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Abstract
Background: MiRNAs are frequently abnormally expressed in the progression of human osteosarcoma. Phosphatase
and tensin homologue deleted on chromosome 10 (PTEN) is one of the tumor suppressors in various types of human
cancer. In the present study, we detected how hsa-miR-30a-3p regulated PTEN and further tested the role of hsa-miR30a-3p in the cell proliferation of osteosarcoma cells.
Methods: The levels of miR-30a were determined by real time PCR. The expression of PTEN was tested by western
blotting analysis. Cell distribution of PTEN was observed with confocal laser scanning microscope. Cell viability was
determined by MTT assay.
Results: The expression of miR-30a and PTEN was obviously decreased in MG-63, 143B and Saos-2 cells compared
with primary osteoblasts. TargetScan analysis data showed miR-30a might bind with position 30-57 of 3’UTR of PTEN.
Transfection with miR-30a-3p increased the level of PTEN in MG-63 cells, while transfection with miR-30a-3p inhibitor
significantly decreased the expression of PTEN in osteosarcoma cells. Transfection with miR-30a-3p significantly
inhibited cell proliferation of osteosarcoma cells, while miR-30a inhibitor obviously promoted cell viability of
MG63 cells and Saos-2 cells. Inhibition of PTEN eliminated the proliferation inhibitory effect of miR-30a-3p.
Conclusion: Thus, all these findings revealed the anti-tumor effects of miR-30a in human osteosarcoma cells, which
could be mediated by regulating the level of PTEN.
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Background
Osteosarcoma is one of lethal diseases with highly aggressive progression and poor prognosis, which seriously
threatens the health of children and young people.
MicroRNAs (miRNAs) are an abundant class of evolutionarily conserved, small, single-stranded noncoding
RNAs found in diverse organisms. Although the biological functions of most miRNAs are not yet fully
understood, they may have a key role in the regulation
of various biological processes [1]. The miRNAs have
rapidly gained traction in various human diseases such
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as cancer, heart diseases, immune-related diseases and
diabetes, etc. It has been found that miRNAs are widely
involved in tumorigenesis, invasion and metastasis of
osteosarcoma, in which miRNAs act as tumor suppressors or oncogenes [2]. Researches on high-throughput
RNA-sequencing data revealed that miRNAs was abnormally expressed in small cell osteosarcoma specimens
compared with healthy individuals, in which 37 miRNAs
were dysregulated consisted of 27 up-regulated miRNAs
and 10 down-regulated miRNAs [3]. The identification
and expression of miRNAs in osteosarcoma patients
may be reliable diagnostic and prognostic markers in the
therapy of osteosarcoma [4]. Recently, more and more
miRNAs were reported to play the important role in the
proliferation and invasion of human osteosarcoma cells.
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For example, miR-543 was significantly upregulated
whereas the levels of PRMT9 were obviously decreased
in osteosarcoma tissues compared to the paired normal
bone tissues. The data showed that miR-543 promoted
cell growth in vitro and in vivo by suppressing PRMT9enhanced cell oxidative phosphorylation, which target
the 3′-UTR of PRMT9 mRNA to inhibit its translation
[5]. The levels of miR-106b were significantly higher in
osteosarcoma, which functioned as an oncogene to promote the progression of osteosarcoma [6]. Moreover,
miR-1247 was detected to work as a potential tumor
suppressor by targeting MAP3K9 in progression of
osteosarcoma [7].
MiR-30a has been found to act as a tumor suppressor
in various human cancers. Liu X et al. reported that
miR-30a inhibited tumor growth by double-targeting
COX-2 and BCL-9 in H.pylori gastric cancer models [8].
It also suppressed the progression of glioma by repression of Wnt5a, as well as the stem cell like properties
[9]. In breast cancer cells, miR-30a attenuated the progression of breast cancer by down-regulating the downstream target gene, Notch1 [10]. MiR-30a also targeted
the DNA replication protein RPA1 to suppress the replication of DNA and ultimately to initiate cancer cell
apoptosis in gastric cancer cell models [11]. Moreover,
in colon carcinoma, restoring miR-30a function suppressed tumor growth by targeting the 3′ UTR of denticleless protein homolog (DTL), which prove useful as an
effective therapeutic strategy for colon carcinoma [12].
However, the role of miR-30a was not clearly clarified
in human osteosarcoma. There was only one paper on
miR-30a in osteosarcoma and it has reported that overexpression of miR-30a decreased the proliferation, migration and invasion of osteosarcoma cells by targeting
and regulating the expression of runt-related transcription factors 2 (Runx2) [13]. In the present study, we
used bioinformatics prediction software (TargetScan online analysis) to investigate the possible target gene of
miR-30a in humans and the results demonstrated that
miR-30a might target the 3’UTR of PTEN in human
cells. Thus, we designed several experiments to investigate the role of miR-30a in the progression of osteosarcoma and explored whether PTEN was regulated by
miR-30a in osteosarcoma cancer cells. The study would
give new clues to clearly reveal the tumorigenesis of
osteosarcoma.

