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MicroRNA-152 Suppresses Human Osteosarcoma Cell Proliferation 
and Invasion by Targeting E2F Transcription Factor 3

Chao Ma, Jinfeng Han, Dong Dong, and Nanya Wang

The First Hospital of Jilin University, Changchun, P.R. China

MicroRNA-152 (miR-152) expression has been reported to be downregulated in osteosarcoma (OS). However, 
the role of miR-152 in OS is not well documented. In the present study, we aimed to explore the function and 
underlying mechanism of miR-152 in OS. We found that miR-152 was underexpressed in OS tissues and cell 
lines. Decreased miR-152 was inversely correlated with lymph node metastasis and advanced clinical stage. 
Overexpression of miR-152 significantly inhibited cell proliferation, colony formation, migration, and invasion 
of OS cells. Bioinformatics analyses showed that miR-152 directly targeted E2F transcription factor 3 (E2F3), 
as further confirmed by a dual-luciferase reporter assay. E2F3 expression was upregulated and inversely cor-
related with miR-152 expression level in human OS tissues. Moreover, the inhibitory effects of miR-152 on 
OS growth and invasion were attenuated by E2F3 overexpression. Taken together, our findings indicated that 
miR-152 reduced OS growth and invasion by targeting E2F3 and provided new evidence of miR-152 as a 
potential therapeutic target for OS.
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INTRODUCTION

Osteosarcoma (OS) is one of the most common bone 
malignancies and mostly occurs in children and young 
adults1. Despite considerable improvements in therapeu-
tic strategies, including chemotherapy, radiotherapy, and 
tumor excision, the survival rate of patients with OS still 
remains poor, and the molecular mechanisms of this dis-
ease are elusive2,3. Therefore, it is very urgent to elucidate 
the molecular mechanisms underlying carcinogenesis 
and progression in OS, which may help to treat this dev-
astating cancer.

MicroRNAs (miRNAs) are endogenous 18–25 nt non-
coding RNAs that can affect the expression of genes at 
the posttranscriptional level by directly binding to the 
3¢-untranslated region (3¢-UTR) of messenger RNAs 
(mRNAs), promoting their degradation or inhibiting their 
translation4. miRNAs have an important role in a num-
ber of biological processes, such as cell proliferation, 
cell migration, apoptosis, differentiation, development, 
immunity, and metabolism5,6. Increasing evidence has 
shown that dysregulated expression of miRNAs plays 
critical roles in initiation and development in various 
cancers7,8. To date, numerous miRNAs have been identi-
fied to be involved in OS progression as oncogenes or 
tumor suppressor genes9,10.

MicroRNA-152 (miR-152), a member of the miR-148/ 
152 family, has been reported to be implicated in a series 
of cellular activities such as cell proliferation, invasion,  
and angiogenesis11,12. Accumulating evidence has sug-
gested that miR-152 is frequently underexpressed and 
functions as a tumor suppressor in multiple malignan-
cies12–18. On the contrary, miR-152 functions as an onco-
gene miRNA in neuroblastoma and nasopharyngeal 
carcinoma19,20. A previous study showed that miR-152 
expression was downregulated in OS tissues, and its 
expression was associated with the diagnosis and prog-
nosis of patients with OS21. Yet the biological role and 
underlying mechanism of miR-152 in human OS remain 
unknown. In the current study, we investigated the role of 
miR-152 in OS by a series of experiments and found that 
miR-152 significantly suppressed OS cell proliferation,  
colony formation, migration, and invasion through targeting  
E2F3. These results suggest that miR-152 might emerge  
as a potential therapeutic target in the treatment of OS.

MATERIALS AND METHODS

Sample Collection

This study protocol was recognized by the Research 
Ethics Committee in The First Hospital of Jilin University 
(Changchun, P.R. China). Written informed con sent was 
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obtained from each participant. OS samples and corre-
sponding adjacent normal tissues were collected from 45 
patients diagnosed with OS in The First of Hospital of 
Jilin University. None of the patients had received chemo-
therapy or radiotherapy before surgery. All samples were 
stored in liquid nitrogen until RNA extraction.

