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Abstract 

Aberrant expression of MicroRNAs (miRNAs) has been implicated in several types of cancer. As a 
direct target gene of p53, miR-34a has been suggested to mediate the tumor suppressor function 
of p53. Ether à go-go 1 (Eag1) channel is overexpressed in a variety of cancers and plays important 
roles in cancer progression. However, the link between miR-34a and Eag1 in cancer is unclear. In 
this study, we used human osteosarcoma as the model to demonstrate that miR-34a was signifi-
cantly downregulated in osteosarcoma tissues and cell lines compared with normal brain tissues 
and osteoblastic cell line. Next we evaluated the role of miR-34a in the regulation of osteosarcoma 
cell proliferation by CCK-8 and colony formation assays. The results showed that overexpression 
of miR-34a inhibited the proliferation of MG-63 and Saos-2 cells. Furthermore, xenograft nude 
mice model showed that miR-34a inhibited osteosarcoma growth in vivo. Mechanistically, we found 
that overexpression of miR-34a led to decreased Eag1 expression in osteosarcoma cells while 
inhibition of miR-34a increased Eag1 expression. Taken together, our results suggest that miR-34a 
could inhibit osteosarcoma growth via the down regulation of Eag1 expression. 
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Introduction 
Osteosarcoma is a primary mesenchymal tumor 

characterized histologically by malignant tumor cells 
that directly produce osteoid or immature bone [1]. 
Osteosarcoma develops in the long bones of the body, 
such as the femur, the tibia or the humerus in about 
80% patients [2]. Osteosarcoma has high metastatic 
potential and the main sites of metastases are the 
lungs, pleura, and the heart [3]. With the improve-
ments in osteosarcoma therapy, 5-year survival rate 
for osteosarcoma patients without metastatic disease 
increases to 65% [4]. However, approximately 40–50% 

of patients will develop metastases, especially pul-
monary metastases, and few of them could be cured 
[5]. Therefore, it is urgent to develop new treatment 
strategies for osteosarcoma in the clinic. Several ge-
netic alterations have been found to be associated 
with osteosarcoma [6], suggesting the potential ap-
plication of gene therapy in osteosarcoma treatment.  

microRNAs (miRNAs) are short, highly con-
served small non-coding RNA molecules of about 22 
nucleotides in length that regulate gene expression by 
binding to the 3’ untranslated region (3’-UTR) of the 
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complementary mRNA sequence, resulting in trans-
lational repression and gene silencing [7-9]. Recently, 
abnormal expression of miRNAs is found in various 
human tumors and suggested to be associated with 
the proliferation, differentiation, apoptosis and inva-
sion of tumor cells, including osteosarcoma [10,11]. 
Although aberrant expression of several miRNAs 
such as miR-199a [12], miR-21 [13] and miR-93 [14] 
have been reported for osteosarcoma, the molecular 
mechanisms for regulatory processes of miRNAs in 
osteosarcoma remain largely elusive.  

In this study, we found that microRNA-34a 
(miR-34a) was downregulated in osteosarcoma tissues 
compared with normal bone tissues. Furthermore, 
miR-34a could suppress osteosarcoma cell prolifera-
tion in vitro and tumor growth in xenograft model of 
osteosarcoma. Finally, we found that Eag1 was regu-
lated by miR-34a via a negative feed-forward mecha-
nism. In conclusion, we demonstrated that miR-34a 
may function as a tumor suppressor through down-
regulating Eag1 expression in osteosarcoma. 

Materials and methods  
Cell culture  

Human osteosarcoma cell line MG-63 and 
Saos-2, and human osteoblastic cell line hFOB 1.19 
were purchased from the American Type Culture 
Collection (ATCC, Rockville, MD, USA). MG-63 and 
Saos-2 cells were cultured in RPMI-1640 medium 
(Gibco, Rockville, MD, USA) supplemented with 10% 
fetal bovine serum (FBS) (Gibco), 100 IU/ml penicil-
lin, 100 μg/ml streptomycin in a humidified atmos-
phere of 5% CO2 at 37°C. hFOB 1.19 cells were cul-
tured in ham’s F12/ Dulbecco’s modified Eagle me-
dium (DMEM) (Gibco) supplemented with 10% (v/v) 
FBS, 100 U/ml penicillin, and 100 μg/ml streptomy-
cin in a humidified atmosphere with 5% CO2 at 
33.5°C. All cells were subcultured every 3-4 days.  