Methods
Agents and cell lines

The human osteosacoma cancer cell lines MG63, 143B
and Saos-2 were purchased from Shanghai Institute of
Cell Biology, Chinese Academy of Sciences. Human primary osteoblasts (Cat.No.GN-H109) was obtained from
Gaining biological corporation (Shanghai, China). The
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cells were maintained and cultured in DMEM medium
supplemented with 10% FBS, streptomycin and penicillin
(1×) in cell incubator under the humid air atmosphere
with 5% CO2 at 37 °C. MISSION® microRNA Mimic
hsa-miR-30a-3p (Cat.No.HMI0455) and negative control
(Cat. No.HMC002) was purchased from Sigma. hsamiR-30a-3p miRNA Inhibitor (Cat. No. MIH01690) and
miRNA Inhibitor Negative Control (Cat.No.MIH00000)
were obtained from abm corporation. PTEN inhibitor
SF1670 (Cat.No.SML0684) was purchased from Sigma.
Cell transfection

The osteosarcoma cells were transfected with miR-30a3p mimic, negative control mimic, miR-30a-3p inhibitor
and negative control inhibitor using lipofectamine 2000
transfection reagents (Invitrogen, Carlsbad, CA, U.S.A)
cultured for 24, 48 and 72 h respectively according to
the manual.
MTT assay

MG63 cells and Saos-2 cells were transfected with miR30a-3p mimic, negative control mimic, miR-30a-3p inhibitor and negative control inhibitor for the indicated
period of time. Cell viability was determined by MTT
assay as described in [14, 15].
RNA isolation and qRT-PCR

Total RNA from cultured MG63 cells, 143B and Saos-2
cells was extracted with an RNApure kit (Bioteke,
Beijing, China) according to the manufacturer’s instructions. Total cDNA was reverse transcribed by using
PrimeScript RT reagent Kit (Takara, Dalian, China) and
miRNA cDNA was reverse transcribed by one step
PrimeScript miRNA cDNA Synthesis Kit (Takara,
Dalian, China). MystiCq® microRNA qPCR Assay Primer
hsa-miR-30a-3p (Cat. No. MIRAP00080) was purchased
from Sigma. The miRNA levels were detected by qPCR
with the ABI 7500 FAST real-time PCR System (Applied
Biosystems, Carlsbad, USA) using SYBR Green (Takara,
Dalian, China). The reference gene U6 was used in the
experiment.
Immunofluorescence

The osteosarcoma cells were plated into 6-well plate and
transfected with hsa-mir-30a mimic and negative control
mimic for 24 h. The cells were fixed by 4% paraformaldehyde for 10 min and permeabilized with 0.1%
TritonX-100 for 5 min. Next, the cells were blocked
with 2% BSA for 1 h to block the non-specific protein.
Then the cells were incubated with anti-PTEN antibody
(Cat. No. ab79156) overnight at 4 °C. The secondary
antibody was Alexa Fluor® 488 goat anti-mouse IgG (H + L)
(Cat. No. ab150113) and the commonly used concentration
was 2 μg/ml for 1 h. All the antibodies were obtained from
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Abcam corporation. Cell nucleus was stained by DAPI at a
final concentration of 1.43 μM.
Western blotting analysis

The levels of PTEN in MG63 cells, 143B cells, Saos-2 cells
and primary osteoblasts cells were determined by western
blotting analysis as described in the papers [16–18]. AntiPTEN antibody [A2b1] (Cat. No. ab79156) was a mouse
monoclonal antibody [A2b1] to PTEN and purchased
from Abcam corporation. Beta-actin antibody and the
horseradish peroxidase-conjugated goat anti-mouse were
all purchased from Santa Cruz biothechnology incoporation (Amersham).
Statistical analysis

The data was analyzed by SPSS 20.0 software. All the
data were repeated three times. The data were shown as
the mean ± standard error. *p < 0.05, **p < 0.01, compared with negative control group.

