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Abstract. MicroRNA-17-5p has been proven upregulated in 
many human malignancies and correlated with tumor progres-
sion. However, its expression and clinical significance in 
osteosarcoma is still unclear. Thus, the aim of the present study 
was to explore the effects of miR-17-5p in osteosarcoma tumor-
igenesis and development. The expression level of miR-17-5p 
was quantified by quantitative real-time reverse-transcriptase-
polymerase chain reaction in primary osteosarcoma tissues 
and osteosarcoma cell lines. MTT, Transwell and matrigel 
assays were used to test the proliferation, migration and inva-
sion of miR-17-5p transfection osteosarcoma cells, and a mouse 
model was used to investigate tumorigenesis. The expression 
levels of miR-17-5p in osteosarcoma tissues were significantly 
higher than those in corresponding non-cancerous bone 
tissues. In addition, miR-17-5p upregulation more frequently 
occurred in osteosarcoma specimens with advanced clinical 
stage, positive distant metastasis and poor response to neo-
adjuvant chemotherapy. After miR-17-5p transfection, cell 
proliferation, migration, invasion and tumorigenesis in the 
osteosarcoma cells were significantly promoted. We further 
demonstrated that BRCC2 is a direct target of miR-17-5p. 
These findings indicate that miR-17-5p may act not only as a 
novel diagnostic and prognostic marker, but also as a potential 
target for molecular therapy of osteosarcoma.

Introduction

Osteosarcoma is a primary malignant bone tumor originated 
in bone mesenchymal cells, characterized by proliferating 
tumor cells directly forming immature bone or bone-like 
tissue. Osteosarcoma, which often occurs in adolescents 
with poor efficacy and survival, accounts for 20% of primary 

malignant bone tumors. Typical osteosarcoma is a highly 
malignant intramedullary tumor, with frequent metastasis, 
accounting for 85% of all bone sarcomas  (1). Along with 
chemotherapy, surgical techniques, bone reconstruction and 
other treatment methods have been development, and osteo-
sarcoma limb salvage therapy has gradually taken the place 
of amputation, thus, >80% of patients prefere limb salvage 
surgery, and the 5-year survival rate has increase from 20 to 
55 to 75% (2). However, the molecular biological mechanisms 
of osteosarcoma have not been clarified and there are still 
patients who are not sensitive to chemotherapy and have poor 
prognosis. Therefore, it is necessary to search new diagnostic 
and therapeutic methods for osteosarcoma.

miRNAs are a class of single-stranded, 20-24 nucleotides 
(nt) in length small non-coding RNA molecules. Mature 
miRNAs have 5' end with a phosphate group and 3' end with 
a hydroxyl group. miRNAs play negative regulatory roles by 
fully or partially complementation fixation with target genes 
in 3'-UTR region to cause mRNA degradation or translation 
inhibition (3). Lee et al (4) found miRNA lin-4 in caenorhab-
ditis elegans for the first time in 1993. Reinhart et al (5) found 
let-7 in study of nematode growth regulation. Since then the 
study of miRNA began and developed rapidly. Studies have 
shown that a variety of miRNAs play roles as oncogene or 
anti-oncogene in a variety of tumors including sarcoma, and 
participate in all stages of tumor growth and development (6).

miR-17-5p is one of the members of the miRNA cluster 
of miR-17-92 which contains seven members and is also one 
of the most studied miRNAs related to cancers in this cluster. 
miR-17-5p is also functionally involved in the regulation of 
the malignancies of multiple cancers  (7-9). However, its 
expression and clinical significance in osteosarcoma is still 
unclear. In the present study, we showed that miR-17-5p was 
overexpressed in osteosarcoma cells and tissues compared 
with normal bone tissues using qRT-PCR. miR-17-5p upregu-
lation in osteosarcoma tissues significantly associated with 
cell proliferation, invasion, advanced TNM stage and tumor 
growth. Both gain-of-function and loss-of-function studies 
showed that miR-17-5p increased the ability of osteosarcoma 
cells to proliferate and to invade through matrigel in vitro and 
increased the tumor volume and weight in vivo. We further 
demonstrated that BRCC2 is a direct target of miR-17-5p. miR-
17-5p appears to be a potential therapeutic target for use in 
osteosarcoma treatment.
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Materials and methods