Tissue samples  
Surgically resected paired 10 osteosarcoma 

specimens (before the administration of neoadjuvant 
chemotherapy) and 10 adjacent normal bone tissues 
were acquired from the affiliated Southeast Hospital 
of Xiamen University between January 2010 and June 
2011. All the specimens were obtained after obtaining 
written informed consent according to a protocol ap-
proved by Institutional Review Board of the affiliated 
Southeast Hospital of Xiamen University. 

Plasmid construction and transfection 
A 264-bp DNA fragment containing pri-miR-34a 

was amplified by PCR from human genomic DNA 

using the following primers: pri-34a-sense 5'-CAC 
AAG CTT TCC TCC CCA CAT TTC CTT C-3', and 
pri-34a-antisense 5'-CGC TCG AGT CCT GGC GTC 
TCC CAC TG-3', and subcloned into pcDNA3.1(+) 
vector (Invitrogen, Rockville, MD, USA) carrying 
neomycin resistance gene. The recombinant con-
structs were verified by DNA sequencing. Transfec-
tion was performed using LipofectamineTM 2000 
(Invitrogen) according to the manufacturer’s instruc-
tions. 

Polymerase Chain Reaction (PCR)  
Total RNA was isolated from the cultured cells 

or tissue samples by Trizol reagent (Invitrogen). RNA 
purity and integrity was checked by running an ali-
quot on a denaturing 1% (w/v) agarose gel. The 
stem-loop RT (reverse transcription)-PCR was used to 
measure the miR-34a level as previously described 
[15]. The small RNA was reverse transcribed to cDNA 
using 3.33 U/µl MultiScribe reverse transcriptase 
(Applied Biosystems, CA), plus 1× RT buffer, 0.25 mM 
each of dNTPs, and 0.25 U/µl RNase inhibitor and the 
34a-RT and U6-RT primers (Applied Biosystems). 
Then the cDNA was used for the amplification of 
mature miR-34a and an endogenous control U6 
snRNA (small nuclear RNA), with the specific for-
ward primers and the universal reverse primers. Each 
experiment was repeated three times. Some of PCR 
products were sequenced to check PCR specificity. 

Cell proliferation assay  
Cell proliferation was analyzed by using Cell 

Counting Assay Kit-8 (CCK-8) (Dojindo Molecular 
Technologies, Gaithersburg, MD) according to the 
manufacturer’s protocol. Briefly, 5 × 103 cells were 
starved in serum-free medium for 12 h and then the 
cells were transfected with plasmids. After 24, 48, 72 
and 96 h, the cells were harvested. Ten microliters of 
CCK-8 solution was added to each well, the cells were 
incubated for 1 h, and the absorbance (A) at 490 nm 
was measured by using the automatic multiwell 
spectrophotometer (Bio-Rad, Richmond, CA). Ex-
periments were performed at least three times with 
representative data presented. 

Colony formation assay  
For the colony formation assay, 0.5% agar (Sig-

ma, St. Louis, MO, USA) was added in 60 mm dishes. 
The transfected MG-63 or Saos-2 cells were mixed 
with 0.3% soft agar and added on the bottom agar 
with 1 × 103 cells per dish. The cells were incubated for 
up to 2 weeks. Colonies with more than 50 cells were 
counted at 14 d after transfection. 
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Tumorigenicity assay in nude mice  
Thymus-null BALB/c nude mice (female, age 4-6 