Results
Firstly, we compared the expression level of PTEN in
osteosarcoma cell lines (MG63, 143B and Saos-2) and
normal osteoblasts. The levels of PTEN were detected
by western blotting analysis and the results demonstrated that the expression of PTEN was obviously decreased in MG63, 143B and Saos-2 cell line compared
with that in primary osteoblasts (Fig. 1a). Moreover, the
levels of miR-30a were also determined by real time
PCR. As shown in Fig. 1b, the cell lines MG63, 143B
and Saos-2 showed higher level of miR-30a than that of
osteoblasts (**p < 0.01, compared with osteoblasts).
In order to test the role of miR-30a in human osteosarcoma cell lines, MG63 cells were transfected with
miR-30a inhibitor and inhibitor negative control and
cultured for 24 h. The results demonstrated that the relative level of miR-30a in miR-30a inhibitor-transfected cells
was significantly decreased compared with that in inhibitor negative control-transfected MG63 cells (**p < 0,01) in
Fig. 2a. Conversely, miR-30a mimic-transfected MG63
cells had significantly higher level of miR-30a than
that of mimic negative control-transfected MG63 cells
(**p < 0.01) in Fig. 2b. There was no statistical difference
between the negative control transfected cells and untreated cells.
Transfection with hsa-miR-30a mimic increases cytoplasmic
PTEN level in MG63 cells by confocal laser scanning
microscope

We scanned the 3’UTR sequence of PTEN by Targetscan
online analysis tool to search for probable complementary
sites of human miRNAs. As shown in Fig. 3a, hsa-miR30a-3p could bind with the position of 30-57 of PTEN
3’UTR. In order to determine the impact of hsa-miR-30a

Fig. 1 The level of PTEN and miR-30a is down-regulated in
osteosarcoma cell lines.Transfection with miR-30a mimic or miR-30a
inhibitor changes the relative level of miR-30a in MG63 cells. The
osteosarcoma cells (MG63, 143B and Saos-2) were plated into a 48-well
plate and cultured for 8 h. Primary osteoblasts were used as normal
controls. a The levels of PTEN was determined by western blotting
analysis. b The levels of relative expression of miR-30a was determined
by real-time PCR assay. **p < 0.01, compared with osteoblasts

on the expression of PTEN in osteosarcoma cells, MG63
cells were transfected with miR-30a mimic and mimic
negative control for 24 h and the expression of PTEN was
observed by confocal laser scanning microscope. As
shown in Fig. 3b, the fluorescence intensity of PTEN in
miR-30a mimic transfected MG63 cells was obviously increased compared with mimic negative control transfected
MG63 cells. Moreover, the fluorescence intensity was
higher in cytoplasm than that of the nucleus. All the
results show that overexpression of hsa-miR-30a
might increase the expression of PTEN in MG63 cells
and hsa-miR-30a may positively regulate the expression of PTEN.
MiR-30a positively regulates the expression of PTEN in
MG-63 cells

Next, we further explored how miR-30a regulated the
expression of PTEN in osteosarcoma cells. The MG-63
cells were transfected with miR-30a-3p mimic and
mimic negative control for 24 h and western blot analysis demonstrated that miR-30a-3p mimic-transfected
MG63 cells had much higher level of PTEN than that
of mimic negative control-transfected MG63 cells
(**p < 0.01) in Fig. 4a. While the cells were transfected
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Fig. 2 miR-30a mimic and miR-30a inhibitor is used to change the endogenous level of miR-30a. a The osteosarcoma cells MG63 were plated into
a 48-well plate and transfected with miR-30a inhibitor and inhibitor negative control for 24 h. The relative level of miR-30a was determined by
real-time PCR assay. **p < 0.01, compared with inhibitor control transfected group. b MG63 cells were transfected with miR-30a mimic and mimic
control for 24 h and the relative level of miR-30a was determined by real time PCR assay. The relative level of miR-30a in miR-30 mimic transfected
group and mimic negative control group had a significant difference (**p < 0.01)

with miR-30a-3p inhibitor and inhibitor negative control for 24 h and the results showed that PTEN level
was significantly decreased in miR-30a inhibitor transfected MG-63 cells than that in inhibitor negative
control transfected MG-63 cells (**p < 0.01) in Fig. 4b.
Moreover, PTEN expression was inhibited in MG-63

cells by using SF1670, a specific PTEN inhibitor
which binds to the active site of PTEN. Western blot
analysis suggested a significant reduction of PTEN expression in SF1670 treated cells compared with MG63 cells transfected with miR-30a mimic only in
Fig. 4c.