Cell Culture and Treatment

Human OS cell lines MG63, 143B, U2OS, and SaOS 
and the human osteoblast cell line hFOB1.19 were  
purchased from the American Type Culture Collection 
(ATCC; Manassas, VA, USA). All cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM; Gibco, 
Grand Island, NY, USA) containing 10% heat-inactivated 
fetal bovine serum (FBS; Gibco). The cells were plated 
in tissue culture dishes at 37°C in a humidified 5% CO2 
incubator and cultured for 1–3 days for further study.

qRT-PCR

Total RNA was extracted from culture cells or tissues 
using TRIzol reagent (Life Technologies, Carlsbad, CA, 
USA) according to the manufacturer’s instructions. For 
detection of the expression levels of miR-152 in cells, 
the TaqMan MicroRNA Reverse Transcription Kit and 
TaqMan Universal Master Mix II (Applied Biosystems, 
Foster City, CA, USA) were used under ABI 7900  
Sequence Detection System (Applied Biosystems). Prime-
Script RT Reagent Kit (Promega, Madison, WI, USA)  
and the One Step SYBR PrimeScript (Promega) were  
used for testing the mRNA expression levels of E2F3 
in cells. The primers for E2F3 and GAPDH used in this 
study were as described previously22. The internal control 
genes were GAPDH for E2F3 mRNA and U6 for miR-
152. Relative expressions of miR-152 and E2F3 were 
calculated by the relative quantification (2−DDCt) method.

Cell Transfection

The cells were cultured in a 6-well or 24-well plate for 
24 h and then were transfected with plasmids (100 ng)  
or miRNAs (100 nM) using Lipofectamine 2000 reagent 
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s protocol. miR-152 mimic and miRNA control  
mimic (miR-NC) were synthesized by RiboBio (Guang-
zhou, P.R. China). Overexpression E2F3 plasmid (pCDNA3. 
1-E2F3) was given by Dr. Han (Jilin University, Chang-
chun, P.R. China).

Cell Proliferation and Colony Formation Assays

Cell proliferation was analyzed by MTT assay. Briefly, 
cells (2 ́  103/well) were seeded in a 96-well plate, and 
cell proliferation was determined every 24 h for 72 h. 
At the indicated time point (24, 48, and 72 h), 20 μl of 
MTT (Sigma-Aldrich, St. Louis, MO, USA) was added 

into each well; 150 μl of dimethyl sulfoxide (DMSO) 
(Sigma-Aldrich) was added to each well to stop the reac-
tion, and optical density was measured at 490 nm using 
a microplate reader (Bio-Tek Company, Winooski, VT, 
USA).

For colony formation, transfected cells were cultured  
in six-well plates at a density of 1 ́  103

 cells/well for 
14 days. The resulting colonies were fixed in 4% para-
formaldehyde for 5 min and stained with 1.0% crystal 
violet for 1 min. The colony formation rate was cal-
culated with an X71 inverted microscope (Olympus, 
Tokyo, Japan) as number of colonies/number of seeded 
cells ́  100%.

Cell Migration and Invasion Assays

Cell migratory distance was determined by wound 
healing assay. Each well of a six-well culture plate was 
seeded with cells to a final density of 100,000 cells/well, 
and these cells were grown to a 100% confluent mono-
layer. Wounds were created in the cell monolayer by 
scratching with a plastic pipette tip. After washing with 
serum-free culture medium three times, the cells were 
cultured for another 24 h. Wound closure was moni-
tored by collecting digitized images at 0 and 24 h after 
the scratch was performed. Cell migration distance was 
observed and photographed under a light microscope and 
was analyzed using ImageJ software 3.1.

The invasion ability of cells was evaluated using 
Transwell chambers (BD Biosciences, Franklin Lakes, 
NJ, USA). Briefly, transfected cells (1 ́  105 cells per 
assay) were seeded into the upper chamber coated with 
Matrigel (BD Biosciences) in serum-free medium, whereas 
DMEM containing 20% FBS was added to the lower 
chamber as chemoattractant. Twenty-four hours later, 
cells that had migrated to the lower surface were fixed 
with 70% ethanol and stained with 0.1% crystal violet, 
photographed under a light microscope (magnification: 
200´), and counted in five randomly selected fields.

