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Abstract: Background: p53 is a well-known tumor suppressor gene involved in malignancy. Many microRNAs (miR-
NAs) have recently been identified as key components of p53 signaling networks, owing to the central role of p53 in 
many processes, these p53-regulated miRNAs may possess important role in osteosarcoma. Methods: The expres-
sion of six p53-related miRNAs (miR-34 family [including miR-34a, 34b and 34c], miR-31, miR-192, and miR-215) 
in 80 pairs of osteosarcoma and corresponding noncancerous bone tissues were estimated by real-time quantita-
tive reverse transcription polymerase chain reaction (RT-qPCR), and the associations of miRNAs expression with 
clinicopathological factors, p53 status, and survival of patients were analyzed. Results: We found that among all six 
miRNAs, miR-34 family, -192, and -215 had decreased levels, whereas the level of miR-31 was increased (p<0.05) 
in tumor compared with corresponding noncancerous bone tissues, and miR-192/215 in patients with p53 posi-
tive expression was lower than those with negative p53. Kaplan-Meier analysis demonstrated that osteosarcoma 
patients with low miR-34a (P=0.000) and miR-192 (P=0.022) expression had poorer disease-free survival (DFS). 
Moreover, disease-free survival (DFS) was shorter for patients with low miR-34a and miR-192 expression (P=0.007) 
and the combination of low miR-192 with p53 positive expression (P=0.000). Furthermore, the multivariate analysis 
identified that low miR-34a expression, the combination of low miR-34a and miR-192 expression levels and the 
combination of low miR-192 with p53 positive were independent biomarkers of shorter DFS. Conclusions: Together, 
these results suggest that p53-associated miR-34a and miR-192 expression could be novel prognosis biomarkers 
for surgically treated osteosarcoma.
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Introduction

Osteosarcoma, as the eighth leading cancer 
with an incidence of 4.4 per million [1], is the 
most common type of primary malignancy 
deriving from primitive bone-forming mesen-
chyme, which mainly arising from the metaphy-
sis of the long bones of adolescents and young 
adults [2]. Although currently patients are rou-
tinely treated with combinatorial chemothera-
py, curative resection of the primary tumor, and 
sometimes radiotherapy, which has been sh- 
own to improve the 5-year survival rate to 
approximately 60-70% [3, 4], a significant pro-
portion of osteosarcoma patients still have a 
risk of local relapse or distant metastasis even 
after surgery and intensive chemotherapy. 

Hence, searching effective biomarkers to pre-
dict prognosis would be not only helpful for risk 
stratification but also offer patients more opti-
mized therapeutic schedule.

The tumor suppressor p53 (TP53) is a central 
modulator of multiple biological and pathologi-
cal processes, including cell cycle progression, 
DNA repair, epithelial-mesenchymal transition, 
stemness, metabolism, cell survival and angio-
genesis. Upregulation of p53 is usually indica-
tive of the presence of mutant TP53 and the 
p53 dysfunction, and p53 gene is reported to 
be mutated in sporadic osteosarcoma ranges 
from 30 to 40% [5]. In addition, Li-Fraumeni 
syndrome, which is characterized by an autoso-
mal dominant mutation of p53, also leads to 
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the development of osteosarcoma [6]. Thus, 
p53 may also have significant implications in 
the tumorigenesis and progression of osteosar-
coma [5, 7, 8].

