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MiR-200c regulates tumor growth 
and chemosensitivity to cisplatin in 
osteosarcoma by targeting AKT2
Yang Liu, Shu-Tao Zhu, Xiao Wang, Jun Deng, Wei-Hua Li, Peng Zhang & Bing-Shan Liu

MicroRNAs (miRNAs) expression aberration has been discovered in almost all human cancers, thus 
offering a group of potential diagnostic markers, prognostic factors and therapeutic targets in 
tumorigenesis. Now our data showed that miR-200c, which is downregulated in osteosarcoma tissues, 
drives chemosensitivity to cisplatin in osteosarcoma. We demonstrated that AKT2 is a direct target of 
miR-200c, Spearman’s rank correlation analysis showed that the expression levels of AKT2 and miR-
200c in 35 pairs of osteosarcoma specimens were inversely correlated. Moreover, miR-200c inhibited 
cell proliferation and cell migration. Taken together, for the first time, our results demonstrate that miR-
200c plays a significant role in osteosarcoma tumor growth and chemosensitivity by regulating AKT2, 
which may provide a novel therapeutic strategy for treatment of osteosarcoma.

Osteosarcoma is a highly malignant bone cancer associated with locally aggressive growth and early metastatic 
potential. The origin and etiology of osteosarcoma is further complicated by its extreme rearranged genome, 
lack of precursor lesions, and high genetic instability. Intensive chemotherapy combined with aggressive surgical 
techniques have improved survival; however, patients with metastatic disease or with recurrent disease at time of 
diagnosis have an extremely poor prognosis, with only 20% surviving at 5 years1–3. Thus, it is essential to develop-
ing novel and effective diagnostic and therapeutic strategies for osteosarcoma.

MicroRNAs are small noncoding regulatory RNA molecules, with profound impact on a wide array of bio-
logical processes. MicroRNAs have been recently implicated in the regulation of tumorigenesis, differentiation, 
proliferation, and survival through the inhibition of major cellular pathways4–9. Among them, miR-200c has 
been demonstrated to function as a tumor suppressor, and loss of miR-200c expression has been reported in 
many cancer types, restoration of miR-200c expression has been shown to abrogate tumorigenesis10–14. To date, 
some genes have been identified as miR-200c target genes, including K-RAS, CDK2, ZEB2, Snail1, USP25, 
HMGB115–20, which are involved in pathogenesis of cancers. A number of reports have investigated the role of 
miRNAs in osteosarcoma. However, the molecular mechanism of miR-200c repression in osteosarcoma has 
not been determined.

AKT is a serine/threonine kinase that plays a central role in tumorigenesis. Among the members of AKT 
family, AKT2, a pro-survival protein, is activated by the phosphatidylinositol 3′ kinase (PI3K) pathway. The acti-
vation of the PI3K/AKT pathway is associated with aggressive phenotypes and poor outcomes in human can-
cers21. Activation of the AKT pathway is frequently observed in cancer. Overexpression of AKT2 was frequently 
discovered in breast cancer and HCC22,23. Recent study reported that AKT2 was activated in prostate cancer cells 
in response to oxidative stress, resulting in enhanced cell migration and survival24. AKT2 has also been shown as 
an independent prognostic marker for the development and progression of HCC22. Recent studies indicated that 
AKT2 could be regulated by miRNAs. MiR-708 targeted AKT2 to inhibit tumor growth of prostate cancer, and 
miR-203 targeted AKT2 to sensitize colon cancer cells to chemotherapy25,26. Thus, AKT2 silencing has become 
an efficient therapeutic strategy in osteosarcoma, but it is still far from optimal and novel therapeutic strategies 
are needed urgently.

In the present study, we demonstrated that miR-200c was downregulated in human osteosarcoma. Then, 
we will ask several important questions in this study: (1) what are the roles of miR-200c in osteosarcoma; (2) 
what is the potential direct target of miR-200c that may be associated with cancer development; and (3) whether 
miR-200c overexpression inhibits cell proliferation and migration; (4) What role of miR-200c and underlying 
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mechanisms in osteosarcoma resistance to cisplatin treatment. The answers of these questions would provide new 
insights into the molecular mechanism of osteosarcoma development as well as provide new therapeutic strategy 
for osteosarcoma treatment in the future.

Results
MiR-200c expression is down-regulated in human osteosarcoma tissues and cell lines.  To 
investigate the role of miR-200c in osteosarcoma, we evaluated the expression levels of miR-200c in 35 pairs 
of normal tissues and osteosarcoma tissues by qRT-PCR (Fig. 1a). The results showed that the expression of 
miR-200c was consistently lower in the osteosarcoma tissues. In addition, expression of miR-200c in four oste-
osarcoma cell lines, HOS, Saos-2, MG-63 and U-2OS, was significantly decreased compared with the normal 
osteoblast cells NHOst (Fig. 1b). Our results firstly indicated that miR-200c was downregulated in osteosarcoma 
tissues and cell lines.

