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Abstract 

Elevated expression of survivin is observed in a number of cancer types, including human 
osteosarcoma. Few studies have demonstrated that survivin expression levels can be considered 
an independent predictor of survival for human osteosarcoma patients. However, the underlying 
molecular mechanisms of survivin in the process of human osteosarcoma carcinogenesis remain 
unclear. In the current study, we evaluated the biological effects of survivin knockdown on 
osteosarcoma cell proliferation, colony formation rate, and sensitivity to the chemotherapeutic 
agent cisplatin. We found that two different osteosarcoma cell lines, U2OS and Saos-2, have 
relatively higher expression levels of survivin, and specific knockdown of survivin resulted in a 
number of effects, such as inhibition of cell proliferation, decreased colony formation rate, cell 
cycle arrest at G2/M phase, induction of apoptosis, and increased sensitivity to cisplatin. In 
addition, we identified two microRNAs, miR-34a and miR-203, that are aberrantly expressed in 
human osteosarcoma cells and specifically target survivin by inhibiting its expression, therefore 
repressing osteosarcoma cell maintenance and proliferation. 
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1. Introduction 
Osteosarcoma is the most common primary bone 

malignancy in children and young adults between the 
ages of 10 and 30 [1, 2]. In recent decades, numerous 
studies have indicated a number of factors, such as 
negative expression of the retinoblastoma gene (Rb) 
and the tumor suppressor p53, bone dysplasia, and 
inhibition of apoptosis, that are associated with a high 
risk of osteosarcoma development [2-8]. Apoptosis is 
a fundamental process that regulates development 
and cell differentiation [9, 10]. Dysregulation of 
apoptosis pathways can lead to a number of diseases, 
including cancer [9, 10]. In different organisms, two 

conserved apoptosis signaling pathways (intrinsic 
and extrinsic) have been identified to trigger the 
apoptotic process through the activation of caspases 
[9-11]. Caspases can be divided into two main classes: 
initiator and effector caspases [12]. Initiator caspases 
(caspase-2, -8, -9, and -10) have been suggested to 
process and activate pro-forms of effector caspases in 
response to different cell death signals [13]. Effector 
caspases (caspase-3, -6, and -7) play a role in cleaving 
protein substrates to trigger apoptosis [13]. The 
apoptosis process can be specifically inhibited by a 
class of proteins known as inhibitors of apoptosis 
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(IAP). The IAPs contain eight members, including 
Baculoviral IAP Repeat-containing Protein 1-8 
(BIRC1-8) in mammals [14-16]. Among these proteins, 
BIRC1, -2, -3, -4, -7, and -8 can directly bind to and 
inhibit the activation of caspase-3, -7, and -9; BIRC5 
and BIRC6 inhibit apoptosis through two different 
mechanisms: direct interaction with caspase-3 and -7, 
and regulation of cytokine levels [16, 17]. BIRC5 (also 
known as survivin) is the most important member 
because of its widely aberrant expression in most 
types of cancers according to the National Cancer 
Institute (NCI) cancer drug-screening program [18]. 
Functional analyses indicate that survivin is widely 
involved in many processes of tumorigenesis, 
including tumor cell proliferation, progression, 
angiogenesis, therapeutic resistance, and poor 
prognosis [19]. In addition, survivin is also reported to 
participate in a variety of signaling pathways, such as p53, 
transforming growth factor (TGF), Wnt, hypoxia, and Notch 
signaling pathways [15]. Interestingly, the promoter 
region of the gene encoding survivin contains two cell 
cycle repressor elements, the cell cycle-dependent 
element (CDE) and the cell cycle genes homology 
region (CHR), which control its transcription [20]. A 
variety of studies demonstrated that survivin 
expression is most abundant during G2/M phase, 
thereby participating in the regulation of mitosis by 
cooperating with a multi-protein complex known as 
chromosomal passenger complex (CPC) to ensure 
accurate segregation of sister chromatids [21-25]. 

In recent years, a great number of microRNAs 
(miRNAs), such as miR-16, miR-34a, miR-143, 
miR-150, miR-203, miR-218, miR-320a, miR-494, 
miR542-3p, and miR-708, have been identified to 
specifically target to the 3’-untranslated region (UTR) 
of survivin. These miRNAs can regulate survivin 
expression [14], significantly contributing to cancer 
progression and metastasis [15]. Survivin is highly 
expressed in osteosarcoma, but the molecular 
mechanisms involved in its upregulation are unclear. 
Therefore, we evaluated the effect of survivin 
downregulation in osteosarcoma cells and tried to 
identify critical factors regulating survivin expression. 
Our results indicated that two miRNAs, miR-34a and 
miR-203, control survivin expression to repress 
osteosarcoma cell proliferation, colony formation rate, 
and sensitivity to the chemotherapeutic agent 
cisplatin. 