Patients and tissue samples. From 2009 to 2014, a total of 116 
primary osteosarcoma and corresponding non-cancerous bone 
tissue samples were collected from Liaoning Provincial Tumor 
Hospital, for quantitative real-time reverse-transcriptase poly-
merase chain reaction (qRT-PCR) analysis. No patients had 
previously received blood transfusion, chemotherapy or radio-
therapy. All patients underwent neoadjuvant chemotherapy 
and wide resection of tumor. Tumor biopsies were collected 
before neoadjuvant chemotherapy and were fresh-frozen, 
stored at -80˚C. The patient information is summarized in 
Table I. Clinical tumor stage was classified according to the 
Enneking staging system. Tumor response to pre-operative 
chemotherapy was assessed using Huvos grading system. 
This study was approved by the Research Ethics Committee 
of Liaoning Provincial Tumor Hospital. Written informed 
consent was obtained from all the patients.

Cell culture. Human osteosarcoma cell lines Saos-2, 143B, 
MG63 and U2OS and human normal osteoblastic cell line 
hFOB 1.19 were obtained from the Cell Bank of Type Culture 
Collection of Chinese Academy of Sciences, Shanghai 
Institute of Cell Biology, Chinese Academy of Sciences. These 
cells were cultured in Dulbecco's modified Eagle's medium 
(DMEM; Invitrogen, Carlsbad, CA, USA) supplemented with 
heat-inactivated 10% fetal bovine serum (FBS; Invitrogen) at 
37˚C in a humidified incubator containing 5% CO2.

RNA extraction and quantitative real-time PCR. Total RNAs 
were extracted from cultured human tissue specimens and 
cells using TRIzol reagent (Invitrogen) according to the manu-
facturer's instructions. For the detection of mature miR-17-5p 
and relative mRNA, RNA was reverse transcribed by using 
a TaqMan Reverse Transcription kit (Applied Biosystems, 
Foster City, CA, USA). The reaction was incubated at 94˚C 
for 4 min followed by 35 cycles of 20 sec at 94˚C, 30 sec at 

Table I. Association of miR-17-5p expression in human osteosarcoma tissues with clinicopathological features.

	 miR-17-5p expression
	 ----------------------------------------------------------------
Clinicopathological features	 No. of patients	 Low (n, %)	 High (n, %)	 P-value

Gender
  Male	 63	 36 (57)	 27 (43)	 NS
  Female	 53	 28 (53)	 25 (47)

Age (years)
  <25	 40	 22 (55)	 18 (45)	 NS
  ≥25	 76	 35 (46)	 41 (54)

Tumor size (cm)
  >8	 61	 16 (26)	 45 (74)	 <0.001
  ≤8	 55	 39 (71)	 16 (29)

Serum level of alkaline phosphatase
  Elevated	 91	 48 (53)	 43 (47)	 NS
  Normal	 25	 11 (44)	 14 (56)

Anatomic location
  Tibia/femur	 77	 36 (47)	 41 (53)	 NS
  Elsewhere	 39	 18 (46)	 21 (54)

Distant metastasis
  Absent	 85	 55 (65)	 30 (35)	 <0.001
  Present	 31	 9 (29)	 22 (71)

Response to chemotherapy
  Good	 38	 29 (76)	 9 (24)	 <0.001
  Poor	 78	 27 (35)	 51 (65)

Clinical stage
  IIA	 52	 44 (85)	 8 (15)	 <0.001
  IIB/III	 64	 12 (19)	 52 (81)

Serum level of lactate dehydrogenase
  Elevated	 83	 41 (49)	 42 (51)	 NS
  Normal	 33	 18 (55)	 15 (45)
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60˚C and 30 sec at 72˚C. All PCRs were done in triplicate on 
an ABI 7500 real-time PCR system (Applied Biosystems), and 
miRNA and mRNA expression was normalized to U6 snRNA 
and GAPDH, respectively, using the 2-ΔΔCt method, and at least 
3 independent experiments were performed to generate each 
data set.

miR-17-5p transfection. miRNA-17-5p mimics and its inhib-
itor were purchased from Shanghai GenePharma Co., Ltd. 
(Shanghai, China). For transfection, MG63 and U2OS cells 
were grown to 90% confluence, and transfected with miR-17-5p 
mimics or its inhibitor using Lipofectamine 2000 (Invitrogen) 
by incubation in Opti-MEM I media for 4 h according to the 
manufacturer's protocols. Cells were harvested 48 or 72 h  post-
transfection. The transfection efficiency was confirmed by 
quantitative real-time PCR analysis. For detecting miR‑17-5p, 
cells were transfected again with miR-17-5p mRNA mimics or 
its silenced gene.