Fig. 3 Transfection with hsa-miR-30a mimic increases PTEN expression in MG63 cells. a The binding sequence of miR-30a was predicted by
TargetScan online ayalysis. PTEN was predicted as a target of miR-30a-3p and the position 30-57 of PTEN 3’UTR might bind with hsa-miR-30a-3p.
b MG63 cells were transfected with hsa-miR-30a mimic and mimic negative control for 24 h. PTEN distribution was detected by immunofluorescence
microscopy (200×). The staining method was described in Material and Method. DAPI was used to stain the cell nuclei at a concentration of 1.43 μM.
MG63 cells transfected with mimic negative control was used as negative controls
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Fig. 4 MiR-30a positively regulates the expression of PTEN in MG-63 cells. a MG63 cells were transfected with miR-30a-3p mimic and mimic
control for 24 h. The expression levels of PTEN were determined by western blotting analysis. The gray values of PTEN were shown in histogram.
**p < 0.01, compared with mimic negative control group. b MG63 cells were transfected with miR-30a-3p inhibitor and inhibitor negative control
for 24 h. The level of PTEN was determined by western blotting analysis. There was statistical difference between miR-30a-3p inhibitor transfected
cells and inhibitor negative control transfected cells (**p < 0.01). c MG-63 cells were pretreated with 500 nM SF1670 for 3 h and then, transfected
with miR-30a-3p mimic and mimic control for 24 h. The expression levels of PTEN were determined by western blotting analysis. The gray values
of PTEN were shown in histogram. **p < 0.01, compared with mimic negative control group

MiR-30a inhibitor promotes cell proliferation of MG-63
cells and Saos-2 cells

MiR-30a mimic suppresses cell proliferation of MG-63
cells and Saos-2 cells

The functional experiment of miR-30a on the cell
proliferation of osteosarcoma cells were tested by MTT
assay. The MG-63 cells and Saos-2 cells were transfected
with miR-30a inhibitor and inhibitor negative control for
24, 48 and 72 h, and the cell viability was determined by
MTT assay. As shown in Fig. 5a, MG-63 cells transfected with miR-30 inhibitor showed higher cell viability
than that of inhibitor negative control transfected MG63 cells (**p < 0.01, compared with inhibitor negative
control transfected cells). There was no statistical difference between inhibitor negative control transfected cells
and untreated cells. This was consistent with the results
from Saos-2 cells (Fig. 5b).

Furthermore, we used miR-30a mimic and mimic
negative control to transfect MG-63 cells and Saos-2
cells and the cells were cultured for 24, 48 and 72 h.
As shown in Fig. 6a and b, cell proliferation value
was significantly decreased in miR-30a mimic transfected MG63 cells and Saos-2 cells, compared with
that in mimic negative control-transfected cells (*p < 0.05,
**p < 0.01). Next, the expression of PTEN was inhibited by
SF1670, as shown in Fig. 6c and d. The inhibition of
PTEN expression promoted cell proliferation compared with MG-63 cells and Saos-2 cells transfected
with miR-30a mimic exclusively. All the results demonstrated that transfection with miR-30a mimic could
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Fig. 5 MiR-30a inhibitor promotes cell proliferation of MG-63 cells and Saos-2 cells. MG-63 cells (a) and Saos-2 (b) cells were transfected with
miR-30a inhibitor and negative inhibitor control for 24, 48 and 72 h, respectively. OD490 values were determined by MTT assay. **p < 0.01,
compared with negative control inhibitor-transfected cells

obviously suppress the cell viability of human osteosarcoma cells.

Discussion
Osteosarcoma is the most common malignant bone
tumor in children and adolescents. The profile of
miRNA was abnormally expressed in the tumorigenesis
and metastasis of human osteosarcoma. In the present
study, we tested the expression of miR-30a in osteosarcoma cell lines, such as MG63, 143B and Saos-2 cells.
We found that the level of miR-30a was obviously decreased in osteosarcoma cell lines compared with the
normal control cells. Importantly, we predicted the possible binding site of the targeted gene by TargetScan

online analysis, and the data showed that hsa-miR-30a
might bind at the position 30-57 of 3’UTR of PTEN.
This was further to be confirmed by immunofluorescence microscopy. Next, we also tested the expression of
PTEN in osteosarcoma cell lines and the western blotting results showed that the expression of PTEN was obviously decreased in MG63 cells, 143B and Saos-2 cells.
This suggested that miR-30a might positively regulate
the level of PTEN.
Next, we used miR-30a-3p mimic and miR-30a-3p inhibitor to transfect MG63 cells. PTEN level was detected
and the western blotting analysis results showed that
PTEN expression was significantly decreased in miR30a-3p mimic-transfected MG63 cells, whereas the