MicroRNAs (miRNAs) are short, endogenous, 
noncoding RNAs with 22-24 nucleotides in 
length, which negatively regulate RNA transla-
tion to protein by binding to the 3’ untranslated 
regions (3’ UTRs) of their target mRNAs. It has 
been demonstrated that various miRNAs can 
function as oncogenes or tumor suppressor 
genes, regulating tumor cell behaviors includ-
ing proliferation, apoptosis, differentiation and 
metastasis in osteosarcoma [5, 9]. Interestingly, 
p53 not only regulates the expression of pro-
tein-coding genes but also regulates the matu-
ration of miRNAs, lead to attenuation of miRNA 
processing activity [10, 11]. And several 
p53-rugulated miRNAs have been identified as 
important components of the p53 tumor sup-
pressor pathway, influence various cellular bio-

logical process in human osteosarcoma [12]. 
For example, p53-regulated miR-34 family 
(miR-34a, 34b and 34c) can induce G1 arrest 
and apoptosis in a p53-dependent manner in 
osteosarcoma cells [13, 14]. Similarly, p53 also 
induced the upregulation of miR-31, miR-192, 
and miR-215 in osteosarcoma cells, and these 
three miRNAs were reported significantly influ-
ence p53-related cell proliferation or cell cycle 
of osteosarcoma cell lines [15, 16]. 

These data indicate that p53 and these six 
miRNAs work together to influence series of 
biological behavior of human osteosarcoma 
cells. However, the relevance of these factors in 
the prognosis of osteosarcoma remains need 
to be elucidated. In order to shed light on the 
potential role of p53 and these six miRNAs, in 
this present study, we analyzed the expression 
of these miRNAs and p53 in surgically resected 
osteosarcoma patients and their relationship 
with disease-free survival (DFS).

Table 1. Patient characteristics
Clinicopathological fea-
tures

No. of pa-
tients

P value
DFS miR-34a miR-34b miR-34c miR-31 miR-192 miR-215

Age (years) 0.378 0.503 0.452 0.621 0.257 0.343 0.250
    ≤55 43 (53.8%)
    >55 37 (46.2%)
Gender 0.364 0.593 0.143 0.221 0.689 0.506 0.477
    Male 46 (57.5%)
    Female 34 (42.5%)
Anatomic location 0.435 0.407 0.217 0.230 0.241 0.121 0.730
    Tibia/femur 59 (73.8%)
    Elsewhere 21 (26.2%)
Tumor size (cm) 0045* 0. 025* 0.348 0.022* 0.101 0.237 0.049*
    ≤8 50 (62.5%)
    >8 30 (37.5%)
Clinical stage 0.003* 0.045* 0.204 0.272 0.067 0.371 0.769
    IIA 19 (23.8%)
    IIB/III 61 (76.2%)
Distant metastasis 0.004* 0. 990 0.125 0.103 0.034* 0.283 0.106
    Negative 31 (38.8%)
    Positive 49 (61.2%)
Response to chemotherapy 0.037* 0.098 0.190 0.337 0.308 0.018* 0.031*
    Good 33 (41.3%)
    Poor 47 (58.7%)
P53 expression 0.001* 0.078 0.194 0.451 0.154 0.012* 0.046*
    High 20 (25.0%)
    Low 60 (75.0%)
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Materials and methods

Study population

A total of 80 fresh tumor samples and corre-
sponding noncancerous bone tissue samples 
from osteosarcoma patients who underwent 
complete surgical resection, without preopera-
tive chemoradiotherapy, in our institution were 
prospectively collected between June 2007 
and December 2009. Approval for the study 
was obtained from the Ethics Committee of 
Shanghai Changzheng Hospital. Written infor- 
med consent was obtained from each 
participant. 

All 80 osteosarcoma patients received follow-
up. Medical records were used to ascertain 
patients’ medical histories, including age, gen-
der, anatomic location, tumor size, clinical 
stage, distant metastasis, response to chemo-
therapy, and status. All patients’ slides were 
reviewed to confirm the diagnosis and to clas-
sify the tumor according to the sixth edition of 
the tumor node metastases (TNM) classifica-
tion of the International Union against Cancer 
(UICC). Patients with evidence of other malig-
nancies were excluded from this study. All 
patients completed the standard therapeutic 
regimen including neoadjuvant chemotherapy 
and surgical resection with wide or radical mar-
gin followed by adjuvant chemotherapy.