MiR-200c inhibits the activity of cell proliferation and cell migration.  To examine the role of 
miR-200c during carcinogenesis of human osteosarcoma, MG-63 and U-2OS cells were infected with lentivi-
rus expressing miR-200c or miR-NC(negative control). After selection by puromycin, stable cell lines termed as 
MG-63/miR-NC, MG-63/miR-200c, U-2OS/miR-NC and U-2OS/miR-200c were established. RT-PCR analysis 
demonstrated miR-200c was highly expressed in MG-63/miR-200c and U-2OS/miR-200c cells, confirming that 
stable cell line over-expressing miR-200c was successfully established (Fig. 2a).

To further study the role of miRNA-200c in regulating cell proliferation and cell migration, we found that cell 
growth and migration were attenuated in miR-200c cells compared with miR-NC cells (Fig. 2b and c). Thus, our 
results show that miR-200c is responsible for suppressing cell proliferation and cell migration, thus functioning 
as a tumor suppressor in osteosarcoma cells.

AKT2 is a direct target of miR-200c, osteosarcoma tissues exihibits higher levels of AKT2 which 
are inversely correlated with miR-200c expression.  To fully understand the mechanisms of miR-
200c in osteosarcoma, TargetScan search program was used to predict targets of miR-200c, which AKT2 has 
been thought to be putative target of miR-200c (Fig. 3a). MG-63 cells were cotransfected with the wild (WT) 
or mutated (Mut) AKT2 luciferase reporter vector together with miR-200c or miR-NC for 24 h, and luciferase 
activities in those cells were measured. As shown in Fig. 3b, luciferase activities were significantly reduced in 
those cells transfected with the wild sequence and miR-200c, but not in the cells with the mutant sequence and 
miR-200c. Then, western blotting analysis was conducted to measure the levels of AKT2 protein, we found that 
the expression of AKT2 protein was downregulated in miR-200c treated cells. (Fig. 3c). These results suggest that 
miR-200c directly targets AKT2 by binding its seed region to its 3′-UTRs in osteosarcoma cells. Furthermore, 
we measured the mRNA levels of AKT2 in osteosarcoma specimens and normal tissues. The results showed that 
the average expression levels of AKT2 were significantly higher in tumor tissues than those in the normal tissues 
(Fig. 3d). Then, we determine the correlation between AKT2 levels and miR-200c expression levels in the same 
osteosarcoma tissues. As shown in Fig. 3e, Spearman’s rank correlation analysis showed that the expression levels 
of AKT2 and miR-200c in 35 pairs of osteosarcoma specimens were inversely correlated (Spearman’s correlation 
r = −0.6686).

Overexpression of miR-200c increases chemosensitivity of osteosarcoma cells to cisplatin by 
inhibiting its target AKT2.  Resistance to cisplatin treatment is one of the major causes for the failure of 
chemotherapy in treating osteosarcoma. Therefore, it is important to discover new strategies to increase the effec-
tiveness of cisplatin for therapeutic purposes. Our results showed that overexpression of miR-200c in MG-63 

Figure 1.  MiR-200c expression was downregulated in human osteosarcoma tissues and cells lines. (a) Relative 
miR-200c expression levels were analyzed by qRT-PCR in 35 pair of osteosarcoma(OS) tissues compared with 
adjacent non-cancerous tissues(NS). U6 RNA level was used as an internal control. (b) Relative miR-200c 
expression was analyzed in normal osteoblast cells (NHOst) and four osteosarcoma cell lines, HOS, Saos-2, 
MG-63 and U-2OS. Data represent mean ± SD of 3 replicates. * indicated significant difference at P < 0.05;  
** indicated significant difference at P < 0.01.
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cells significantly increased chemosensitivity to treatment of cisplatin (Fig. 4a). Furthermore, cell growth rate 
in the presence of cisplatin (5 μM) was assayed by CCK-8 proliferation assay at different time points, forced 
expression of AKT2 reversed miR-200c-induced osteosarcoma chemosentivity to cisplatin (Fig. 4b). To further 
study whether miR-200c and its target AKT2 play a role in cell apoptosis in the presence of cisplatin treatment, 
FACS analysis was performed to detect cell apoptosis rates. The combination of miR-200c and cisplatin treatment 
significantly induced cell apoptosis, whereas forced expression of AKT2 partially abolished the effect induced 
by miR-200c plus cisplatin treatment (Fig. 4c). Moreover, we found that compared with miR-200c or cisplatin 
treatment alone, the activities of caspase-3, a key executor of cell apoptosis, were significantly upregulated upon 
combination treatment of miR-200c and cisplatin, whereas forced expression of AKT2 attenuated the activation 
of caspase-3 during the treatment (Fig. 4d). These results indicated that miR-200c renders osteosarcoma cells 
more sensitive to cisplatin treatment, miR-200c and cisplatin combination induced apoptotic effect through tar-
geting AKT2 in osteosarcoma cells.