weeks) were obtained from the Animal Center of 
Chinese Academy of Medical Sciences. All animal 
procedures were performed according to approved 
protocols and in accordance with recommendations 
for the proper use and care of laboratory animals. 
Osteosarcoma xenografts were established in nude 
mice as described previously [16]. Briefly, pcDNA3.1 
(control group) or miR-34a (miR-34a group) trans-
fected osteosarcoma MG-63 cells (1 × 105) were sus-
pended in 0.1 ml phosphate-buffered saline (PBS) and 
then injected subcutaneously into the proximal tibia 
of each anesthetized nude mice (n =6 in each group). 
Tumor growth was measured using caliper weekly 
and tumor volume (cm3) was determined with fol-
lowing formula: ab2/2 where a was the length and b 
was the width of the tumor. 

Western blot analysis 
5~6 × 107 cells were collected and lysed in 

ice-cold lysis buffer containing 50 mmol/L Tris-Cl 
(pH 7.5), 150 mmol/L NaCl, 0.2 mmol/L EDTA, 1 
mmol/L PMSF and 1% Nonidet-P40 for 30 min. The 
lysates were centrifuged at 13,200 rpm for 10 min at 
4°C and the supernatants were collected. 50 μg pro-
tein were resolved by 12% SDS-PAGE and blotted 
onto nitrocellulose membranes (Bio-Rad). Membranes 
were blocked with 10% nonfat milk powder at room 
temperature for 1 h, then incubated with antibodies to 
Eag1 (Alomone laboratories, Jerusalem, Israel) and 
GAPDH (Santa Cruz Biotechnology, CA, USA) over-
night at 4°C, followed by incubation with horseradish 
peroxidase-conjugated secondary antibody (Santa 

Cruz Biotechnology). Finally, the membranes were 
developed with chemiluminescent detection kit 
(Zhongshan Biotechnology, Beijing, China) and ex-
posed to X-ray films. Experiments were performed at 
least three times with representative data presented. 

miR-34a inhibition 
miR-34a was inhibited by miR-34a-2’-O-Methyl 

antisense oligoribonucleotide (miR-34a-2’-O-Me) as 
previously described [17]. miR-34a-2’-O-Me was a 
chemically synthesized, single-stranded, modified 
RNA which specifically inhibited endogenous 
miR-34a function after transfection into the cells. Ol-
igos were transfected at a final concentration of 80 nM 
by using LipofectamineTM 2000 (Invitrogen) according 
to manufacturer’s instructions.  

Statistical analysis 
All data were presented as mean ± standard er-

ror of mean (SEM). Statistical significance was deter-
mined using t-test or analysis of variance (ANOVA) 
using the SPSS18.0 program. p < 0.05 was considered 
as statistically significant difference. 

Results 
miR-34a is downregulated in osteosarcoma  

To evaluate a possible involvement of miR-34a in 
osteosarcoma tumorigenesis, we examined its expres-
sion level in human osteosarcoma. As shown in Fig. 1, 
miR-34a was downregulated in ten osteosarcoma tis-
sues (Fig. 1A) and two osteosarcoma cell lines (Fig. 
1B), compared with normal bone tissues and osteo-
blastic cell line. These data are consistent with previ-
ous report [18]. 

 

 
Figure 1. miR-34a is downregualted in osteosarcoma tissues and cells. A: The miR-34a expression level was measured in ten pairs of 
osteosarcoma tissues and normal bone tissues by stem-loop RT-PCR. B: Considerably reduced miR-34a expression was observed in 
MG-63 and Saos-2 cells, compared to hFOB 1.19 cells. The miR-34a level in normal bone tissues and hFOB 1.19 cells was normalized to 
100%. *** P<0.001. 
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miR-34a inhibits osteosarcoma cell prolifera-
tion  

To characterize the possible role of miR-34a in 
osteosarcoma cells, we constructed a 
pcDNA/miR-34a vector to overexpress miR-34a (Fig. 
2). Osteosarcoma cells were transfected with either 
pcDNA-miR-34a or pcDNA3.1(+) and then selected 
by G418 treatment for 6 weeks to generate stable 
MG-63 and Saos-2 cells that overexpress miR-34a. By 
CCK-8 and colony formation assay, we demonstrated 
that miR-34a inhibited the proliferation and colony 
formation of MG-63 and Saos-2 cells (Fig. 3). These 
results suggest that miR-34a plays a tumor suppressor 
role in osteosarcoma cells. 