RNA extraction and miRNA quantification

Total RNA was extracted from fresh frozen tis-
sues using Trizol (Invitrogen, Carlsbad, CA, USA) 

following the manufacturer’s protocol. 10 ng of 
total RNA was used for each miRNA quantifica-
tion. miRNA detection was performed run on 
the Eppendorf Mastercycler EP Gradient S 
(Eppendorf, Germany) using commercial assays 
(TaqMan microRNA assays; Applied Biosystems, 
Foster City, CA, USA) for miRNAs. Relative quan-
tification was calculated using 2-ΔΔCt, where Ct 
is cycle threshold. Normalization was per-
formed with universal small nuclear RNA U6 
(RNU6B). Each sample was examined in tripli-
cate, and the mean values were calculated.

Immunohistochemistry and scoring

The primary antibodies for immunohistochem-
istry was performed by EnVision plus System. In 
brief, Paraffin specimens were cut at 4-μm 
thickness. Sections were deparaffinized with 
xylene, rehydrated, and heated for 10 min to 
retrieve antigen. Sections were incubated with 
the primary rabbit antibodies for human TP53 
(Santa Cruz Biotech; 1:50) at room tempera-
ture for 1 h, followed by the secondary reaction 
with DAKO Envision+ Reagent (DakoCytomation, 
Carpinteria, CA). Staining positivity was evalu-
ated by two independent observers without any 
knowledge of the clinicopathological informa-
tion. TP53 expression was graded as follows: -, 
either no immunostaining, or else only minimal 
immunostaining was observed; +, either weak 
immunoreaction was observed or strong reac-
tion was recognized in more than 10% of the 
tumor cells; and ++, >50% of tumor cells 
showed strong immunoreaction. We recognized 

Figure 1. (A) miR-34a, (B) miR-34b, (C) miR-34c, (D) miR-31, (E) miR-192, and (F) miR-215 expression in tumor and 
normal tissue. RQ: relative quantitation.
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cases grades as + or ++, and staining of more 
than 10% nuclei was needed for positive cases 
[17].

Statistical methods

All statistical analyses were performed with 
SPSS 19.0 (SPSS Inc., Chicago, IL, USA). Opti- 
mal cut-off points of miRNA expression data for 
DFS were assessed by means of the mean 
expression level of miRNA in corresponding 
noncancerous bone tissue samples. T-test was 
used to compare miRNA levels with variables 
with two values and ANOVA for variables with 
more than two values. DFS was calculated from 
the time of surgery to the date of progression 
(local and/or distal tumor recurrence) or to the 
date of death, or last follow-up. DFS was calcu-
lated using the Kaplan-Meier method and com-
pared using the log-rank test. All variables with 
a p-value <0.05 in the univariate analysis were 
included in a Cox multivariate analysis (propor-
tional hazard model). Differences were consid-
ered statistically significant when P<0.05.

Results

Patient characteristics

The characteristics of patients were shown in 
Table 1. Their mean age was 56 years (range 
12-83 years). 46 (57.5%) patients were male. 
Clinical follow-up was conducted up to 66 
months. The median follow-up duration was 33 
months (1-72 months). According to the UICC 
system, there were 19 tumors of stage IIA and 
61 of stage IIB/III. During the follow-up period, 
38 (47.5%) patients died of disease. Computed 
tomography scan and/or magnetic resonance 
imaging scan was used to confirm the diagno-

sis when the tumor metastasis was suspected. 
There was no local recurrence. 49 patients 
(61.2%) had distant metastases at a mean of 
14.7 months (range 1-49 months) after the 
original diagnosis. The median disease-free 
survival (DFS) of patients was 35 months (95% 
confidence interval [CI], 23.1-42.9 months).