Luciferase Reporter Assay

Prediction of potential miR-152 target genes was per-
formed using the four public bioinformatics algorithms: 
miRanda, TargetScan, miRBase, and PicTar. One of the 
identified possible targets, namely, E2F3, was chosen for 
experimental verification of its ability to bind miR-152 
via luciferase assays. The human E2F3-3¢-UTR, contain-
ing the putative miR-152 binding site, was amplified and 
subcloned into the pGL3 vector (Ambion, Austin, TX, 
USA) and named as WT-E2F3-3¢-UTR. A mutated E2F3-
3¢-UTR with an altered binding sequence was created 
using the QuikChange Site-Directed Mutagenesis Kit 
(Stratagene, Dallas, TX, USA), referred to as MT-E2F3-
3¢-UTR. For the luciferase reporter assays, U2OS cells 
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were cotransfected with an oligo (miR-152 or miR-NC) 
and one of the two reporter plasmids (WT-E2F3-3¢-UTR 
or MT-E2F3-3¢-UTR), using Lipofectamine 2000 accord-
ing to the manufacturer’s protocol. Forty-eight hours after 
cotransfection, cells were lysed, and the luciferase activ-
ity was determined using the Dual-Luciferase Reporter 
Assay Kit (Promega) per the manufacturer’s protocol. 
Renilla luciferase activity was normalized to that of fire-
fly luciferase.

Western Blotting Analysis

Total cell or tissue extracts were extracted using cell 
lysis buffer followed by immunoblotting with anti-E2F3 
(1:1,000; Cell Signaling Technology, Danvers, MA, USA) 

or anti-GAPDH (1:4,000; Cell Signaling Technology) as 
previously described22.

Statistical Analysis

All statistical analyses were performed using the SPSS 
19 statistical software (Chicago, IL, USA). The values 
are presented as mean ± standard deviation (SD) and are 
considered significant with a value of p < 0.05. Statistical 
analysis between two samples was performed using Stu-
dent’s t-test, and more than two groups were performed 
using one-way ANOVA. Kaplan–Meier analysis was used 
to analyze patients’ survival. The correlations between 
miR-152 and E2F3 were analyzed in OS tissues using 
Pearson’s correlation analysis.

Figure 1. MicroRNA-152 (miR-152) is downregulated in osteosarcoma (OS) tissues and cell lines. (A) The expression of miR-152 in 
four human OS cell lines (MG63, 143B, U2OS, and SaOS) and a human osteoblast cell line (hFOB 1.19) was measured by qRT-PCR 
analysis. (B) Expression of miR-152 in OS tissues and corresponding normal tissues from 45 OS patients. (C) Expression of miR-152 
in different clinical stages. (D) Expression of miR-152 in OS tissues with or without lymph node metastasis. **p < 0.01.
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RESULTS

miR-152 Is Downregulated in OS Tissues  
and Cell Lines

In order to determine the expression level of miR-
152 in human OS cell lines (MG63, 143B, U2OS, and 
SaOS) and in the human osteoblast cell line (hFOB 1.19), 
qRT-PCR was performed. Expression analysis results 
showed that relative expression of miR-152 was signifi-
cantly downregulated in four OS cell lines compared with 
the human osteoblast cell line (Fig. 1A). Moreover, we 
found that OS tissues had significantly lower expression 
levels of miR-152 compared to adjacent normal tissues 
(p < 0.01) (Fig. 1B). We also found that miR-152 expres-
sion was lower in OS tissues with lymph node metasta-
sis (p < 0.01) (Fig. 1C) and those at an advanced clinical 
stage (p < 0.01) (Fig. 1D). These results suggested that 
miR-152 expression was downregulated in OS tissues 
and cell lines.

miR-152 Inhibits the Proliferation and Colony 
Formation of OS Cells

To explore the biological functions of miR-152 in OS, 
we transfected miR-152 and miR-NC mimics into U2OS 
cells and found that miR-152 expression was upregu-
lated in U2OS cells transfected with miR-152 mimics 
compared with cells transfected with miR-NC mimics 
(Fig. 2A). MTT assay showed that cell proliferation was 
significantly reduced in miR-152-treated cells in compar-
ison with the miR-NC-treated cells (Fig. 2B). Consistent 
with this result, colony formation assay showed that 
miR-152 significantly decreased the colony formation of 
U2OS cells (Fig. 2C).