2. Materials and Methods 
Cell culture  

The cell lines used in this study included 
hFOB1.19, U2OS, and Saos-2. Cells were obtained 
from the American Type Culture Collection (ATCC, 

USA) and maintained in DMEM/F-12 medium (1:1, 
v/v) (Invitrogen, USA) supplemented with 10% 
heat-inactivated fetal bovine serum (FBS) (Invitrogen, 
USA). All cell lines were cultured at 37°C in 
humidified atmosphere containing 95% air and 5% 
CO2 and split twice per week.  

Knockdown of survivin expression  
Specific knockdown of survivin expression in 

hFOB1.19, U2OS, and Saos-2 cells was carried out 
through a lentiviral system. Both the control vector 
(pLKO.1-ConshRNA) and human survivin shRNA 
vectors (pLKO.1-SurshRNA, TRCN0000073720S (S1) 
and TRCN0000073721 (S2)) were purchased from 
Sigma (USA). Briefly, the lentiviruses containing 
either control shRNA or survivin-specific shRNAs 
(survivin-S1 or survivin-S2) were transfected into 
hFOB1.19, U2OS, and Saos-2 cells following standard 
procedures. Transfected cells were selected by 
puromycin treatment (5 µg/mL) and subjected to the 
required experiments. 

Cell cycle analysis by flow cytometry 
Cell lines (1x106 cells) were grown in 100-mm 

culture dishes, harvested, and washed three times 
with ice-cold PBS, treated with trypsin, and fixed with 
nine volumes of 70% ethanol at 4°C for 24 hr. The cells 
were then stained for total DNA content with a 
solution containing 50 μg/mL propidium iodide (PI), 
50 μg/mL RNase, 0.1% Triton X-100, and 0.1 mM 
EDTA in PBS for 30 min at 37°C. Cell cycle 
distribution was analyzed by flow cytometry (BD 
Biosciences, USA). 

Flow cytometry analysis of apoptosis was 
performed using the Annexin V-PE detection kit (BD 
Biosciences, USA). First, cells were infected with 
lentiviruses containing either pLKO.1-ConshRNA or 
pLKO.1-SurshRNAs for 48 hr and then seeded in 
6-well plates and washed twice with ice-cold PBS. 
Cells were then resuspended in 150 μL of 1x binding 
buffer, followed by the addition of 8 μL of Annexin 
V-PE and 8 μL of 7-AAD. Cells were incubated for 15 
min at 23°C in the dark. A minimum of 104 stained 
cells were immediately subjected to flow cytometry. 

Western blot analysis 
Whole-cell protein extracts were isolated using a 

protein extraction buffer containing 150 mM NaCl, 10 
mM Tris (pH7.2), 5 mM ethylenediaminetetraacetic 
acid (EDTA), 0.1% Triton X-100, 5% glycerol, and 1% 
sodium dodecyl sulfate (SDS). Equal amounts of 
proteins were subjected to western blot (WB) analysis. 
The antibodies used for WB were anti-survivin 
(rabbit, Abcam, USA), anti-Bcl-2 (mouse, Abcam, 
USA), anti-Bcl-xL (rabbit, Abcam, USA), 
anti-caspase-3 (mouse, Abcam, USA), anti-caspase-8 
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(mouse, Cell Signaling Technology, USA), and 
anti-β-Actin (mouse, Sigma, USA). Signals from 
protein blots were recorded using ChemiDoc MP 
(Bio-Rad, USA). All experiments were replicated three 
times. 

Reverse transcription (RT)-PCR  
Total RNA was extracted using RNAzol reagent 

(Thermo Fisher Scientific, USA) and treated with 
RNase-free DNase I (TAKARA, Japan) to remove the 
genomic DNA. Equal amounts of RNA (1 µg) were 
used for reverse transcription with M-MLV reverse 
transcriptase (Promega, USA) according to the 
manufacturer’s instructions. The cDNAs were then 
used for PCR amplification. The primers used for 
testing the expression of different IAP members in 
human osteosarcoma cell lines are listed in Table 1. 