Figure 2.  miR-200c inhibits the activity of cell proliferation and cell migration. (a) Relative expression levels of 
miR-200c in MG-63/miR-NC, MG-63/miR-200c, U-2OS/miR-NC and U-2OS/miR-200c stable cell lines were 
confirmed by RT-qPCR. (b) Cells were plated 2000 cells per well in 96-well plates, and cell proliferation was 
determined using Cell Counting Kit-8 (CCK-8) to detect the absorbance at 450 nm every day. (c) Migration 
assay of stable cells were performed as previously described. Data represent mean ± SD from 3 replicates.  
* indicated significant difference at P < 0.05; ** indicated significant difference at P < 0.01.
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MiR-200c inhibits tumor growth in vivo.  In order to  test whether  miR-200c  attenuates  progres-
sion  of  osteosarcoma in vivo, we engineered MG-63 cells to stably express miR-NC or miR-200c, which were 
subsequently implanted into both posterior flanks of immunodeficient mice, and tumor sizes were measured 
after 2 weeks. From the 2nd to 4th week, miR-NC-injected group developed significantly larger tumors than miR-
200c group (Fig. 5a). MiR-200c stable-expressing cells generated xenografts that were statistically significantly 
smaller than control (Fig. 5b). Meanwhile, the final tumor weight of miR-NC group was much heavier than 

Figure 3.  AKT2 is a direct target of miR-200c, osteosarcoma tissues exihibits higher levels of AKT2 which are 
inversely correlated with miR-200c expression. (a) Sequence of the miR-200c-binding site within the human 
AKT2 3′-UTR and a schematic diagram of the reporter construct showing the entire AKT2 3′-UTR sequence 
and the mutated AKT2 3′-UTR sequence. The mutated nucleotides of the AKT2 3′-UTR are labeled in red.  
(b) Luciferase assay on MG-63 cells, which were co-transfected with miR-NC or miR-200c and a luciferase 
reporter containing the full length of AKT2 3′-UTR (WT) or a mutant (Mut) in which four nucleotides of the 
miR-200c-binding site were mutated. Luciferase activities were measured 24 hours post transfection. MiR-200c 
markedly suppressed luciferase activity in AKT2 3′-UTR (WT) reporter constructs. The data are means ± SEM. 
for separate transfections (n = 4). (c) The immunoblotting showed that expression levels of AKT2 were 
decreased in cells with miR-200c overexpression. (d) The expression of AKT2 in human normal tissues and 
osteosarcoma specimens was determined by RT-qPCR, and fold changes were obtained from the ratio of 
AKT2 to GAPDH levels. (e) Spearman’s correlation analysis was used to determine the correlation between the 
expression levels of AKT2 and miR-200c in human osteosarcoma specimens. Data represent mean ± SD of 3 
replicates. ** indicated significant difference at P < 0.01.
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miR-200c group (Fig. 5c). In agreement with in vitro studies, the levels of AKT2 from the tumor tissues of miR-
200c expressing group were lower than that of miR-NC group by immunoblotting assay and qRT-PCR (Fig. 5d). 
Taken together, these results suggest that miR-200c inhibits tumor growth through targeting AKT2 in vivo.

Discussion
MiRNAs are small non-coding RNAs that post-transcriptionally regulate gene expression. It has suggested that 
the expression of up to 30% of genes may be affected by miRNAs; thus miRNAs can potentially regulate thousands 
of genes27. MiRNAs act like master regulators of gene expression for many important biological pathways. which 
can act as oncogenes or tumour suppressors depending on their gene targets, and previous studies have shown 
that miRNA expression is often dysregulated in several cancers9. Recent studies have been reported that miR-
200c plays a potential role as a tumor suppressor in many kinds of cancers. However, there are no results referring 
to the role of miR-200c in osteosarcoma at present. In this study, we found that the expression of miR-200c is 
downregulated in osteosarcoma samples compared with normal tissues. Moreover, overexpression of miR-200c 
significantly inhibited osteosarcoma cell proliferation, migration, tumor growth and chemoresistance to cisplatin.

AKT2 play a pivotal role in the transduction of several growth or differentiation factor stimuli. It has been 
reported that the expression levels of AKT2 are related to the malignant degree of cancers, including osteo-
sarcoma, breast cancer, lung cancer and other cancers28–33. Recently, accumulating evidence has indicated that 
expression levels of the AKT2 family can be regulated by miRNAs. In our study, AKT2 oncogene has been exper-
imentally validated as the novel target of miR-200c. Firstly, luciferase reporter assay confirmed that miR-200c 
directly recognize the 3′-UTR of AKT2 transcripts. Secondly, AKT2 expression was significantly abolished in 
osteosarcoma cells which miR-200c stablely-expressed. Finally, osteosarcoma tissues exihibits higher levels of 
AKT2 which are inversely correlated with miR-200c expression. Taken together, the present study provides the 
first evidence that miR-200c is significant in suppressing osteosarcoma growth through inhibition of AKT2 
translation.