Fig. 6 MiR-30a mimic suppresses cell proliferation of MG-63 cells and Saos-2 cells. MG-63 cells (a) and Saos-2 cells (b) were transfected with
miR-30a mimic and negative control mimics. MG-63 cells (c) and Saos-2 cells (d) were pretreated with 500 nM SF1670 for 3 h and then, transfected
with miR-30a-3p mimic and mimic control. The cells were cultured for 24, 48 and 72 h, respectively. Cell viability was determined by MTT assay and
OD490nm values were tested. *p < 0.05, **p < 0.01, compared with negative control mimic-transfected osteosarcoma cells
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PTEN level was obviously decreased in miR-30a-3p inhibitor transfected cells compared with that in negative
control inhibitor-transfected MG63 cells. Functional experiment such as MTT assay was performed to test the
role of miR-30a in the proliferation of osteosarcoma cell
lines. MTT assay results revealed that transfection with
miR-30a mimic inhibit cell proliferation of MG-63 cells
and Saos-2 cells. The inhibition rate of miR-30a mimic
in osteosarcoma cells showed a time-dependent manner.
While inhibition of PTEN expression enhanced the proliferation of miR-30a-3p mimic-transfected MG63 cells
and Saos-2 cells. Meanwhile, transfection with miR-30a
inhibitor obviously promoted cell viabiliy of MG-63 cells
and Saos-2 cells. The result was consistent with Zhang’s
results, however, the difference was due to that they
found miR-30a regulated cell proliferation and migration
of human osteosarcoma by targeting Runx2 [12], while we
found that miR-30a-3p might regulate cell proliferation by
targeting the oncogene PTEN in osteosarcoma cells.

Conclusions
In this study, we found miR-30a regulated the proliferation of human osteosarcoma cells by regulating the
levels of target gene PTEN, which will give new clues in
the clinical therapy of human osteosarcoma.
Abbreviations
3’UTR: 3’Untranslated Regions; COX-2: Cyclooxygenase-2; MTT: 3-4,5dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide; PCR: Polymerase
Chain Reaction; PRMT9: Protein arginine methyltransferases 9;
PTEN: Phosphatase and tensin homologue deleted on chromosome 10;
Runx2: Runt-related transcription factor 2
Acknowledgements
We are thankful to the editors and three reviewes, whose questions and
suggestions have greatly improved the quality of our manuscritp.This work
was funded by the National Natural Science Foundation of China. We thanks
to the funding supporting.
Funding
Project supported by the National Natural Science Foundation of China
(No. 81601956).
Availability of data and materials
All data generated or analyzed during this study are included in this
publisehd article files.
Authors’ contributions
BZ and SG were responsible for methodologies and data analysis. BZ and SG
worked in the consensus strategy and TargetScan online analysis. WZ was
involved in the experiment and data analysis of western blotting. CZ, YKW
and CQZ worked in MiR-30a positively regulates the expression of PTEN in
MG-63 cells, MiR-30a inhibitor promotes cell proliferation and MiR-30a mimic
suppresses cell proliferation. All authors were involved in manuscript corrections.
All authors had read and approved the manuscript for publication.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.

Page 7 of 8

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 23 August 2017 Accepted: 6 November 2017