The PCR program was carried out as follows: 
95°C for 30 sec, followed by 40 cycles of 5 sec at 95°C, 
10 sec at 60°C, and 30 sec at 72°C. β-Actin served as 
internal control for data normalization. All treatments 
were performed in triplicate, and gene expression was 
assessed using the 2−ΔCt method. 

Analysis of miRNA expression  
Total RNA was extracted and purified using the 

miRNeasy Mini Kit (QIAGEN, USA) according to the 
manufacturer’s instructions. Briefly, TaqMan 
MicroRNA Reverse Transcription kit (Thermo Fisher 
Scientific, USA) was used to generate cDNAs using 
hairpin primers, which are specific to mature 
miRNAs. The expression levels of miR-16, miR-34a, 
miR-203, miR-218, and miR-320a were then measured 
by real-time PCR using TaqMan MicroRNA Assays 
(assay ID: 478727, 478048, 478758, 477977, and 478594, 
respectively, Thermo Fisher Scientific, USA) 
according to the manufacturer’s protocol. RNU6B was 
chosen as reference gene for miRNA expression. The 
RT-qPCR program was performed in a Bio-RAD 
CFX96 system (Bio-Rad, USA) as follows: 95°C for 2 
min; 40 cycles of 95°C for 10 sec, 56°C for 30 sec, 72°C 
for 30 sec; and then followed by 72°C for 10 min, 4°C 
for 5 min. The relative expression level of miRNA was 
calculated using the comparative 2−∆Ct. All reactions 

were run in triplicate and presented as the mean ± 
S.E.M. Student’s t-test was used to compare 
expression levels among different groups.  

Cell proliferation assay 
Cell proliferation was determined by 

IncuCyteTM system (Essen BioScience, USA) 
according to the manufacturer’s instructions. Briefly, 
after 48 hr of infection, 3000 cells/well were seeded on 
96-well plates and placed into the IncuCyteTM at 
37°C for 2-3 days. Cell proliferation was measured 
and analyzed using an IncuCyte phase-only 
processing module every 8 hr. Data represent the 
mean of three independent experiments.  

Colony formation assay 
Cell suspensions treated with trypsin from each 

group were diluted in DMEM supplemented with 
10% FBS and then seeded onto 6-well plates in 
complete culture medium containing 0.3% agar on top 
of a layer of 0.6% agar prepared in the same culture 
medium. The plates were incubated at 37°C with 5% 
CO2 until the cells had formed sufficiently large 
colonies (14 days in our assays). The colonies were 
fixed with 70% ethanol and stained with 0.5% crystal 
violet solution. Plates were photographed and the 
digital images were manually analyzed to determine 
the number of colonies. 

Statistical analysis 
All experiments were independently replicated 

at least three times. Data are presented as the mean ± 
SD. P-values<0.001 were considered statistically 
significant. 

3. Results 
Human osteosarcoma cells present elevated 
expression of survivin  

Previous studies showed elevated expression of 
survivin in osteosarcoma cells [15]. To further confirm 
this observation, we examined survivin protein and 
mRNA levels in two human osteosarcoma cell lines, 
U2OS and Saos-2. Western blot results revealed a 

significant increase in survivin 
protein levels in U2OS and Saos-2 
cells in comparison to the human 
osteoblast hFOB1.19 cell line 
(Figure 1A). At the same time, we 
also observed high levels of two 
well-characterized anti-apoptotic 
proteins (Bcl-2 and Bcl-xL) in U2OS 
and Saos-2 cells (Figure 1A). Then, 
we analyzed survivin mRNA levels 
in the osteosarcoma cells through 
RT-qPCR to explore whether the 

Table. 1 Primers used for RT-qPCR 

Gene Forward primer Reverse primer 
survivin 5’-TGGCAGCCCTTTCTCAAGGACC-3′ 5’-TCGATGGCACGGCGCACTTTCTCC-3’ 
NIAP 5’-CTGGTGCTGCCTGAGGTCTTTGGC-3′ 5’-TCTTTCTCTAGGAGCTGGTCACAG-3′ 
XAIP 5’-CAGCATCAACACTGGCACGAGCAG-3 5’-GTACTGACCATTCTGGATACCAGA-3′ 
ILP2 5’-TGGGACATGGATGTACTCCGTT-3′ 5’-CCAGAGCTCCCTCAAGTGAACG-3′ 
Bcl-2 5’--GGAGATAGTGATGAAGTACATCC-3′ 5’-GCACCGGGCTGAGCGCAGGCCC-3′; 
Bcl-xL 5’-CCGGGAGCTGGTGGTTGACTTT-3′ 5’-GTGGCTCCATTCACCGCGGGGC-3′ 
β-Actin 5’-AGAGCTACGAGCTGCCTGAC-3′ 5’-AGCACTGTGTTGGCGTACAG-3′ 
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high protein levels of survivin were due to a 
mechanism involving increased transcription. 
Similarly, U2OS and Saos-2 cells also expressed 
higher levels of survivin, Bcl-2, and Bcl-xL mRNAs 
than hFOB1.19 cells did but did not express higher 
levels of other IAP genes, including NIAP, XAIP, and 
ILP2 (Figures 1B-1G). These results suggest that the 
expression of survivin in osteosarcoma cells might be 
regulated at transcriptional level.  