miR-152 Inhibits the Migration and Invasion  
of OS Cells

Given the miR-152 expression to be lower in tissues 
with lymph node metastasis, we hypothesized that miR-
152 may affect metastatic activity in OS. To test this 
hypothesis, wound healing and Transwell invasion assays 
were performed to assess the effect of miR-152 on migra-
tion and invasion. We found that the ectopic expression 
of miR-152 significantly inhibited the migration and 
invasion activities of U2OS cells (Fig. 3A and B), 
indicating that miR-152 indeed reduces the metastatic 
potential of OS cells.

E2F3 Is a Target of miR-152 in OS

In order to investigate the molecular mechanism 
underlying the role of miR-152 in OS, we searched for 
potential miR-152 targets using the four public bioinfor-
matics algorithms (miRanda, TargetScan, miRBase, and  
PicTar). E2F3 mRNA was predicated as a potential bind-
ing target for miR-152 for further study (Fig. 4A). Lucif-
erase reporter assays further confirmed that miR-152  F
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overexpression decreased the luciferase activity of the 
WT-E2F3-3¢-UTR reporter construct (p < 0.05) (Fig. 4B) 
but did not affect the activity of the MT-E2F3-3¢-UTR 
construct (Fig. 4B). Moreover, we found that the miR-152 
overexpression dramatically decreased the expression of 
U2OS both at the mRNA (Fig. 4C) and the protein levels  
(Fig. 4D) in U2OS cells. These results suggested that 
E2F3 was a target of miR-152 in OS.

E2F3 Was Upregulated and Negatively Correlated 
With miR-152 in OS Tissues

To further explore the relationship between miR-152 
and E2F3 in OS, we examined the E2F3 mRNA expres-
sion level in OS tissues and adjacent normal tissues by 
qRT-PCR. As shown in Figure 5A, E2F3 mRNA expres-
sion was higher in OS tissues than in adjacent normal 
tissues. Pearson’s correlation analysis demonstrated that  
E2F3 mRNA expression was inversely correlated with 

miR-152 levels in OS tissues (r = −0.377, p = 0.01) 
(Fig. 5B).

Overexpression of E2F3 Ablates the Inhibitory  
Effects of miR-152 in OS Cells

As E2F3 was a target of miR-152 in OS cells, we spec-
ulated that E2F3 might be involved in miR-152-mediated 
inhibition of OS cell growth and metastasis. To test this 
hypothesis, miR-152 mimic and an E2F3 overexpressing 
vector (pCDNA3.1-E2F3) were cotransfected into U2OS 
cells. qRT-PCR and Western blot assays showed that both 
the mRNA and protein levels of E2F3 were increased by 
transfection with pCDNA3.1-E2F3 and were reduced by 
miR-152 mimic (p < 0.05), and the levels were restored 
after cotransfection with PCDNA3.1-E2F3 and miR-
152 mimic (p < 0.001) (Fig. 6A and B), indicating the 
high efficiency of transfection. Moreover, transfection 
of PCDNA3. 1-E2F3 reversed the inhibitory effects of 

Figure 3. miR-152 inhibits OS cell migration and invasion in vitro. (A) Cell migration was detected in U2OS cells transfected with 
miR-152 mimic or miR-NC by wound healing. (B) Cell invasion was detected in U2OS cells transfected with miR-152 mimic or 
miR-NC by Transwell invasion assay. **p < 0.01.
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Figure 4. E2F3 is a direct target of miR-152 in OS cells. (A) The putative miR-152-binding sites and mutant 3¢-UTR-E2F3 sites are 
shown. The replaced site is underlined. WT, wild type; MT, mutant type. (B) Relative luciferase activity was detected in U2OS cells 
cotransfected with WT/MT-E2F3-3¢-UTR reporter plasmid and miR-152 mimic or miR-NC. (C, D) The E2F3 expression on mRNA 
and protein levels was determined in U2OS cells transfected with miR-152 mimic and miR-NC. GAPDH was used as an internal 
control. **p < 0.01.