MTT assay. The transfected cells were seeded in 96-well 
plates at a density of 3x103 cells/well. MTT solution (20 µl 
of 5 mg/ml MTT) was added to each well (for a total volume 
of 250 µl), and the plates were incubated for 4 h at 37˚C. 
Following the removal of the culture medium, the remaining 
crystals were dissolved in dimethyl sulfoxide (DMSO), and 
the absorbance was measured at 570 nm using a microplate 
reader. Cell proliferation was assessed daily for four consecu-
tive days.

Immunocytochemistry. For immunocytochemistry staining, 
cells were fixed with 2% paraformaldehyde and incubated 
with a monoclonal antibody against Ki-67 (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA; at a final concentration of 
4 µg/ml), followed by anti-rabbit FITC-conjugated secondary 
antibody (Invitrogen) and costaining 4',6-diamidino-2-phenyl-
indole (DAPI; 1.5 µg/ml) to stain cell nuclei. Labelled cells 
were assessed by fluorescence microscope.

In vivo tumor growth model. Male BALB/c nude mice aged 
4-6 weeks were purchased from the Hunan Slac Jingda 
Laboratory Animal Co., Ltd. (Changsha, China). For tumor 
growth assay, cells stably overexpressing miR-17-5p or 
scramble miRNA were resuspended in PBS and 1x106 cells 
(200 µl) were subcutaneously injected in the dorsal flank of 
nude mice. Tumor size was measured every 3 days and tumor 
volumes were calculated with the following formula: volume 
= (L x W2)/2, in which L meant the longest diameter and W 
meant the shortest diameter. Twenty-two days later, mice were 
sacrificed, and tumors were dissected and weighted. Animal 
handling and research protocols were approved by the Animal 
Care and Use Ethnics Committee.

mRNA expression arrays and data preprocessing. Total RNA 
quality and quantity were determined using Agilent 2100 
Bioanalyzer and NanoDrop ND-1000. Affymetrix HU U133 
plus 2.0 arrays were used according to the manufacturer's 
protocol. The data were initially normalized by robust multi-
array average (RMA) normalization algorithms in expression 
console software (Affymetrix, Santa Clara, CA, usa). 
Significantly altered genes between miR-17-5p overexpres-

sion and its control cells were assessed by scatter plots and 
the genes upregulated and downregulated ≥5-fold. Clustering 
analysis was done using gene list by Gene Cluster v3.0 soft-
ware, and heat maps were visualized using Java TreeView 
v1.1.4r3 software. Gene set enrichment analysis was carried 
out using ConceptGen (http://conceptgen.ncibi.org/core/
conceptGen/index.jsp). Gene sets were either obtained from 
the ConceptGen or from published gene signatures.

Cell migration and invasion assays. The effects of miR-17-5p 
expression on cell migration and invasion were assessed 
using the wound-healing and Transwell assays as previously 
described (7).

Western blotting. Western blotting was used to detect the 
expression of miR-17-5p at the protein level as previous 
described. Anti-β-actin (Abcam) was used as the protein-
loading control. The protein complex was detected with 
enhanced chemiluminescence reagents digital images were 
visualized using the electrochemiluminescence detection 
system (Invitrogen).

RNA interference for miR-17-5p. One siRNA lentivirus against 
miR-17-5p (Sigma-Aldrich) and non-targeting siRNA (Sigma-
Aldrich) were transfected into U2OS-anti-miR‑17-5p cells in 
48-well plates according to the manufacturer's instructions. 
The multiplicity of infection (MOI, number of transducing 
lentiviral particles per cell) was 5. Puromycin selection was 
performed at a concentration of 0.5 µg/ml for 10 days.

Luciferase reporter assays. Cells cultured in 6-well plates 
were transfected with 0.05 µg of the pRL-TK vector (Promega, 
Madison, WI, USA) containing renilla luciferase together 
with 30 nM miR-17-5p mimics or inhibitor. Cells cultured 
24 h were then transfected with miR-17-5p-wild-type (WT) 
or miR‑17‑5p-mutant reporter plasmid containing firefly 
luciferase using Lipofectamine 2000. Luciferase activity was 
measured using dual-luciferase assay system (Promega) 48 h 
post-transfection. Renilla activity was normalized to firefly 
activity to control for transfection efficiency.