Specific knockdown of survivin decreases cell 
survival rate and suppresses colony formation 
rate 

Infection of U2OS and Saos-2 cells with 
lentiviruses containing either non-targeted control 
shRNA or survivin-specific shRNAs indicated that 
human osteosarcoma cells in which survivin 
expression was inhibited grew slowly, implying that 
survivin expression may positively regulate 
osteosarcoma cell maintenance and proliferation. As 
shown in Figures 2A and 2B, dramatic 
downregulation of survivin protein and mRNA levels 
was detected in U2OS and Saos-2 cells after lentiviral 
infection when compared to the control. However, it 
appeared that specific knockdown of survivin did not 
alter the expression of Bcl-2 and Bcl-xL in both U2OS 
and Saos-2 cells. We measured the cell survival rate 
and found it to be significantly reduced in both U2OS 
and Saos-2 cells following specific knockdown of 
survivin in comparison to control cells (Figure 2C). 

Interestingly, the cell survival rate at 72 hr after 
lentiviral infection was lower than that at 48 hr, 
suggesting that osteosarcoma cells expressing less 
survivin may undergo cell death as a consequence of 
gene knockdown.  

In addition, we also examined colony formation 
rate in U2OS and Saos-2 cells infected with 
survivin-specific shRNAs. Downregulation of 
survivin significantly reduced the number of colonies 
formed in comparison to the control group (Figures 
3A and 3B). Quantification of the results is shown in 
Figure 3C. These data suggest that survivin 
expression is critical for human osteosarcoma cell 
proliferation. 

Specific knockdown of survivin arrests cell cycle 
at G2/M phase in human osteosarcoma cells  

Given that survivin is involved in cell cycle 
regulation, we performed flow cytometry analyses to 
examine whether downregulation of survivin 
inhibited cell cycle progression in osteosarcoma cells 
(Figures 4A-4F). As expected, in osteosarcoma cells 
expressing lower levels of survivin, upon shRNA 
transfection, the percentage of cells in G2/M phase 
increased dramatically (Figures 4B, 4C, 4E, and 4F). 
These data suggest that cell cycle G2/M arrest may 
contribute to survivin knockdown-induced growth 
inhibition in human osteosarcoma cells.  

 

 
Figure.1. Human osteosarcoma cell lines have elevated expression of survivin. (A) Western blot analyses with specific antibodies directed against survivin, Bcl-2, 
Bcl-xL, or β-Actin. (B-G) The mRNA levels of survivin, NIAP, XAIP, ILP2, Bcl-2, and Bcl-xL were determined by reverse transcription and RT-qPCR. Expression was normalized 
against β-Actin in each cell line, and the resulting ratios in hFOB1.19 cells were arbitrarily defined as 1-fold. Representative data from three independent experiments are shown. 
**P<0.001. 
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Figure 2. Downregulation of survivin expression by specific shRNAs significantly decreases cell proliferation. U2OS and Saos-2 cells were infected with 
lentiviruses containing either control shRNA (Con) or survivin-specific shRNAs (S1 and S2). After 48 hr of infection, cells were collected and subjected to western blot analyses 
with specific antibodies directed against survivin, Bcl-2, Bcl-xL, or β-actin (A). (B) Survivin mRNA levels were determined by RT-qPCR. Signals were normalized against β-Actin 
in each cell line, and the resulting ratios in control cells were arbitrarily defined as 1-fold. **P<0.001. (C) After 48 hr of lentiviral infection, cells were plated onto 96-well plates 
at a density of 5000 cell/well. Cell culture plates were then incubated in a cell culture incubator for 3 additional days. Cell growth curves were generated with the data obtained 
through a microplate reader at 490 nm every 8 hr. Representative data from three independent experiments are shown. 