Despite having a better understanding of the molecular events that govern the osteosarcoma than ever before, 
it remains a clinical challenge in the treatment of osteosarcoma. Several studies have suggested that miRNAs are 
novel players in the development of chemoresistance. Recent study showed that miR-143 acts as a tumor sup-
pressor by targeting N-RAS and enhances temozolomide-induced apoptosis in glioma, while miR-124 governs 
glioma growth and angiogenesis and enhances chemosensitivity by targeting R-Ras and N-Ras34,35. MiR-200c has 

Figure 4.  Overexpression of miR-200c increases chemosensitivity of osteosarcoma cells to cisplatin by 
inhibiting its target AKT2. (a) MG-63 cells stably expressing miR-NC or miR-200c were pretreated with 
cisplatin for indicated concentrations, then subjected to CCK8 Assay. (b) MG-63 cells stably expressing 
miR-NC, miR-200c or miR-200c forced expression of AKT2 were pretreated with 5 μM of cisplatin for indicated 
time points, then subjected to CCK8 Assay, apoptosis analyse by flow cytometry (c) and Caspase3 Assay (d). 
Data represent mean ± SD of 3 replicates. * or # indicated P < 0.05. ** indicated P < 0.01. * indicates significant 
difference compared to control; # indicates significant difference compared to miR-200c forced expression of 
AKT2 treatment.
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been reported to inhibits autophagy and enhances radiosensitivity in breast cancer cells by targeting UBQLN1; 
meanwhile, miR-200c increases the radiosensitivity of non-small-cell lung cancer cell line A549 by targeting 
VEGF-VEGFR2 pathway36,37. In our study, we found that forced overexpression of miR-200c promoted the effects 
of cisplatin. Flow cytometer Assay demonstrated that the higher sensitiveness of MG-63 cells with miR-200c to 
cisplatin was induced by apoptosis. Thus, it is important that a miR-200c restoration approach may offer a new 
modulation strategy to overcome chemoresistance to cisplatin in osteosarcoma.

In summary, we have identified a link between miR-200c and AKT2 that is a novel constituent of osteosar-
coma tumorigenesis. MiR-200c regulate cell proliferation, cell migration and chemosensitivity to cisplatin in 
osteosarcoma by targeting AKT2. Now despite having a better understanding of the molecular events that govern 
the osteosarcoma than ever before, it remains a clinical challenge in the treatment of osteosarcoma. Identification 
of new biomarkers that play a central role in the progression of osteosarcoma will benefit diagnosis and targeting 
therapy of cancer.

Materials and Methods
Human tissue samples.  Human osteosarcoma tumor samples were obtained from 35 patients from the 
Department of orthopedics, Huaihe Hospital of Henan University. The identities of all tumor, normal muscle and 
bone samples were confirmed by an experienced pathologist. This study was approved by the Research Ethics 
Committee of Huaihe Hospital of Henan University. Informed consents were obtained from all subjects partic-
ipating in the study. Tissue samples were collected at surgery, immediately frozen in liquid nitrogen and stored 
until total RNAs or proteins were extracted.

Cell culture and reagents.  Human osteosarcoma cell lines HOS, U-2OS, Saos-2, MG-63 and normal oste-
oblast cell NHOst were purchased from the Type Culture Collection of the Chinese Academy of Sciences. Cells 
were cultured in Dulbecco’s modified Eagle medium (DMEM) supplemented with 10% fetal bovine serum (FBS) 
and antibiotics (100 units/ml penicillin and 100 mg/ml streptomycin). Cells were incubated at 37 °C in a humid-
ified atmosphere of 5% CO2 in air. Antibodies against AKT2 and GAPDH were from Bioworld Technology 
(Atlanta, Georgia 30305, USA).

Lentivirus packaging and stable cell lines.  The lentiviral packaging kit was purchased from Open 
Biosystems (Huntsville, AL, USA). Lentivirus carrying hsa-miR-200c or hsa-miR-negative control (miR-NC) was 
packaged following the manufacturer’s manual. Lentivirus were packaged in HEK-293T cells and collected from the 
medium supernatant. Stable cell lines were established by infecting lentivirus into cells and selected by puromycin.

Figure 5.  MiR-200c inhibits tumor growth in vivo. (a,b,c) Effect of miR-200c on the growth of MG-63 cells 
inoculated into nude mice. Male BALB/c nude mice were subcutaneously injected with 5 × 106 MG-63 cells infected 
with lentiviruses harboring miR-NC or miR-200c. Tumor volume and weight were monitored over time as indicated, 
and the tumor was excised and weighed after 28 days. MiR-200c overexpression causes a decrease in tumor volume 
and weight. Bar = 1mm. (d) The expression levels of AKT2 from the tumor tissues of miR-200c expressing group were 
lower than that of miR-NC group by immunoblotting assay and qRT-PCR. Data were presented by mean ± SD.  
* indicated significant difference at P < 0.05; ** indicated significant difference at P < 0.01.
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RNA extraction, reverse transcription PCR and quantitative real time-PCR.  RNA was isolated 
from harvested cells or human tissues with Trizol reagent according to the manufacturer’s instruction (Invitrogen, 
CA, USA). To measure expression levels of miR-200c, stem-loop specific primer method was used. Expression of 
U6 was used as an endogenous control. To determine the mRNA levels of AKT2, total RNAs were reversely tran-
scribed by using the RT Reagent Kit (Vazyme, Nanjing, China). Housekeeping gene GAPDH was used as internal 
control. The cDNAs were amplified by qRT-PCR using SYBR Green Master Mix (Vazyme, Nanjing, China) on a 
7900HT system, and fold changes were calculated by relative quantification (2−△△Ct).

Cell proliferation assay.  Cells (3,000 cells per well) were seeded onto 96-well plates and incubated in correspond-
ing medium supplemented with 10% FBS. After indicated time incubation, we added CCK-8 into each well, followed 
by 1–2 hour incubation. Absorbance value at 450 nm was then measured. Experiments were carried out in triplicate.