Statistical analysis. The data are presented as mean ± standard 
error of mean (SEM). Statistical significance was determined 
using t-test or analysis of variance (ANOVA) using the SPSS 
18.0 program. p<0.05 was considered as statistically signifi-
cant difference.

Results

miR-17-5p is upregulated in human osteosarcoma tissues 
and cell lines. To explore the expression level of miR-17-5p 
in human osteosarcoma carcinoma development, 116 paired 
osteosarcoma carcinoma tissues and adjacent non-tumor 
tissues were detected. According to the qRT-PCR analysis, 
miR-17-5p was strongly upregulated in tumor tissues 
compared with that in the matched non-tumor tissues 
(Fig. 1A and B). We then analyzed miR-17-5p expression in 
osteosarcoma without or with metastasis property; we found 
that miR-17-5p higher expression was significantly correlated 
with metastasis property in osteosarcoma tissues (Fig. 1C). 
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To investigate the clinical impact of elevated miR‑17-5p 
expression in osteosarcoma, we assessed the association 
between miR-17-5p expression levels and clinical outcome. 
miR-17-5p expression levels were statistically increased in 
patients with >8 cm tumor size, distant metastasis and poor 
response to chemotherapy in comparison to <8 cm tumor size, 
non-distant metastasis and good response to chemotherapy. 
Patients in clinical stage IIB or III showed higher miR-17-5p 
expression levels than in clinical stage IIA (Table I). Then, 
we examined miR-17-5p expression levels in a panel of 4 
widely used human osteosarcoma cell lines (143B, U2OS, 
MG63 and Saos-2) in comparison to levels in non-malignant 
cell lines hFOB 1.19. Correspondingly, miR-17-5p expression 
levels were consistently increased in osteosarcoma cell lines 
(Fig. 1D).

Establishment of stable miR-17-5p transfectants in osteosar-
coma cell lines. We used MG63 and 143B cells to establish 
stable cell lines that constitutively overexpressed the miR-17-5p 
with the aim of revealing the role that miR-17-5p expression has 
in the development or progression of osteosarcoma. We also 
used an inhibitor to generate a stable miR-17-5p knockdown in 
the MG63 and 143B osteosarcoma cell lines. The transfection 

efficiency was confirmed using qRT-PCR analyses. As shown 
in Fig. 2A, the MG63 and 143B cells that had been transfected 
with the miR‑17-5p expression plasmid displayed significantly 
increased miR‑17-5p expression compared with the vector cell 
lines. In addition, as shown in Fig. 2B, the MG63 and 143B 
cells that had been transfected with the miR-17-5p inhibitor 
displayed significantly decreased miR-17-5p expression 
compared with the control cells.

miR-17-5p promotes osteosarcoma cells proliferation 
in vitro. We first explored the effects of miR-17-5p expression 
on cell growth using the MTT assay. As shown in Fig. 3, high 
expression of miR-17-5p resulted in more rapid proliferation 
compared with the vector in MG63 and 143B cells, whereas 
miR-17-5p inhibitor significantly inhibited the growth of 
these cells. As shown in Fig. 4B, we found that the overex-
pression of miR-17-5p in MG63 and 143B cells significantly 
upregulated Ki-67 as shown by the staining, and also the 
knockdown of miR-17-5p in these cells strongly downregu-
lated the Ki-67. In total these above findings demonstrated 
that miR-17-5p induces a more aggressive phenotype of 
osteosarcoma and indicated that miR-17-5p is potentially 
oncogenic.

Figure 1. The expression of miR-17-5p is elevated in osteosarcoma tissues 
and cell lines (A) Relative miR-17-5p expression in osteosarcoma and para-
carcinoma tissues. (B) miR-17-5p expression were measured by qRT-PCR in 
osteosarcoma tissues and normal tissues. (C) miR-17-5p expression levels are 
significantly elevated in metastatic osteosarcoma tissues in comparison to 
non-metastasis osteosarcoma tissues. (D) Expression profile of miR-17-5p in 
osteosarcoma cell lines. **P<0.01 is based on the Student's t-test. All results 
are from three independent experiments. Error bars, SD.
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Figure 2. Establishment of MG63 and 143B miR-17-5p expressing and miR-17-5p slienced cell lines. (A) Establishment of MG63-expressing and 143B-expressing 
miR-17-5p cells. The results were analyzed by qRT-PCR. (B) Establishment of MG63 and 143B miR-17-5p inhibited cells. The results were analyzed by 
qRT‑PCR. **P<0.01 is based on the Student's t-test. All results are from three independent experiments. Error bars, SD.