 
Figure 3. Downregulation of survivin expression by specific shRNAs significantly decreases colony formation rate. U2OS (A) and Saos-2 (B) cells were infected 
with lentiviruses containing either control shRNA (Con) or survivin-specific shRNAs (S1 and S2). After 48 hr of infection, cells were plated in soft agar plates for 14 days and then 
stained with crystal violet staining solution. (C) The colony formation rate was calculated. Mean values from three independent experiments were analyzed. Data are shown as 
the mean ± SD of three independent experiments. **P<0.001. 
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Figure 4. Downregulation of survivin expression by specific shRNAs induces cell cycle arrest at G2/M phase in human osteosarcoma cells. U2OS (A-C) and 
Saos-2 (D-F) cells were infected with lentiviruses containing either control shRNA (Con) or survivin-specific shRNAs (S1 and S2). After 48 hr of infection, cells were collected 
and subjected to flow cytometry analysis of cell cycle distribution. Representative data from three independent experiments are shown. 

 

Specific knockdown of survivin induces 
apoptosis in human osteosarcoma cells  

To assess whether the decrease in the cell 
survival rate resulted from an induction of apoptosis 
in U2OS and Saos-2 cells, we performed 
multiparametric flow cytometry by staining the cells 
with Annexin V-PE and 7-AAD, which is a common 
method to determine apoptosis. As shown in Figures 
5A and 5B, in U2OS and Saos-2 cells infected with 
survivin-specific shRNAs (S1 and S2) the cell 
population in Q2 (early apoptosis) and Q3 (late 
apoptosis) dramatically increased, but not in cells 
infected with non-targeted control shRNA. Data 
quantification is shown in Figure 5C. In addition, we 
also examined the protein levels of caspase-3 and 
caspase-8. U2OS and Saos-2 cells infected with 
survivin-specific shRNAs showed enhanced cleavage 
of caspase-8 and caspase-3 (Figure 5D), suggesting 
that apoptosis in these cells might be 
caspase-dependent.  

Specific knockdown of survivin enhanced cell 
sensitivity to cisplatin 

To assess the sensitivity of U2OS and Saos-2 cells 
infected with survivin-specific shRNAs to cisplatin, a 
widely used chemotherapeutic drug that can 
ultimately trigger apoptosis, cells were treated with 
different concentrations of cisplatin (0, 12.5, 25, 50, 75, 
150, and 300 µM). A clonogenic survival assay showed 

that U2OS and Saos-2 cells expressing low levels of 
survivin were more sensitive to cisplatin-induced 
cytotoxicity compared with the control groups 
(Figures 6A and 6B). These results suggested that 
cisplatin might be a powerful drug against human 
osteosarcoma. 

MiR-34a and miR-203 inhibit survivin 
expression in human osteosarcoma cells 

Several microRNAs have been reported to 
directly bind survivin mRNA to regulate its 
expression. To determine whether these microRNAs 
also regulated survivin expression in human 
osteosarcoma cells, we performed RT-qPCR to 
examine the expression of several important 
microRNAs, including miR-16, miR-34a, miR-203, 
miR-218, and miR-320a. As shown in figure 7A, the 
expression of miR-34a and miR-203 dramatically 
decreased in both U2OS and Saos-2 cells, but no 
difference was detected in miR-16, miR-218, and 
miR-320a expression. Conversely, U2OS and Saos-2 
cells infected with survivin-specific shRNAs 
presented significantly increased expression of 
miR-34a and miR-203 (Figures 7B and 7C). These data 
suggest that miR-34a and miR-203 might bind 
survivin mRNA and negatively regulate its 
expression in human osteosarcoma cells, repressing 
cancer cell proliferation and survival. 
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Figure 5. Downregulation of survivin expression by specific shRNAs induces apoptosis in human osteosarcoma cells. U2OS (A) and Saos-2 (B) cells were 
infected with lentiviruses containing either control shRNA (Con) or survivin-specific shRNAs (S1 and S2). After 48 hr of infection, cells were collected and stained with Annexin 
V-PE/7-AAD before flow cytometry analysis. Representative results from three independent experiments are shown. (C) Statistical analysis of apoptosis rate in (A) and (B), 
**P<0.001. (D) Cells used in (A) and (B) were subjected to western blot analyses with specific antibodies directed against caspase-8 (Pro-Casp-8, full-length caspase-8; C-Casp-8, 
cleaved caspase-8), caspase-3 (Pro-Casp-3, full-length caspase-3; C-Casp-3, cleaved caspase-3), or β-Actin. 