Figure 5. E2F3 expression was upregulated and was negatively correlated with miR-152 in ovarian cancer tissues. (A) The E2F3 
mRNA expression level was measured in 45 pairs of OS tissues and adjacent normal tissues by qRT-PCR. GAPDH was used as an 
internal control. (B) The correlation of the expression levels of E2F3 and miR-152 was analyzed by Pearson’s correlation assay in OS 
tissues (n = 45). **p < 0.01.
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miR-152 on U2OS cell proliferation, colony formation, 
migration, and invasion (Fig. 6C–F). These results sug-
gested that miR-152 exerts a suppressive role in OS by 
repressing E2F3.

DISCUSSION

Growing evidence has suggested that miRNAs play 
important roles in regulating initiation and develop-
ment of OS as oncogenes or tumor suppressor genes9,10. 
For example, Dong et al. showed that overexpression of  
miR-874 in OS cells could remarkably inhibit prolifera-
tion, migration, and invasion and induce cell apoptosis by 
targeting E2F322. Qu et al. found that restoration of miR-
150 expression in OS cells could inhibit cell proliferation, 
migration, and invasion and induced apoptosis in vitro as 
well as suppressed tumor growth of OS in vivo by repress-
ing IGF2 mRNA-binding protein 1 (IGF2BP1)23. Lin  
et al. demonstrated that exogenous miR-203 overexpres-
sion inhibited OS cell proliferation and invasion and pro-
moted apoptosis by targeting Runt-related transcription 
factor 2 (RUNX2)24. In the present study, we found that 
miR-152 was underexpressed in OS tissues and cell lines. 
Decreased miR-152 was inversely correlated with lymph 
node metastasis and advanced clinical stage, which was 
consistent with a previous study21. Moreover, we found 

that overexpression of miR-152 in OS cells significantly 
inhibited proliferation, colony formation, migration, and 
invasion. These findings suggested that miR-152 may be 
a novel therapeutic target for OS.

Having a tumor-suppressive role in tumorigenesis, 
miR-152 was reported to regulate cell proliferation, 
migration, cell cycle, apoptosis, and invasion by directly 
or indirectly repressing oncogene expression, such as  
such as B7-H113, ALCAM14, PIK3R315, WNT116, ERBB316, 
neuropilin-117, PIK3CA25, and RTKN26. Here E2F3 is 
identified to be another important target of miR-152 by 
luciferase reporter assay, qRT-PCR, and Western blot. 
E2F3, a member of the E2F family, is a major regulator of 
cell cycle, apoptosis, and differentiation27. E2F3 expres-
sion was upregulated and functioned as an oncogene in 
many types of cancer, such as lung cancer28, bladder can-
cer29, colorectal cancer30, and gastric cancer31. In OS, it 
has been shown that E2F3 expression was upregulated in 
human OS tissue samples compared with paired normal 
tissues32 and that knockout E2F3 significantly inhibited OS 
cell proliferation, colony formation, migration, and inva-
sion22, suggesting E2F3 was an oncogene in OS. In the 
current study, our results demonstrated that E2F3 expres-
sion was upregulated in OS tissues and was inversely 
correlated with miR-152 expression. Of note, our result 

Figure 6. Overexpression of E2F3 ablates the inhibitory effects of miR-152 in OS cells. (A, B) E2F3 mRNA and protein levels were 
determined in U2OS cells after transfection with miR-152 mimic or miR-NC, with or without E2F3 cDNA vector (pCDNA3.1-E2F3). 
GAPDH was used as an internal control. (C–F) Cell proliferation, colony formation, migration, and invasion were determined in U2OS 
cells after transfection with miR-152 mimic or miR-NC, with or without pCDNA3.1-E2F3. *p < 0.05, **p < 0.01.
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showed that restoring E2F3 expression attenuated miR-
152-induced inhibitory effects on cell proliferation, col-
ony formation, migration, and invasion in OS cells. In  
all, these findings indicated that miR-152 exerts a sup-
pressive role in OS, at least in part, by repressing E2F3.

This study has several limitations. First, a larger  
number of OS samples were needed to increase the 
strength of the study. Second, the roles of miR-152 in 
OS should be tested in two or more OS cell lines. Third, 
in vivo application of gene therapy in animal models of  
OS may provide in vivo data to better comprehend the 
suppressive role of miR-152.