Migration assay.  Migration assay was determined using 24-well BD Migration chambers (BD Biosciences, 
Cowley, UK) in accordance with the manufacturer’s instructions. Cells were seeded at 5 × 104 cells/well in the 
upper well of the migration chamber in DMEM without serum, the lower chamber well contained DMEM sup-
plemented with 10% FBS which aim to stimulate cell migration. After incubation for 16–20 h, noninvading cells 
were removed from the top well with a cotton swab while the bottom cells were fixed with 3% paraformaldehyde, 
stained with 0.1% crystal violet, and extracted with 33% acetic acid. Then cells were detected quantitatively using 
a standard microplate reader (OD at 570 nm). Three independent experiments were conducted in triplicate.

Immunoblotting.  Cells were washed with ice-cold PBS buffer, scraped from the dishes, and centrifuged at 
12,000 rpm, 4 °C for 15 min. Cell lysates were prepared using RIPA buffer supplemented with protease inhibitors 
(100 mM Tris, pH 7.4, 150 mM NaCl, 5 mM EDTA, 1% Triton X-100, 1% deoxycholate acid, 0.1% SDS, 2 mM phen-
ylmethylsulfonyl fluoride, 1 mM sodium orthovanadate, 2 mM DTT, 2 mM leupeptin, 2 mM pepstatin). The superna-
tants were collected and protein concentration was determined using BCA assay (Beyotime Institute of Biotechnology, 
Jiangsu, China). Tumor tissues were grinded into powder in liquid nitrogen with RIPA buffer, and the total tissue 
proteins were extracted as described above. Aliquots of protein lysates were fractionated by SDS-PAGE, transferred to 
a PVDF membrane (Roche, Switzerland), and subjected to immunoblotting analysis according to the manufacturer’s 
instruction. ECL Detection System (Thermo Scientific, Rockford, IL, USA) was used for signal detection.

Luciferase reporter assay.  The 3′-UTRs of AKT2 were synthesized and annealed, then inserted into the 
SacI and HindIII sites of pMIR-reporter luciferase vector (Ambion) at downstream of the stop codon of the gene 
for luciferase. For its mutagenesis, the sequences complementary to the binding site of miR-200c in the 3′-UTR 
(AKT2: CAGUAUU) was replaced by CTCUTAU. These constructs were validated by sequencing. MG-63 cells 
were seeded into a 24-well plate for luciferase assay. After cultured overnight, cells were cotransfected with the 
wild-type or mutated plasmid, pRL-TK plasmid, and equal amounts of miR-200c or miR-NC. Luciferase assays 
were performed 24 h after transfection using the Dual Luciferase Reporter Assay System (Promega, WI, USA). 
Experiments were performed in three independent replicates.

In Vitro Chemosensitivity array.  Cells were seeded at a density of 4,000 cells per well in a 96-well plate 
overnight. Freshly prepared cisplatin (Sigma-Aldrich, St. Louis, MO, USA) was added with the final concentra-
tion ranging from 1.25 to 80 μM. 48 h later, cell viability was assayed by CCK8 kit.

Apoptosis Assay.  Apoptosis were measured by flow cytometry. For AnnexinV staining, 5 μL 
phycoerythrin-Annexin V, 5 μL propidium iodide (BD Pharmingen) and 400 μL 1 × binding buffer were added to 
the samples, which were incubated for 15 min at room temperature in the dark. Then the samples were analyzed 
by flow cytometry (FACS Canto II, BD Biosciences) within 1 h. The data were analyzed using FlowJo software. 
Three experiments were performed in triplicate.

Caspase-3 Activity Assay.  The activity of caspase-3 was determined using the Beyotime caspase-3 
activity kit. Cell lysates were prepared and incubated with reaction buffer containing caspase-3 substrate 
(Ac-DEVD-pNA) after the treatment as indicated. Caspase-3 activity assay were performed on 96-well plates 
by incubating 10 μL protein of cell lysate per sample in 80 μL reaction buffer containing 10 μL caspase-3 sub-
strate(Ac-DEVD-pNA; 2 mM) at 37 °C for 2 h according to the manufacturer’s protocol. The reaction was then 
measured at 405 nm for absorbance.

Tumorigenesis in nude mice.  Male BALB/c nude mice (6-weeks-old) were purchased from Shanghai 
Laboratory Animal Center (Chinese Academy of Sciences, Shanghai, China) and maintained in special 
pathogen-free (SPF) condition for one week. Animal handling and experimental procedures were in accordance 
with the Guide for the Care and Use of Laboratory Animals. MG-63 cells stably expressing miR-200c or miR-NC 
were injected subcutaneously into both flanks of nude mice (5 × 106 cells in 100 μl). Tumor sizes were measured 
using vernier caliper every two days when the tumors were apparently seen and tumor volume was calculated 
according to the formula: volume = 0.5 × Length × Width2. 24 days after implantation, mice were sacrificed and 
tumors were dissected. Total proteins and RNAs were extracted for immunoblotting and qRT-PCR.