miRNA expression in normal and tumor tissues

The normalized real-time PCR results showed 
that all six miRNAs were dysregulated in tumor 
tissues as compared with corresponding non-
cancerous tissue samples. The results showed 
that the mean fold change (relative quantita-
tion (RQ)=2-ΔΔCt) was 0.69 for miR-34, 0.88 for 
miR-34b, 0.59 for miR-34c, 1.65 for miR-31, 
0.71 for miR-192, and 0.35 for miR-215 (Figure 
1). Low miR-34a expression was associated 
with patients with larger tumor size (p=0.025) 
and advanced clinical stage (p=0.045); low 
miR-34c expression was associated with 
patients with larger tumor size (p=0.022); high 
miR-31 expression was associated with distant 
metastasis (p=0.034); low miR-192 expression 
was associated with p53 positivity (p=0.012) 
and response to chemotherapy (p=0.018); and 
low miR-215 expression was associated with 
larger tumor size (p=0.049), response to che-
motherapy (p=0.031), and p53 positivity 
(p=0.046). None association between miRNAs 
expression and other clinical characteristics 
was observed (Table 1).

miR-34a and miR-192 expression, individually 
and in combination

In order to examine the prognostic implications 
of the expression levels of miR-34 family, miR-
31, miR-192, and miR-215, we used the cut-off 

Figure 2. Kaplan-Meier curves for disease-free survival (DFS) according to the level of expression of (A) miR-34a, 
(B) miR-192 and (C) both unfavorable variables (low miR-34a and high miR-192) versus those with only one or no 
unfavorable variable.
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point selected by means of the mean expres-
sion level of miRNAs in corresponding noncan-
cerous bone tissue samples. All cut-off points 
discriminate two groups of patients: patients 
with high or low expression of miRNA, as 
observed in Figure 1. This only identified prog-
nostic significant cut-off points for miR-34 (cut-
off RQ 1.117) and miR-192 (cut-off RQ 1.012). 
When patients were divided according to the 
selected cut-off point, the median DFS for 
patients with low miR-34a levels was 34.3 
months versus 64 months for patients with 
high miR-34a levels (p=0.000; Figure 2A). 
Median DFS for patients with low miR-192 lev-
els was 36 months versus 61 months for 
patients with high miR-192 (p=0.022; Figure 
2B). No other differences in DFS were observed 
according to the rest of four miRNAs expression 
levels (Data not shown).

In order to further explore the influence of miR-
34a and miR-192, we then examined their 
effect in combination. When patients with both 
unfavorable variables (low-miR-34a and miR-
192 expression), median DFS was 33 months 
for patients with both unfavorable variables 
versus 63 months for patients with only one or 
no unfavorable variable (p=0.007; Figure 2C).

p53 positivity and miR-192/215 expression

Immunohistochemical study revealed p53 posi-
tivity in neoplastic cells in 20 cases (13 cases 
showed strong immunostaining, 7 weak) 
(25.0%). Seventeen of 49 (34.7%) cases with 
distant metastasis after surgery and 13 of 45 
(28.9%) cases whose final status was dead of 
disease showed p53 positivity. Representative 
immunohistochemical results are shown in 
Figure 3A. The normalized real-time PCR 
results from the 80 tumor samples showed 
that both patients with p53 positivity and nega-
tivity express miR-34 family and miR-31 at simi-
lar levels (data not shown). However, miR-192 
and miR-215 expression in patients with p53 
positivity was lower than patients with p53 neg-
ativity, with a mean fold change of 0.16 and 
0.53, respectively (p=0.002 and p=0.004, 
respectively; Figure 3B, 3C). Median DFS was 
21 months for the 20 patients with p53 positiv-
ity and 63 months for the remaining 60 with 
p53 negativity (p=0.013, Figure 4A). Median 
DFS was 11 months for the 11 patients with 
both low miR-192 expression and p53 positivi-
ty and 54 months for the remaining 69 patients 
(p=0.000, Figure 4B). In addition, median DFS 
of the 16 patients with both low miR-215 
expression and p53 positivity was lower than 

Figure 3. Representative immunohistochemical results of p53 expression (A) and p53 expression according to (B) 
miR-192 and (C) miR-215 expression levels. RQ: relative quantitation.
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that of the remaining 64 patients (31 vs. 52, 
p=0.047, Figure 4C).