 

 
Figure 6. Downregulation of survivin expression by specific shRNAs significantly decreases cell survival rate. U2OS (A) and Saos-2 (B) cells were infected with 
lentiviruses containing either control shRNA (Con) or survivin-specific shRNAs (S1 and S2). After 48 hr of infection, cells were treated with increasing concentrations of cisplatin 
(12.5, 25, 50, 75, 150, 300 µM). Cells were harvested 40 h after treatment (mean ± SD). Cell survival was measured using the MTT assay. Representative data from three 
independent experiments are shown. 
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Figure 7. miR-34a and miR-203 regulate survivin expression in human osteosarcoma cells. Cells at normal culture conditions (A) and cells infected with lentiviruses 
containing either control shRNA (Con) or survivin-specific shRNAs (S1 and S2) (B and C, 48 hr infection) were subjected to total RNA extraction, inclusive of the small RNA 
fraction. The expression levels of miR-16, miR-34a, miR-203, miR-218, and miR-320a were measured by RT-qPCR using Taqman miRNA assays. Data were normalized using an 
internal control (RNU6B). Representative data from three independent experiments are shown. **P<0.001. 

 
4. Discussion 

Osteosarcoma is one of the most prevalent 
malignancies in children and young adults. In many 
cases, it is diagnosed at a very late stage (III or IV). 
Although advancements in the understanding of 
carcinogenic mechanisms and therapeutic approaches 
have significantly increased, the overall survival rates 
have not improved significantly over the past few 
years. Thus, it is necessary to further identify factors 
that control osteosarcoma initiation, progression, and 
metastasis and to develop new therapeutic strategies 
to increase the long-term survival of these patients.  

In previous research and the present studies, 
elevated expression of survivin was observed in 
osteosarcoma cells. In other cancer types, such as 
breast and lung cancers, increased expression of 
survivin is associated with cancer cell progression, 
metastasis, and drug resistance. Thus, inhibition of 
survivin expression is recognized as a valuable 
potential strategy for cancer treatment. In our study, 
we evaluated the biological effects of survivin 
expression in human osteosarcoma cells and then 
identified factors involved in regulating survivin 
expression. Our findings indicate that survivin levels 
are critical for osteosarcoma cell survival, colony 

formation, and cell cycle progression. Knockdown of 
survivin was able to decrease cell proliferation, induce 
apoptosis and cell cycle arrest, and increase sensitivity 
to the chemotherapeutic agent cisplatin. These results 
suggest that survivin is a promising target in the 
therapy of human osteosarcoma, and cisplatin may be 
used against osteosarcoma cells. In addition, based on 
numerous studies revealing that different microRNAs 
can target survivin to regulate its expression, we 
performed RT-qPCR to examine the microRNA 
expression, and found that miR-34a and miR-203 can 
specifically suppress survivin expression. However, 
we cannot conclude that miR-34a and miR-203 are the 
only two microRNAs involved in targeting survivin 
in human osteosarcoma cells. Our studies only 
provided a clue about the role of miRNAs in 
osteosarcoma, and additional analyses using miRNA 
microarrays or RNA sequencing are necessary to 
explore the microRNAs targeting survivin in human 
osteosarcoma cells and clinical specimens. For 
example, some studies have reported that miR-143 
can control cell metastasis in human osteosarcoma 
cells by targeting matrix metalloprotease-13 [26]. This 
result further suggests that microRNAs play a critical 
role in the development of osteosarcoma. In addition, 
it is also necessary to examine protein and mRNA 
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levels of the other known targets of miR-34a and 
miR-203 (e.g., SIRT1, CDK4, E2F3) to determine if 
these proteins are also involved in this process. 
Obviously, microRNAs can target a great number of 
proteins to regulate various events involved in cancer, 
such as cancer cell proliferation and metastasis. It 
remains unknown whether survivin is the only target 
of miR-34a and miR-203 in human osteosarcoma cells.  

In summary, our studies showed that survivin 
expression in osteosarcoma cells is important for cell 
proliferation, cell cycle progression, induction of 
apoptosis, and sensitivity to the chemotherapeutic 
agent cisplatin. miR-34a and miR-203 can target 
survivin and negatively regulate its expression. Our 
findings provide important clues for future studies 
aimed at unravelling the molecular mechanisms of 
osteosarcoma carcinogenesis and target survivin in 
the therapy of human osteosarcoma.  
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