University School of Medicine, Zhujiang Hospi-

tal, Xuhui central hospital, and Shanghai Sixth People’s

Hospital, China, from 1999 to 2008. After establishing the

diagnosis, all patients were treated with a preoperative

chemotherapy lasting 4 months, using either the combi-

nation of an anthracycline (doxorubicin) and high-dose

methotrexate or the combination of etoposide, ifosfamide,

and high-dose methotrexate. The postoperative treatment

was determined by the histologic system established by

Huvos et al. [11]. The following clinical parameters were

analyzed: age, gender, site of tumor, tumor size, presence

of pathological fracture and distant metastasis, histological

subtype of osteosarcoma, type of surgery, and histological

response to preoperative chemotherapy graded on the basis

of the amount of remaining viable tumor cells in the

resected specimen (a 10 % cutoff was used to discriminate

between good and poor response as proposed in Salzer-

Kuntschik Classification [12]). The clinicopathological

information of the patients is shown in Table 1. Tumor

biopsies were collected before neoadjuvant therapy and

were fresh-frozen, stored at -80 �C, and histologically

characterized by the pathologist.

All 92 pediatric patients with osteosarcoma received

follow-up. The median follow-up was 82 months (range:

10–133 months). During the follow-up period, 36 patients

(36/92, 39.1 %) died of disease. Metastases developed in 31

patients at a mean of 16.2 months (range 5–49 months)

after the original diagnosis. The median overall survival and

progression-free survival (PFS) of patients were 30 months

(95 % confidence interval [CI], 26.4–42.7 months) and

22 months (95 % CI, 18.3–32.9 months), respectively.

miRNA qRT-PCR assay

The expression levels of miR-210 in osteosarcoma and cor-

responding noncancerous tissues were detected by qRT-PCR

assay. Briefly, total RNA from tissue samples was extracted

with TRizol reagent (Invitrogen, Breda, the Netherlands)

according to the manufacturer’s instructions. cDNA was

reverse transcribed from total RNA samples using specific

miRNA primers from the TaqMan MicroRNA Assays and

reagents from the TaqMan MicroRNA Reverse Transcription

kit (Applied Biosystems, Foster City, CA, USA) according to

manufacturer’s instructions. Products were amplified by PCR

using TaqMan Universal PCR Master Mix kit (Applied Bio-

systems). Primers were purchased from Applied Biosystems:

hsa-miR-210 (CUGUGCGUG UGACAGCGGCUGA) and

RNU6B (CGCAAGGAUGACACGCAAAUUCGUGAAG

CGUUCCAUAUUUUU). Values for miR-210 were nor-

malized to the expression levels of RNU6B. Real-time PCR

was performed in ABI 7500 (Applied Biosystems).
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Statistical analysis

The software of SPSS version 13.0 for Windows (SPSS

Inc, IL, USA) and SAS 9.1 (SAS Institute, Cary, NC) was

used for statistical analysis. Continuous variables were

expressed as X � s . The paired t test was used to evaluate

the differences in miR-210 expression levels in osteosar-

coma and corresponding noncancerous bone tissues. The

chi-square test was used to show differences in categorical

variables. Patient survival and their differences were

determined by Kaplan–Meier method and log-rank test.

Cox regression (Proportional hazard model) was adopted

for multivariate analysis of prognostic factors. Differences

were considered statistically significant when P was less

than 0.05.

Results

Elevated expression of miR-210 in pediatric osteosarcoma

tissues

The expression levels of miR-210 in osteosarcoma and

corresponding noncancerous bone biopsy samples were

detected by qRT-PCR and normalized to RNU6B. Com-

pared to noncancerous bone tissues, the expression levels of

miR-210 in osteosarcoma tissues were distinctly elevated

(Fig. 1). As the statistic results, the relative level of miR-

210 expression normalized to RNU6B in osteosarcoma

tissues (mean ± SD: 3.3 ± 0.8) was significantly higher

than that in corresponding noncancerous bone tissues

(mean ± SD: 2.0 ± 0.7; P \ 0.001). The median of miR-

210 expression levels in all 92 patients with osteosarcoma

was 3.2. We divided the patients into two groups according

to their expression levels of miR-210 using its median as a

cutoff: high miR-210 expression group (n = 48, mean ±

SD: 3.8 ± 0.5) and low miR-210 expression group (n =

44, mean ± SD: 2.8 ± 0.4).