To summarize, here we provide evidence that miR-
152 was downregulated in both OS cell lines and primary 
OS human tumors. Overexpression of miR-152 inhibited 
proliferation, colony formation, migration, and invasion of 
OS cells. We also demonstrated that E2F3 was the down-
stream molecular target of miR-152 in OS cells. These 
results suggested that miR-152 could serve as a novel 
therapeutic target for inhibiting the growth of OS.

ACKNOWLEDGMENT: The authors declare no conflicts of 
interest.

REFERENCES
Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013.  1. 
CA Cancer J Clin. 2013;63(1):11–30.
Mirabello L, Troisi RJ, Savage SA. Osteosarcoma inci- 2. 
dence and survival rates from 1973 to 2004: Data from 
the Surveillance, Epidemiology, and End Results Program. 
Cancer 2009;115(7):1531–43.
Hattinger CM, Biason P, Iacoboni E, Gagno S, Fanelli M,  3. 
Tavanti E, Vella S, Ferrari S, Roli A, Roncato R, Giodini L, 
Scotlandi K, Picci P, Toffoli G, Serra M. Candidate germline 
polymorphisms of genes belonging to the pathways of four 
drugs used in osteosarcoma standard chemotherapy associ-
ated with risk, survival and toxicity in non-metastatic high-
grade osteosarcoma. Oncotarget 2016;7(38):61970–87.
Bartel DP. MicroRNAs: Genomics, biogenesis, mechanism,   4. 
and function. Cell 2004;116(2):281–97.
McManus MT. MicroRNAs and cancer. Semin Cancer  5. 
Biol. 2003;13(4):253–8.
Malan-Muller S, Hemmings SM, Seedat S. Big effects  6. 
of small RNAs: A review of microRNAs in anxiety. Mol 
Neurobiol. 2013;47(2):726–39.
Farazi TA, Spitzer JI, Morozov P, Tuschl T. miRNAs in  7. 
human cancer. J Pathol. 2011;223(2):102–15.
Garzon R, Marcucci G. Potential of microRNAs for cancer  8. 
diagnostics, prognostication and therapy. Curr Opin Oncol. 
2012;24(6):655–9.
Kushlinskii NE, Fridman MV, Braga EA. Molecular mech- 9. 
anisms and microRNAs in osteosarcoma pathogenesis. 
Biochemistry (Mosc) 2016;81(4):315–28.
Sampson VB, Yoo S, Kumar A, Vetter NS, Kolb EA. 10. 
MicroRNAs and potential targets in osteosarcoma: Review. 
Front Pediatr. 2015;3:69.
Pazzaglia L, Novello C, Conti A, Pollino S, Picci P, Benassi 11. 
MS. miR-152 down-regulation is associated with MET up-
regulation in leiomyosarcoma and undifferentiated pleo-
morphic sarcoma. Cell Oncol. (Dordr) 2017;40(1):77–88.