Ethics statement.  All animal experiments were approved by the Committee of Laboratory Animal 
Experimentation of Henan University. All methods were performed in accordance with the relevant guidelines 
and regulations. The mice used in this study were housed in a controlled specific pathogen-free (SPF) environ-
ment and cared according to the approved protocol.



www.nature.com/scientificreports/

8Scientific Reports | 7: 13598  | DOI:10.1038/s41598-017-14088-3

Statistical analysis.  All experiments were performed three times and data were analyzed with GraphPad 
Prism 5(La Jolla, CA, USA). The correlation between miR-200c expression and AKT2 levels in osteosarcoma 
tissues were analyzed using Spearman’s rank test. Statistical evaluation for data analysis was determined by t-test. 
The differences were considered to be statistically significant at P < 0.05.

References
	 1.	 Wu, P. K. et al. Primary osteogenic sarcoma with pulmonary metastasis: clinical results and prognostic factors in 91 patients. 

Japanese journal of clinical oncology 39, 514–522, https://doi.org/10.1093/jjco/hyp057 (2009).
	 2.	 Petrilli, A. S. et al. Results of the Brazilian Osteosarcoma Treatment Group Studies III and IV: prognostic factors and impact on 

survival. Journal of clinical oncology: official journal of the American Society of Clinical Oncology 24, 1161–1168, https://doi.
org/10.1200/JCO.2005.03.5352 (2006).

	 3.	 Yang, J. & Zhang, W. New molecular insights into osteosarcoma targeted therapy. Current opinion in oncology 25, 398–406, https://
doi.org/10.1097/CCO.0b013e3283622c1b (2013).

	 4.	 Denli, A. M., Tops, B. B., Plasterk, R. H., Ketting, R. F. & Hannon, G. J. Processing of primary microRNAs by the Microprocessor 
complex. Nature 432, 231–235, https://doi.org/10.1038/nature03049 (2004).

	 5.	 Bartel, D. P. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell 116, 281–297 (2004).
	 6.	 Esquela-Kerscher, A. & Slack, F. J. Oncomirs - microRNAs with a role in cancer. Nature reviews. Cancer 6, 259–269, https://doi.

org/10.1038/nrc1840 (2006).
	 7.	 Shukla, G. C., Singh, J. & Barik, S. MicroRNAs: Processing, Maturation, Target Recognition and Regulatory Functions. Molecular 

and cellular pharmacology 3, 83–92 (2011).
	 8.	 Bartel, D. P. MicroRNAs: target recognition and regulatory functions. Cell 136, 215–233, https://doi.org/10.1016/j.cell.2009.01.002 

(2009).
	 9.	 Calin, G. A. & Croce, C. M. MicroRNA signatures in human cancers. Nature reviews. Cancer 6, 857–866, https://doi.org/10.1038/

nrc1997 (2006).
	10.	 Bai, W. D. et al. MiR-200c suppresses TGF-beta signaling and counteracts trastuzumab resistance and metastasis by targeting 

ZNF217 and ZEB1 in breast cancer. International journal of cancer 135, 1356–1368, https://doi.org/10.1002/ijc.28782 (2014).
	11.	 Chen, D. et al. MicroRNA-200c overexpression inhibits tumorigenicity and metastasis of CD117+ CD44+ ovarian cancer stem 

cells by regulating epithelial-mesenchymal transition. Journal of ovarian research 6, 50, https://doi.org/10.1186/1757-2215-6-50 
(2013).

	12.	 Chen, J., Wang, W., Zhang, Y., Hu, T. & Chen, Y. The roles of miR-200c in colon cancer and associated molecular mechanisms. 
Tumour biology: the journal of the International Society for Oncodevelopmental Biology and Medicine 35, 6475–6483, https://doi.
org/10.1007/s13277-014-1860-x (2014).

	13.	 Liu, L. et al. miR-200c inhibits invasion, migration and proliferation of bladder cancer cells through down-regulation of BMI-1 and 
E2F3. Journal of translational medicine 12, 305, https://doi.org/10.1186/s12967-014-0305-z (2014).

	14.	 Tang, H. et al. miR-200b and miR-200c as prognostic factors and mediators of gastric cancer cell progression. Clinical cancer 
research: an official journal of the American Association for Cancer Research 19, 5602–5612, https://doi.org/10.1158/1078-0432.CCR-
13-1326 (2013).

	15.	 Chang, B. P. et al. miR-200c inhibits metastasis of breast cancer cells by targeting HMGB1. Journal of Huazhong University of Science 
and Technology. Medical sciences = Hua zhong ke ji da xue xue bao. Yi xue Ying De wen ban = Huazhong keji daxue xuebao. Yixue 
Yingdewen ban 34, 201–206, https://doi.org/10.1007/s11596-014-1259-3 (2014).

	16.	 Jiao, A. et al. MicroRNA-200c inhibits the metastasis of non-small cell lung cancer cells by targeting ZEB2, an epithelial-
mesenchymal transition regulator. Molecular medicine reports 13, 3349–3355, https://doi.org/10.3892/mmr.2016.4901 (2016).

	17.	 Li, J. et al. miRNA-200c inhibits invasion and metastasis of human non-small cell lung cancer by directly targeting ubiquitin specific 
peptidase 25. Molecular cancer 13, 166, https://doi.org/10.1186/1476-4598-13-166 (2014).