Elevated expression of miR-210 associates

with advanced clinicopathological features of pediatric

osteosarcoma

Table 1 summarized the associations of miR-210 expres-

sion with various clinicopathological parameters of osteo-

sarcoma tissues. In patients with large tumor size ([8 cm),

miR-210 upregulation occurred significantly more often

than those with small tumor size (B8 cm, P = 0.02).

Taking into consideration the relationship between miR-

210 expression and the response to preoperative chemo-

therapy, we found that patients in high miR-210 expression

Table 1 Correlation of miR-210 expression with clinicopathological

features of osteosarcoma

Clinicopathological

features

No. of

cases

miR-210 expression P

High (n %) Low (n %)

Age

\13 52 30 (57.7) 22 (42.3) 0.1

C13 40 18 (45.0) 22 (55.0)

Gender

Male 56 30 (53.6) 26 (52.1) 0.6

Female 36 18 (50.0) 18 (50.0)

Tumor size (cm)

[8 50 31 (62.0) 19 (38.0) 0.02

B8 42 17 (40.5) 25 (59.5)

Localization of the primary tumor

Femur 53 22 (41.5) 31 (58.5) 0.3

Tibia 25 17 (68.0) 8 (32.0)

Humeral bone 9 6 (66.7) 3 (33.3)

Other 5 3 (60.0) 2 (40.0)

Pathological facture

Present 10 5 (50.0) 5 (50.0) 0.6

Absent 82 43 (52.4) 39 (47.6)

Subtype of osteosarcoma

Conventional 38 20 (52.6) 18 (47.4) 0.8

Non-conventional 54 28 (51.9) 26 (48.1)

Chemotherapy

ADM/DDP 58 31 (53.4) 27 (36.6) 0.5

ADM/MTX 34 17 (50.0) 17 (50.0)

Metastasis

Present 31 20 (64.5) 11 (35.5) 0.01

Absent 61 28 (45.9) 33 (54.1)

Response to preoperative chemotherapy

Good 50 37 (74.0) 13 (26.0) 0.008

Poor 42 11 (26.2) 31 (73.8)

Fig. 1 miR-210 expressions in 166 pairs of osteosarcoma and

corresponding noncancerous bone tissues were, respectively, detected

by real-time quantitative RT-PCR assay. The expression levels of

miR-210 in osteosarcoma tissues were significantly lower than those

in corresponding noncancerous bone tissues (P \ 0.0001)
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group had poorer response to preoperative chemotherapy

than those in low miR-210 expression group (P = 0.008).

The elevated expression of miR-210 was also associated

with the presence of metastasis (P = 0.01). Detailed results

of other statistical tests of miR-210 expression and clini-

copathological parameters are presented in Table 1.

Elevated expression of miR-210 confers poor prognosis

in patients with osteosarcomas

Using Kaplan–Meier method and log-rank test, the overall

survival (OS, Fig. 2a, P = 0.007) and progression-free

survival (PFS, Fig. 2b, P = 0.01) of pediatric osteosar-

coma patients with high miR-210 expression were both

significantly shorter than those with low miR-210 expres-

sion. Besides, the survival benefits were also found in those

with smaller tumor size (P = 0.008 and 0.01, respectively),

without metastasis (P \ 0.001 and 0.001, respectively),

and better response to preoperative chemotherapy (both

P = 0.01) for OS and PFS.

In the Cox proportional hazard model, it was confirmed

that miR-210 expression in the biopsy samples (for OS: RR

3.3, 95 % CI, 1.0–8.1, P = 0.01; for PFS: RR 2.6, 95 %

CI, 0.8–7.2, P = 0.02), tumor size (for OS: RR 3.5, 95 %

CI, 1.0–8.4, P = 0.01; for PFS: RR 2.9, 95 % CI, 0.8–7.6,

P = 0.02), metastasis status (for OS: RR 4.2, 95 % CI,

1.6–10.3, P = 0.006; for PFS: RR 3.9, 95 % CI, 1.3–9.6,

P = 0.008), and response to preoperative chemotherapy

(for OS: RR 2.5, 95 % CI, 0.9–7.3, P = 0.02; for PFS: RR

2.1, 95 % CI, 0.6–6.6, P = 0.03) was independent prog-

nostic factors of unfavorable survival in pediatric osteo-

sarcoma (Table 2).