Liu X, Li J, Qin F, Dai S. miR-152 as a tumor suppressor 12. 
microRNA: Target recognition and regulation in cancer. 
Oncol Lett. 2016;11(6):3911–6.
Xie G, Li W, Li R, Wu K, Zhao E, Zhang Y, Zhang P, Shi L, 13. 
Wang D, Yin Y, Deng R, Tao K. Helicobacter pylori promote 
B7-H1 expression by suppressing miR-152 and miR-200b 
in gastric cancer cells. PLoS One 2017;12(1):e0168822.
Chen MJ, Cheng YM, Chen CC, Chen YC, Shen CJ. 14. 
MiR-148a and miR-152 reduce tamoxifen resistance in 
ER+ breast cancer via downregulating ALCAM. Biochem 
Biophys Res Commun. 2017;483(2):840–6.
Li B, Xie Z, Li B. miR-152 functions as a tumor suppres-15. 
sor in colorectal cancer by targeting PIK3R3. Tumour Biol. 
2016;37(8):10075–84.
Tang XL, Lin L, Song LN, Tang XH. Hypoxia-inducible 16. 
miR-152 suppresses the expression of WNT1 and ERBB3, 
and inhibits the proliferation of cervical cancer cells. Exp 
Biol Med. (Maywood) 2016;241(13):1429–37.
Zhang YJ, Liu XC, Du J, Zhang YJ. MiR-152 regulates 17. 
metastases of non-small cell lung cancer cells by targeting 
neuropilin-1. Int J Clin Exp Pathol. 2015;8(11):14235–40.
Zhu C, Li J, Ding Q, Cheng G, Zhou H, Tao L, Cai H, 18. 
Li P, Cao Q, Ju X, Meng X, Qin C, Hua L, Shao P, Yin 
C. miR-152 controls migration and invasive potential by 
targeting TGFalpha in prostate cancer cell lines. Prostate 
2013;73(10):1082–9.
Liu DZ, Ander BP, Tian Y, Stamova B, Jickling GC, Davis 19. 
RR, Sharp FR. Integrated analysis of mRNA and microRNA 
expression in mature neurons, neural progenitor cells and 
neuroblastoma cells. Gene 2012;495(2):120–7.
Huang S, Li X, Zhu H. MicroRNA-152 targets phosphatase 20. 
and tensin homolog to inhibit apoptosis and promote cell 
migration of nasopharyngeal carcinoma cells. Med Sci 
Monit. 2016;22:4330–7.
Wang NG, Wang DC, Tan BY, Wang F, Yuan ZN. Down-21. 
regulation of microRNA152 is associated with the diagno-
sis and prognosis of patients with osteosarcoma. Int J Clin 
Exp Pathol. 2015;8(8):9314–9.
Dong D, Gong Y, Zhang D, Bao H, Gu G. miR-874 sup-22. 
presses the proliferation and metastasis of osteosarcoma by 
targeting E2F3. Tumour Biol. 2016;37(5):6447–55.
Qu Y, Pan S, Kang M, Dong R, Zhao J. MicroRNA-150 23. 
functions as a tumor suppressor in osteosarcoma by target-
ing IGF2BP1. Tumour Biol. 2016;37(4):5275–84.
Lin W, Zhu X, Yang S, Chen X, Wang L, Huang Z, Ding 24. 
Y, Huang L, Lv C. MicroRNA-203 inhibits proliferation 
and invasion, and promotes apoptosis of osteosarcoma cells 
by targeting Runt-related transcription factor 2. Biomed 
Pharmacother. 2017;91:1075–84.
Ge S, Wang D, Kong Q, Gao W, Sun J. Function of miR-25. 
152 as a tumor suppressor in human breast cancer by target-
ing PIK3CA. Oncol Res. 2017;25(8):1363–71.
Zhou J, Zhang Y, Qi Y, Yu D, Shao Q, Liang J. 26. 
MicroRNA-152 inhibits tumor cell growth by directly 
targeting RTKN in hepatocellular carcinoma. Oncol Rep. 
2017;37(2):1227–34.
Ginsberg D. E2F3—A novel repressor of the ARF/p53 27. 
pathway. Dev Cell 2004;6(6):742–3.
Al Ahmed HA, Nada O. E2F3 transcription factor: A prom-28. 
ising biomarker in lung cancer. Cancer Biomark. 2017; 
19(1):21–6.
Wang JP, Jiao Y, Wang CY, Xu ZB, Zhang B. Rb knock-29. 
down accelerates bladder cancer progression through E2F3 
activation. Int J Oncol. 2017;50(1):149–60.



miR-152 INHIBITS PROGRESSION OF OSTEOSARCOMA 773

Chang SW, Yue J, Wang BC, Zhang XL. miR-503 inhibits 30. 
cell proliferation and induces apoptosis in colorectal can-
cer cells by targeting E2F3. Int J Clin Exp Pathol. 2015; 
8(10):12853–60.
Li X, Li H, Zhang R, Liu J, Liu J. MicroRNA-449a inhib-31. 
its proliferation and induces apoptosis by directly repress-
ing E2F3 in gastric cancer. Cell Physiol Biochem. 2015; 
35(5):2033–42.

Bilke S, Schwentner R, Yang F, Kauer M, Jug G, Walker 32. 
RL, Davis S, Zhu YJ, Pineda M, Meltzer PS, Kovar H. 
Oncogenic ETS fusions deregulate E2F3 target genes in 
Ewing sarcoma and prostate cancer. Genome Res. 2013; 
23(11):1797–809.