Figure 3. The overexpression of miR-17-5p enhances tumorigenesis in vitro. (A) Proliferation of MG63-miR-17-5p cells is significantly accelerated compared 
to normal MG63 control cells measured by MTT assay. On the contrary, MG63-miR-17-5p-inh cells are significantly reduced compared to normal MG63. 
(B) Proliferation of 143B-63-miR-17-5p cells is significantly accelerated compared to normal 143B control cells. **P<0.01 is based on the Student's t-test. All 
the results are from three independent experiments. Error bars, SD.

Figure 4. Effects of lenti-miR-17-5p and miR-17-5p-inh on Ki-67 in osteosarcoma cell lines. Immunofluorescence staining of Ki-67 in lenti-miR-17-5p or 
inhibitor transfected 143B (A) cell line and MG63 (B) cell line.
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miR-17-5p promotes osteosarcoma cells migration and inva-
sion. We next assessed whether miR-17-5p could affect the 
ability of osteosarcoma cells to migrate and invade using a 
transwell assay. miR-17-5p overexpression promoted both 
migration and invasion in 143B cells (Fig. 5A and B), and 
also promoted both migration and invasion in MG63 cells 

(Fig. 5C and D). In addition, miR-17-5p knockdown in 143B 
cells significantly decrease cell migration and invasion 
(Fig. 5A and B), also inhibited both migration and invasion 
in MG63 cells (Fig. 5C and D). These results indicated that 
miR-17-5p significantly promoted the invasion and migration 
of osteosarcoma cells.

Figure 5. lenti-miR-17-5p promotes cells invasion and migration, miR-17-5p-inh inhibits cells invasion and migration. (A) Transwell assays show lenti-
miR‑17-5p, miR-17-5p-inh and NC 143B cell migration results. (B) Matrigel assays show lenti-miR-17-5p, miR-17-5p-inh and NC 143B cell invasion results. 
(C) Transwell assays show lenti-miR-17-5p, miR-17-5p-inh and NC MG63 cell migration results. (D) Matrigel assays show lenti-miR-17-5p, miR‑17-5p-inh 
and NC MG63 cell invasion results. **P<0.01 is based on the Student's t-test. All results are from three independent experiments. Error bars, SD.
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Increased miR-17-5p expression promotes xenograf t 
tumor formation. To further evaluate the potential effect of 
miR‑17-5p on osteosarcoma cell proliferation in vivo, 143B 
cells transfected with miR-17-5p, anti-miR-17-5p and NC were 
subcutaneously inoculated into nude mice. As shown in Fig. 6A, 
tumors formed by miR-17-5p overexpressing cells grew more 
quickly than those by vector control cells following inocula-
tion, and the difference in average tumor volume between 
experimental and control animals continued to increase 2-fold 
at the experimental endpoint (22 days) (Fig. 6A) and the mean 
wet weight of tumors in control group was significantly lower 
than in the miR-17-5p overexpression group (Fig.  6B). In 
parallel, smaller size and lower weight tumors excised from 
animals of the miR-17-5p-silencing group were also observed 
as compared with those of the control group (Fig. 6C). The 
mean wet weight of tumors in the former group was signifi-
cantly higher than in the latter group (Fig. 6D). Thus, these 
data indicate that miR-17-5p may promote xenograft tumor 
formation of osteosarcoma cells in vivo.

miR-17-5p directly targets BRCC2 and BRCC2 levels are 
inversely correlated with miR-17-5p levels in osteosarcoma 
tissues. To uncover mRNA targets of miR-17-5p in osteosar-
coma, we used mRNA expression arrays and bioinformatics 
databases to identify potential targets. As shown in Fig. 7A 
and B, BRCC2 showed the most significant difference between 
miR-17-5p transfected 143B cells and control cell. To experi-
mentally verify this potential target, 143B and MG63 cells 
were transfected with miR-17-5p and anti-miR-17-5p, and then 