Multivariate analyses

A multivariate analysis of DFS was performed 
including clinical variables with univariate log-
rank p<0.05: disease stage, distant metasta-
sis, miR-34a expression, miR-192 expression 
and p53 expression. Low miR-34a expression 
(OR 3.344, 95% CI 1.434-7.779; p=0.001) and 
distant metastasis (OR 2.220, 95% CI 1.007-
3.519; p=0.005) emerged as markers for 
shorter DFS, while stage IIA disease (OR 0.388, 
95% CI 0.145-0.792; p=0.021) was an marker 
for longer DFS (Table 2).

A second multivariate analysis was then per-
formed, including the same clinical variables, 
unfavorable miRNA expression levels (low miR-
34a and miR-192) versus other combinations 
and low miR-192/215 expression with p53 
positivity versus other combinations. In this 
second multivariate analysis, the combination 

of unfavorable miRNA expression levels (OR 
1.343, 95% CI 1.134-4.877; p=0.030) and the 
combination of low miR-192 with p53 positivity 
(OR 4.183, 95% CI 2.007-8.720; p=0.033) were 
independent markers for shorter DFS, while 
stage IIA disease continued to be a marker for 
longer DFS (OR 0.492, 95% CI 0.269-0.899; 
p=0.048) (Table 2).

Discussion

The tumor suppressor p53 gene is one of the 
most frequently mutated genes in human can-
cers including osteosarcoma [6, 18, 19]. 
Together with the protein-coding genes, several 
miRNAs also act as important components of 
the p53 signaling cascades and thereby con-
tribute to tumor suppression, mediate and reg-
ulate the malignant characters of multiple 
tumors. miR-34 family are the first miRNAs that 
have been found to be directly regulated by p53 
[10], when ectopically expressed, miR-34 fami-
ly display tumor suppressive activities in tumor 
biology [13]. Similarly, miR-31, miR-192, and 

Figure 4. Kaplan-Meier curves for disease-free survival (DFS) in (A) patients with p53 positivity or negativity, patients 
with both p53 positivity and low miR-192 (B) and miR-215 (C) expression versus all other patients.

Table 2. Multivariate analysis of clinicopathological factors for disease-specific survival in osteosar-
coma
Variable HR (95 % CI) P value
Analysis with separately miRNA expression levels
Low miR-34a 3.344 (1.437-7.779) 0.001
Distant metastasis 2.200 (1.007-3.519) 0.005
Stage IIA disease 0.388 (0.145-0.792) 0.021
Analysis including unfavorable# versus other combinations of miRNA expression 
and low miR-34a with or without p53 positivity
Low miR-34a and miR-192 1.343 (1.134-4.877) 0.030
Low miR-192 and p53 positivity 4.183 (2.007-8.720) 0.033
Stage IIA disease 0.492 (0.269-0.899) 0.048
#both unfavorable miRNA expression levels (low miR-34a and miR-192) versus those with only one or no unfavorable variable. 
HR Hazard ratio, CI confidence interval, All statistical tests were 2-sided. Significance level: P<0.05.
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miR-215 were also miRNAs that paly p53-asso-
ciated role in inhibiting the proliferation of can-
cer cells [15, 20-22]. These six miRNAs are all 
identified undergo deregulation in osteosarco-
ma [14-16, 18]. In this present study, our 
results also showed significant differences in 
the expression levels of these six miRNAs 
between tumor and normal tissue from surgi-
cally resected osteosarcoma patients. While 
miR-31 showed a trend towards being signifi-
cantly increased, miR-34 family expression was 
lower in tumor than in normal tissue, miR-192 
and miR-215 showed heterogenous expression 
pattern, their expression level were all consis-
tent with previous reports. To our surprise, 
although all these six miRNAs are p53-target 
miRNAs, only the expression of miR-192 and 
miR-215 is associated with p53 expression in 
our analysis results, this suggests that basal 
levels of the other four miRNAs are p53-inde-
pendent, maybe some other transcriptional 
factors besides p53 such as SNAIL and TGF-β 
[23, 24] are more dominant in the miRNA mod-
ulation, or other genetic and epigenetic modu-
lations may also contribute to the altered 
expression of these miRNAs in osteosarcoma 
[14, 25-27]. Further evidence is needed to 
prove this hypothesis, and this also provides a 
direction for our future study.