	18.	 Perdigao-Henriques, R. et al. miR-200 promotes the mesenchymal to epithelial transition by suppressing multiple members of the 
Zeb2 and Snail1 transcriptional repressor complexes. Oncogene 35, 158–172, https://doi.org/10.1038/onc.2015.69 (2016).

	19.	 Song, C. et al. miR-200c inhibits breast cancer proliferation by targeting KRAS. Oncotarget 6, 34968–34978, https://doi.
org/10.18632/oncotarget.5198 (2015).

	20.	 Wang, X. et al. miR-200c Targets CDK2 and Suppresses Tumorigenesis in Renal Cell Carcinoma. Molecular cancer research: MCR 
13, 1567–1577, https://doi.org/10.1158/1541-7786.MCR-15-0128 (2015).

	21.	 Manning, B. D. & Cantley, L. C. AKT/PKB signaling: navigating downstream. Cell 129, 1261–1274, https://doi.org/10.1016/j.
cell.2007.06.009 (2007).

	22.	 Xu, X. et al. Akt2 expression correlates with prognosis of human hepatocellular carcinoma. Oncology reports 11, 25–32 (2004).
	23.	 Arboleda, M. J. et al. Overexpression of AKT2/protein kinase Bbeta leads to up-regulation of beta1 integrins, increased invasion, and 

metastasis of human breast and ovarian cancer cells. Cancer research 63, 196–206 (2003).
	24.	 Moro, L. et al. Mitochondrial DNA depletion in prostate epithelial cells promotes anoikis resistance and invasion through activation 

of PI3K/Akt2. Cell death and differentiation 16, 571–583, https://doi.org/10.1038/cdd.2008.178 (2009).
	25.	 Saini, S. et al. miRNA-708 control of CD44(+) prostate cancer-initiating cells. Cancer research 72, 3618–3630, https://doi.

org/10.1158/0008-5472.CAN-12-0540 (2012).
	26.	 Li, J., Chen, Y., Zhao, J., Kong, F. & Zhang, Y. miR-203 reverses chemoresistance in p53-mutated colon cancer cells through 

downregulation of Akt2 expression. Cancer letters 304, 52–59, https://doi.org/10.1016/j.canlet.2011.02.003 (2011).
	27.	 Lewis, B. P., Burge, C. B. & Bartel, D. P. Conserved seed pairing, often flanked by adenosines, indicates that thousands of human 

genes are microRNA targets. Cell 120, 15–20, https://doi.org/10.1016/j.cell.2004.12.035 (2005).
	28.	 Attoub, S., Arafat, K., Hammadi, N. K., Mester, J. & Gaben, A. M. Akt2 knock-down reveals its contribution to human lung cancer 

cell proliferation, growth, motility, invasion and endothelial cell tube formation. Scientific reports 5, 12759, https://doi.org/10.1038/
srep12759 (2015).

	29.	 Bai, Y., Li, J., Li, J., Liu, Y. & Zhang, B. MiR-615 inhibited cell proliferation and cell cycle of human breast cancer cells by suppressing 
of AKT2 expression. International journal of clinical and experimental medicine 8, 3801–3808 (2015).

	30.	 Franks, S. E., Briah, R., Jones, R. A. & Moorehead, R. A. Unique roles of Akt1 and Akt2 in IGF-IR mediated lung tumorigenesis. 
Oncotarget 7, 3297–3316, https://doi.org/10.18632/oncotarget.6489 (2016).

	31.	 Pereira, L., Horta, S., Mateus, R. & Videira, M. A. Implications of Akt2/Twist crosstalk on breast cancer metastatic outcome. Drug 
discovery today 20, 1152–1158, https://doi.org/10.1016/j.drudis.2015.06.010 (2015).

	32.	 Zhang, G., Li, M., Zhu, X., Bai, Y. & Yang, C. Knockdown of Akt sensitizes osteosarcoma cells to apoptosis induced by cisplatin 
treatment. International journal of molecular sciences 12, 2994–3005, https://doi.org/10.3390/ijms12052994 (2011).

	33.	 Zhu, Y., Zhou, J., Ji, Y. & Yu, B. Elevated expression of AKT2 correlates with disease severity and poor prognosis in human 
osteosarcoma. Molecular medicine reports 10, 737–742, https://doi.org/10.3892/mmr.2014.2314 (2014).

	34.	 Wang, L. et al. MiR-143 acts as a tumor suppressor by targeting N-RAS and enhances temozolomide-induced apoptosis in glioma. 
Oncotarget 5, 5416–5427, https://doi.org/10.18632/oncotarget.2116 (2014).