mRNA target and protein levels were assessed by qRT-PCR 
and western blot analysis. As shown in Fig. 7C-F, miR-17-5p 
overexpression was reduced and miR-17-5p knockdown 
increased the expression of BRCC2 in osteosarcoma cells. To 
determine whether BRCC2 3'-UTR is direct target of miR-
17-5p, BRCC2 3'-UTR reporter constructs or 3'-UTR mutant 
controls were transfected into osteosarcoma cells before trans-
fection with miR-17-5p and luciferase activity was measured 
(Fig. 8A). As shown in Fig. 8B and 8C, the luciferase activity 
was significantly decreased in osteosarcoma cells overex-
pressing miR-17-5p co-transfected with 3'-UTR-BRCC2-wt 
vector and miR-17-5p mimic compared with those co-trans-
fected with 3'-UTR-BRCC2-mut vector and miR-17-5p mimic. 
Furthermore, as shown in Fig. 8D and E, increasing activity 
was observed in osteosarcoma cells silencing miR-17-5p, 
suggesting that the fragment at the 3'-UTR of the BRCC2 was 
the complementary site for the miR-17-5p seed region, and 
thus, that BRCC2 was a direct target of miR-17-5p. Moreover, 
BRCC2 expression was inversely proportional to miR-17-5p 
expression in osteosarcoma tissues (Fig. 8F). Therefore, it was 
shown that miR-17-5p directly inhibits BRCC2 expression.

Disscussion

Osteosarcoma is a common occurrence in adolescents, with 
high degree of malignancy and high mortality. As the effec-
tiveness of chemotherapy has increased together with the 
development of surgery techniques, the 5-year survival rate 
of patients with osteosarcoma has significantly improved (7). 

Figure 6. lenti-miR-17-5p promotes tumor growth in vivo. (A) Subcutaneous tumors in the lenti-miR-17-5p-143B and NC 143B mice are displayed. (B) The 
weights of tumors are shown. (C) Subcutaneous tumors in miR-17-5p-inh-143B and NC 143B mice are displayed. (D) The weights of the tumors. **P<0.01 is 
based on the Student's t-test. All results are from three independent experiments. Error bars, SD.
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However, even after amputation and chemotherapy, there are 
still ~40% of patients who died with tumor and lung metas-
tases (8). The development of gene therapy, immune therapy, 
molecular targeted therapeutics and other biological treatment 
technology has opened up new roads for the treatment of 
osteosarcoma. Study of the relationship between miRNA and 
osteosarcoma can provide a new direction for the diagnosis 
and treatment of osteosarcoma.

miR-17 gene, located in chromosome 13q31-32, is consid-
ered to be an oncogene. Expression of the gene can promote 
cell proliferation, inhibit apoptosis of tumor cells and leads 
to tumorigenesis. In B lymphocyte tumors, expession of 
miR-17 gene is higher and inhibits apoptosis of tumor cells. 
Oncogene c-Myc can induce the expression of miR-17, and 
miR-17 inhibits the expression of the transcription factor 

E2F1. Thereby promoting cell proliferation mediated by 
c-Myc, is related closely with tumor formation. In some 
other hematopoietic cells and solid tumors, high expression 
of miR-17 gene has also been shown to promote tumorigen-
esis (9). miR-17-5p, which is located in chromosome 13q31-32, 
is an important member of the miR-17-92 cluster. Previous 
studies have found that miR-17-5p is upregulated in certain 
types of human cancers. Li et al (10) found that miR-17-5p 
plays an important role in osteosarcoma cell invasion and 
migration by suppressing HBP1 and subsequent activation of 
Wnt/β-catenin. Shan et al (11) found that mature miR‑17-5p 
and passenger strand miR-17-3p could synergistically induce 
the development of hepatocellular carcinoma. Ma et al (12) 
found that miR-17-5p is an oncogenic miRNA that regulates 
tumorigenesis and progression by targeting the gene encoding 