Discussion

The importance of miRNAs in solid tumors and their

potential utility as prognostic factors have become appar-

ent. In the current study, we firstly found that miR-210

expression was increased in pediatric osteosarcoma tissues

compared with noncancerous bone tissues; Then, the

upregulation of miR-210 in osteosarcoma tissues was sig-

nificantly correlated with aggressive clinicopathological

features; Moreover, the results of Kaplan–Meier analyses

shown that osteosarcoma tissues with the increased

expression of miR-210 tend to have shorter overall and

progression-free survival. Finally, the multivariate analysis

clearly indicated that the increased expression of miR-210

in biopsy samples may be considered as a prognostic factor

in pediatric osteosarcoma for decreased survival and a

greater probability of disease progression regardless of

oncological treatment. To our knowledge, this is the first

study to investigate the clinical significance of miR-210 in

pediatric osteosarcoma patients.

Hypoxia is a common feature of various pathological

conditions including tissue ischemia, inflammation, and

solid tumors [13]. miR-210 is the miRNA most frequently

associated with tumor hypoxia, and recent studies have

demonstrated that miR-210 is highly upregulated in hyp-

oxic cells [14]. The stem-loop of miR-210 is located in an

intron of a noncoding RNA, which is transcribed from

Fig. 2 Overall survival (a) and progression-free survival (b) curves

for two groups defined by low and high expression of miR-210 in

patients with pediatric osteosarcoma. The patients with high miR-210

expression had a significantly worse 5-year overall (P = 0.007) and

progression-free (P = 0.01) survival rate than those with low miR-

210 expression

Table 2 Multivariate survival analysis of overall survival and pro-

gression-free survival in 92 patients with pediatric osteosarcoma

Variables Overall survival Progression-free

survival

RR 95 % CI P RR 95 %

CI

P

miR-210 expression 3.3 1.0–8.1 0.01 2.6 0.8–7.2 0.02

Tumor size 3.5 1.0–8.4 0.01 2.9 0.8–7.6 0.02

Metastasis status 4.2 1.6–10.3 0.006 3.9 1.3–9.6 0.008

Response to

preoperative

chemotherapy

2.5 0.9–7.3 0.02 2.1 0.6–6.6 0.03
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AK123483 on chromosome 11p15.5 [15]. It plays impor-

tant roles in cell survival and tumor initiation. By a

microarray analysis, miR-210 has been identified as the

predominant miR induced by hypoxia in pancreatic cancer

cell lines as its induction was dependent on HIF-1a which

regulates miR-210 by directly binding to a hypoxia

responsive element on the proximal miR-210 promoter

[16]. Recent studies have found that the expression of

miR-210 is also upregulated in many other cancers

including head and neck cancer, glioblastoma, breast

cancer, non-small-cell lung cancer, malignant melanoma,

prostate cancer, renal cell carcinoma, and osteosarcomas

[17–20]. It functions either as a diagnostic factor or as a

prognostic marker. From a diagnostic standpoint, Wang

et al. [21] reported that the expression level of miR-210

was distinctly increased in the serum from patients with

diffuse large B-cell lymphoma and in the plasma of pan-

creatic cancer patients. From a prognostic standpoint,

Rothe et al. [22] found that miR-210 was significantly

associated with poor clinical outcome in ER-positive,

tamoxifen-treated breast cancer patients. Greither et al.

[23] indicated that miR-210 might be a strong potential

biomarker of prognosis in a gender-specific manner in soft-

tissue sarcoma. Gee et al. [24] reported that high levels of

miR-210 were associated with locoregional disease recur-

rence and short overall survival in patients with head and

neck cancer.

According to the publication referenced above, there is

no report concerning the involvement of miR-210 in pedi-

atric osteosarcoma. The interesting aspect of our study is the

association of miR-210 upregulation with the advanced

tumor progression and unfavorable prognosis in pediatric

osteosarcoma. However, the current study was limited by its

retrospective nature which led to our results being consid-

ered exploratory. Then, the tumor sample size was rela-

tively smaller. Further experimental validation using a large

number of tumor samples should be performed.

In conclusion, these findings suggested that miR-210

upregulation showed a strong correlation with tumor

aggressive progression of pediatric osteosarcoma and could

help prognostic screening of patients with this malignancy.

This study is hypothesis generating, and that further pro-

spective analysis should be worth doing.
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