miR-34 family can function as tumor suppres-
sors in human osteosarcoma cells, ectopic 
expression of miR-34 family leads to decrease 
of oncogenes, resulting in induce cell cycle 
arrest and apoptosis [14]; in addition, miR-34c 
is critical during the pathogenesis of osteosar-
comas in part by regulating Notch signaling 
[28]. Along the same lines, miR-31 controls 
osteoclast formation and bone resorption by 
targeting RhoA [29], and overexpression of 
miR-31 repressed the osteogenesis of human 
mesenchymal stem cells (hMSCs) by targeting 
SATB2 [30]; and overexpression of miR-215 
was shown to inhibited osteosarcoma cell pro-
liferation and triggered cell cycle arrest at G2 
phase [31]. All these findings indicated that 
these miRNAs maybe important regulators in 
tumorigenesis and progression of osteosarco-
ma, which also help to interpreted the results in 
our study that their correlation with malignant 
phenotype and clinical outcomes of patients 
with osteosarcoma.

miR-34a has been identified can be induced in 
response to p53 activation and mediates cell 

cycle arrest [22], moreover, there existence a 
positive feedback loop between miR-34a and 
p53 that target of miR-34a can increases p53 
activity [32]. Like miR-34a, miR-192/215 exp- 
ression also significant correlated with p53- 
dependent cell growth in multiple cancers [22], 
miR-192/215 can be transcriptionally activat-
ed by p53 and then preventing enhanced 
migration of plasma cells into bone marrow by 
modulate MDM2 expression [20], reduces cell 
proliferation by targeting p21 and p27 [21]. 
Moreover, p53 was highly overexpressed in 
cells that ectopic expression of miR-192 [33] or 
miR-215 target DTL [31]. Taken together, miR-
34a and miR-192/215 may be requisite for the 
biological behavior modulation of cancer cells 
through the synergistic effect with p53, and 
there may exists some feed-forward mecha-
nisms in p53-miRNAs signaling that promote 
the tumor progression in osteosarcoma. This is 
along the lines of findings in the present study, 
patients with both low-miR-34a and miR-192 
expression, and patients with high p53 positiv-
ity and low miR-192/215 suggested a poorer 
prognosis, thus it is a plausible inference that 
the feed-forward/feedback regulatory net-
works based on p53 and miR-34a/192/215 
play an important role in modulation of onco-
genesis and deterioration.

To the best of our knowledge, while there are 
many recognized prognostic and predictive 
markers for osteosarcoma , including several 
protein and gene signatures, the present study 
is the first to explore the potential implications 
for tumor progression of p53-associated miR-
NAs related to osteosarcoma prognosis. The 
fact that various types of feed-forward/feed-
back loops exist between miRNAs, p53 and 
gene targets, they mediate the integrity, ampli-
fication, buffering and fine-tuning of signals 
that jointly contribute to the regulation of p53 
signaling [11], leads us to speculate that the 
comprehensive analysis of p53 status with 
miRNAs expression may have further-reaching 
ramifications than that simple analysis of miR-
NAs expression. In order to achieve this, a bet-
ter appreciation of the p53-associated miRNA-
mRNA interactome is required.

In summary, our findings provide the first hints 
that miR-34a and miR-192 expression may be 
a useful prognostic marker that could be used 
for risk stratification and selection of osteosar-
coma patients. In addition, the potential role of 
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p53-associated miRNA in osteosarcoma war-
rants further investigation.
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