Figure 7. Lenti-miR-17-5p reduces the expression of BRCC2 by inhibiting translation. (A) mRNA expression arrays showed different expressions between 
lenti-miR-17-5p and NC 143B cells. (B) Data preprocessing showed BRCC2 expression diversity between lenti-miR-17-5p and NC 143B cells. (C) BRCC2 
expression levels are significantly declined in lenti-miR-17-5p 143B cells and elevated in miR-17-5p-inh 143B cells. (D) BRCC2 expression levels are signifi-
cantly declined in lenti-miR-17-5p MG63 cells and elevated in miR-17-5p-inh MG63 cells. (E) Western blot analysis was performed to detect the expression of 
BRCC2 in lenti-miR-17-5p, miR-17-5p-inh and NC 143B cells. (F) Western blot analysis was performed to detect the expression of BRCC2 and internal control 
β-actin in lenti-miR-17-5p, miR-17-5p-inh and NC MG63 cells. **P<0.01 is based on the Student's t-test. The results are from three independent experiments. 
Error bars, SD. RETRACTED
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P130 and subsequently activating the Wnt/β-catenin pathway. 
However, the expression pattern, clinical significance, and 
biological role of miR-17-5p in osteosarcoma, remain largely 
undefined. In the present study, we found that miR-17-5p was 
upregulated in osteosarcoma cell lines and primary tumor 
samples. miR-17-5p was able to promote osteosarcoma cell  
proliferation and mobility.

Breast cancer cell 2 (BRCC2) was originally identified as a 
B1.2-kb transcript in the MDA-MB-231 human breast cancer 
cell line. The longest predicted open reading frame of BRCC2 
is 862 bp, and its mRNA encodes a protein that is 108 amino 
acids in length. BRCC2 is an intronless gene that has been 
mapped to human chromosome 11q24.1 using fluorescence 
in  situ hybridization  (13). BRCC1 and BRCC2 are tumor 

suppressor genes involved in DNA repair and gene integ-
rity (14). In the present study, we showed that miR‑17-5p could 
promote the growth of the tumor by interacting with BRCC2. 
Previous studies had demonstrated that BRCC2 downregula-
tion was associated with poor disease-free and overall survival 
in breast cancer. In clinical cancer samples, BRCC2 expression 
was significantly downregulated in cancer lesions compared 
with paired normal tissues. By silencing or overexpressing 
BRCC2 in cancer cells, BRCC2 could inhibit cell growth and 
metastasis in vitro (14). An in vivo assay showed that BRCC2 
not only markedly inhibited cancer cell xenograft formation 
and growth, but also inhibited cancer cell metastasis in a lung 
metastasis model  (14). Moreover, BRCC2 inhibited cancer 
metastasis via regulation of the Akt pathway (14). Thus, the 

Figure 8. BRCC2 is the potential target of miR-17-5p. (A) The potential binding site for miR-17-5p in 3'-UTR of BRCC2 mRNA, BRCC2 3'-UTR possessing 
a mutation in the putative miR-17-5p binding site. (B) The luciferase activity after lenti-miR-17-5p transfection in 143B cells of the indicated 3'-UTR-driven 
reporter constructs. Reporter plasmids containing no oligonucleotides as a control, the wild-type 3'-UTR region of BRCC2 as a wild-type and the mutant 
3'-UTR region as a mutant. (C) The luciferase activity after lenti-miR-17-5p transfection in MG63 cells of the indicated 3'-UTR-driven reporter constructs. 
Reporter plasmids containing no oligonucleotides as a control, the wild-type 3'-UTR region of BRCC2 as a wild-type and the mutant 3'-UTR region as a mutant. 
(D) The luciferase activity after miR-17-5p-inh transfection in 143B cells of the indicated 3'-UTR-driven reporter constructs. Reporter plasmids containing no 
oligonucleotides as a control, the wild-type 3'-UTR region of BRCC2 as a wild-type and the mutant 3'-UTR region as a mutant. (E) The luciferase activity after 
miR-17-5p-inh transfection in MG63 cells of the indicated 3'-UTR-driven reporter constructs. Reporter plasmids containing no oligonucleotides as a control, 
the wild-type 3'-UTR region of BRCC2 as a wild-type and the mutant 3'-UTR region as a mutant. (F) Relevant analysis between miR-17-5p and BRCC2 mRNA 
expression in osteosarcoma tissues. **P<0.01 is based on the Student's t-test. The results are from three independent experiments. Error bars, SD.
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potential mechanism of miR-17-5p promoting migration and 
invasion is via regulating BRCC2 and Akt pathways.

The present study shows that miR-17-5p is significantly 
upregulated in osteosarcoma. It demonstrates that miR-17-5p 
has powerful oncogenic, proliferation and invasion regulatory 
effects that are mediated by BRCC2. The study, therefore, 
presents that miR-17-5p may act as an oncogene and could be 
a promising therapeutic target in osteosarcoma.
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