References
1. Eskildsen T, Taipaleenmäki H, Stenvang J, et al. MicroRNA-138 regulates
osteogenic differentiation of human stromal (mesenchymal) stem
cells in vivo. Proc Natl Acad Sci. 2011;108(15):6139–6144. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/21444814. doi:10.1073/pnas.
1016758108.
2. Palmini G, Marini F, Brandi ML. What is new in the miRNA world
regarding osteosarcoma and chondrosarcoma? Molecules. 2017;22.
Available from doi:10.3390/molecules22030417.http://www.ncbi.nlm.nih.
gov/pubmed/28272374
3. Xie L, Liao Y, Shen L, et al. Identification of the miRNA-mRNA regulatory
network of small cell osteosarcoma based on RNA-seq. Oncotarget. 2017;8:
42525–42536. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
28477009. 10.18632/oncotarget.17208.
4. Wang M, Xie R, Si H, Shen B. Integrated bioinformatics analysis of miRNA
expression in osteosarcoma. Artif Cells Nanomed Biotechnol. 2017;45:936–943.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/27315542.
doi:10.1080/21691401.2016.1196456.
5. Zhang H, Guo X, Feng X, et al. MiRNA-543 promotes osteosarcoma cell
proliferation and glycolysis by partially suppressing PRMT9 and stabilizing
HIF-1alpha protein. Oncotarget. 2017;8:2342–2355. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/27911265. 10.18632/oncotarget.13672.
6. Xu M, Zhang YY, Wang HF, Yang GS. The expression and function of
miRNA-106 in pediatric osteosarcoma. Eur Rev Med Pharmacol Sci. 2017;21:
715–22. Available from: http://www.ncbi.nlm.nih.gov/pubmed/28272712
7. Zhao F, Lv J, Gan H, et al. MiRNA profile of osteosarcoma with CD117 and
stro-1 expression: miR-1247 functions as an onco-miRNA by targeting
MAP3K9. Int J Clin Exp Pathol. 2015;8:1451–8. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/25973030
8. Liu X, Ji Q, Zhang C, et al. miR-30a acts as a tumor suppressor by doubletargeting COX-2 and BCL9 in H. pylori gastric cancer models. Sci Rep. 2017;
7:7113. Available from: http://www.ncbi.nlm.nih.gov/pubmed/28769030.
doi:10.1038/s41598-017-07193-w.
9. Zhang Y, Wu Z, Li L, Xie M. miR-30a inhibits glioma progression and stem
celllike properties by repression of Wnt5a. Oncol Rep. 2017;38:1156–1162.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/28627699.
doi:10.3892/or.2017.5728.
10. Zhang HD, Jiang LH, Sun DW, Li J, Tang JH. miR-30a inhibits the
biological function of breast cancer cells by targeting Notch1. Int J Mol
Med. Available from. http://www.ncbi.nlm.nih.gov/pubmed/287659002017;
doi:10.3892/ijmm.2017.3084.
11. Zou Z, Ni M, Zhang J, et al. miR-30a can inhibit DNA replication by
targeting RPA1 thus slowing cancer cell proliferation. Biochem J. 2017;473:
2131–2139. Available from: http://www.ncbi.nlm.nih.gov/pubmed/27208176.
doi:10.1042/BCJ20160177.
12. Baraniskin A, Birkenkamp-Demtroder K, Maghnouj A, et al. MiR-30a-5p
suppresses tumor growth in colon carcinoma by targeting DTL.
Carcinogenesis. 2012;33:732–739. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/22287560. doi:10.1093/carcin/bgs020.
13. Zhang R, Yan S, Wang J, et al. MiR-30a regulates the proliferation, migration,
and invasion of human osteosarcoma by targeting Runx2. Tumour Biol.
2016;37:3479–3488. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
26449831. doi:10.1007/s13277-015-4086-7.
14. Li L, Kang L, Zhao W, et al. miR-30a-5p suppresses breast tumor growth and
metastasis through inhibition of LDHA-mediated Warburg effect. Cancer
Lett. 2017;400:89–98. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
28461244. doi:10.1016/j.canlet.2017.04.034.
15. He R, Yang L, Lin X, et al. MiR-30a-5p suppresses cell growth and enhances
apoptosis of hepatocellular carcinoma cells via targeting AEG-1. Int J Clin
Exp Pathol. 2015;8:15632–41. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/26884832

Zhong et al. BMC Medical Genomics (2017) 10:64

Page 8 of 8

16. Zhang XS, Hu YH, Gao HY, Lan XW, Xue YW. Downregulation of Notch1
inhibits the invasion and metastasis of human gastric cancer cells
SGC7901 and MKN74 in vitro through PTEN activation and
dephosphorylation of Akt and FAK. Mol Med Rep. 2017;16:2318–2324.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/28627671.
doi:10.3892/mmr.2017.6791.
17. Du G, Cao D, Meng L. miR-21 inhibitor suppresses cell proliferation and
colony formation through regulating the PTEN/AKT pathway and improves
paclitaxel sensitivity in cervical cancer cells. Mol Med Rep. 2017;15:2713–2719.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/28447761.
doi:10.3892/mmr.2017.6340.
18. Cen M, Hu P, Cai Z, Fang T, Zhang J, Lu M. TIEG1 deficiency confers enhanced
myocardial protection in the infarcted heart by mediating the Pten/Akt
signalling pathway. Int J Mol Med. 2017;39:569–578. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/28204828. doi:10.3892/ijmm.2017.2889.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