http://dx.doi.org/10.1093/jjco/hyp057
http://dx.doi.org/10.1200/JCO.2005.03.5352
http://dx.doi.org/10.1200/JCO.2005.03.5352
http://dx.doi.org/10.1097/CCO.0b013e3283622c1b
http://dx.doi.org/10.1097/CCO.0b013e3283622c1b
http://dx.doi.org/10.1038/nature03049
http://dx.doi.org/10.1038/nrc1840
http://dx.doi.org/10.1038/nrc1840
http://dx.doi.org/10.1016/j.cell.2009.01.002
http://dx.doi.org/10.1038/nrc1997
http://dx.doi.org/10.1038/nrc1997
http://dx.doi.org/10.1002/ijc.28782
http://dx.doi.org/10.1186/1757-2215-6-50
http://dx.doi.org/10.1007/s13277-014-1860-x
http://dx.doi.org/10.1007/s13277-014-1860-x
http://dx.doi.org/10.1186/s12967-014-0305-z
http://dx.doi.org/10.1158/1078-0432.CCR-13-1326
http://dx.doi.org/10.1158/1078-0432.CCR-13-1326
http://dx.doi.org/10.1007/s11596-014-1259-3
http://dx.doi.org/10.3892/mmr.2016.4901
http://dx.doi.org/10.1186/1476-4598-13-166
http://dx.doi.org/10.1038/onc.2015.69
http://dx.doi.org/10.18632/oncotarget.5198
http://dx.doi.org/10.18632/oncotarget.5198
http://dx.doi.org/10.1158/1541-7786.MCR-15-0128
http://dx.doi.org/10.1016/j.cell.2007.06.009
http://dx.doi.org/10.1016/j.cell.2007.06.009
http://dx.doi.org/10.1038/cdd.2008.178
http://dx.doi.org/10.1158/0008-5472.CAN-12-0540
http://dx.doi.org/10.1158/0008-5472.CAN-12-0540
http://dx.doi.org/10.1016/j.canlet.2011.02.003
http://dx.doi.org/10.1016/j.cell.2004.12.035
http://dx.doi.org/10.1038/srep12759
http://dx.doi.org/10.1038/srep12759
http://dx.doi.org/10.18632/oncotarget.6489
http://dx.doi.org/10.1016/j.drudis.2015.06.010
http://dx.doi.org/10.3390/ijms12052994
http://dx.doi.org/10.3892/mmr.2014.2314
http://dx.doi.org/10.18632/oncotarget.2116


www.nature.com/scientificreports/

9Scientific Reports | 7: 13598  | DOI:10.1038/s41598-017-14088-3

	35.	 Shi, Z. et al. MiR-124 governs glioma growth and angiogenesis and enhances chemosensitivity by targeting R-Ras and N-Ras. Neuro-
oncology 16, 1341–1353, https://doi.org/10.1093/neuonc/nou084 (2014).

	36.	 Sun, Q. et al. MiR-200c inhibits autophagy and enhances radiosensitivity in breast cancer cells by targeting UBQLN1. International 
journal of cancer 136, 1003–1012, https://doi.org/10.1002/ijc.29065 (2015).

	37.	 Shi, L. et al. MiR-200c increases the radiosensitivity of non-small-cell lung cancer cell line A549 by targeting VEGF-VEGFR2 
pathway. PloS one 8, e78344, https://doi.org/10.1371/journal.pone.0078344 (2013).

Author Contributions
Y.L. and S.T.Z. designed and performed experiments, analyzed data and wrote the manuscript; Y.L., S.T.Z. and 
X.W. performed qRT-PCR assay; J.D. and W.H.L. acquired data, reporter assay and immunoblotting analysis; 
S.T.Z., X.W., P.Z. and B.S.L. analyzed chemosensitivity array and animal analysis; Y.L. designed and supervised 
the project.

Additional Information
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.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://dx.doi.org/10.1093/neuonc/nou084
http://dx.doi.org/10.1002/ijc.29065
http://dx.doi.org/10.1371/journal.pone.0078344
http://creativecommons.org/licenses/by/4.0/

	MiR-200c regulates tumor growth and chemosensitivity to cisplatin in osteosarcoma by targeting AKT2

	Results

	MiR-200c expression is down-regulated in human osteosarcoma tissues and cell lines. 
	MiR-200c inhibits the activity of cell proliferation and cell migration. 
	AKT2 is a direct target of miR-200c, osteosarcoma tissues exihibits higher levels of AKT2 which are inversely correlated wi ...
	Overexpression of miR-200c increases chemosensitivity of osteosarcoma cells to cisplatin by inhibiting its target AKT2. 
	MiR-200c inhibits tumor growth in vivo. 

	Discussion

	Materials and Methods

	Human tissue samples. 
	Cell culture and reagents. 
	Lentivirus packaging and stable cell lines. 
	RNA extraction, reverse transcription PCR and quantitative real time-PCR. 
	Cell proliferation assay. 
	Migration assay. 
	Immunoblotting. 
	Luciferase reporter assay. 
	In Vitro Chemosensitivity array. 
	Apoptosis Assay. 
	Caspase-3 Activity Assay. 
	Tumorigenesis in nude mice. 
	Ethics statement. 
	Statistical analysis. 

	Figure 1 MiR-200c expression was downregulated in human osteosarcoma tissues and cells lines.
	Figure 2 miR-200c inhibits the activity of cell proliferation and cell migration.
	Figure 3 AKT2 is a direct target of miR-200c, osteosarcoma tissues exihibits higher levels of AKT2 which are inversely correlated with miR-200c expression.
	Figure 4 Overexpression of miR-200c increases chemosensitivity of osteosarcoma cells to cisplatin by inhibiting its target AKT2.
	Figure 5 MiR-200c inhibits tumor growth in vivo.