 

 
 

 
Figure 2. Construction of pcDNA/miR-34a eukaryotic expres-
sion vector. Cartoon of miR-34a expression vector. 

 

 
Figure 3. miR-34a inhibits the proliferation of osteosarcoma cells. A: The proliferation of osteosarcoma cells was determined by CCK-8 
assay at 24, 48, 72, and 96 h after transfection of miR-34a into MG-63 and Saos-2. The proliferation of osteosarcoma cells was significantly 
reduced after transfection wtih miR-34a. Data were presented as mean ± SD (n = 6). B: The tumorigenicity of osteosarcoma cells was 
determined by colony formation assay. The tumorigenicity of osteosarcoma cells was significantly reduced after transfection wtih 
miR-34a. Data were presented as mean ± SD (n = 3). ** P<0.01, *** P<0.001. 
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miR-34a inhibits tumor growth in xenograft 
model of osteosarcoma 

To investigate the in vivo role of miR-34a in os-
teosarcoma, we established a xenograft model of os-
teosarcoma in nude mice. The results showed that the 
tumor volume was significantly smaller in control 
group compared to miR-34a group (Fig. 4). These in 
vivo data confirm our in vitro results and suggest that 
miR-34a functions as a tumor suppressor in osteo-
sarcoma. 

miR-34a regulates Eag1 expression in osteo-
sarcoma 

Eag1 has been shown to function as an oncogene, 
and we reported previously that knockdown of Eag1 

inhibited osteosarcoma growth in vitro and in vivo 
[19]. A recent report showed that Eag1 expression was 
negatively regulated by p53 through p53-miR34-E2F1 
pathway in human neuroblastoma cells [20]. Given 
the tumor suppressor role of miR-34a in osteosarcoma 
we showed above, we postulate that Eag1 expression 
may be negatively regulated by miR-34a. Our results 
showed that endogenous Eag1 protein level in 
miR-34a group cells was significantly decreased. In 
contrast, the expression level of Eag1 was increased in 
miR-34a-2’-O-Me transfected cells (Fig. 5). These re-
sults suggest that the tumor suppressor activity of 
miR-34a is mediated through negative regulation of 
oncogenic protein Eag1. 

 

 
Figure 4. miR-34a inhibits osteosarcoma growth in vivo. The length and width of tumor were measured weekly after inoculation and the 
volume of tumor was calculated. After 5 weeks, the tumor volume growth curve was drafted. *** P<0.001 vs. control. 

 
Figure 5. miR-34a regulates Eag1 expression. A: Western blot analysis showed that the expression level of Eag1 in the miR-34a group was 
significantly lower than that in the blank group or control group, while the expression level of Eag1 was increased in the miR-34a-2’-O-Me 
group. B: Grey-value analysis of the bolts with actin as the internal reference. The results were expressed as mean ± SD (n = 3). *** 
P<0.001. 
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Discussion 
In recent years, the functional role of Kv chan-

nels in tumor biology has been an area of intense in-
vestigation [21]. In particular, Eag1 (Kv10.1, KCNH1) 
channel attracts much interest due to its close relation 
to tumor growth, progression and metastasis. Eag1 is 
a central nervous system (CNS)-localized channel that 
is overexpressed in several tumor cell lines and more 
than 75% of primary solid tumors [22-24]. The sup-
pression of Eag1 expression caused a significant re-
duction of cancer cell proliferation [25-27]. Moreover, 
aggressive tumors were induced when cells with ec-
topic expression of Eag1 were implanted into immune 
deficient mice [28]. These studies strongly suggest the 
oncogenic potential of Eag1 [28, 29]. However, the 
molecular mechanisms responsible for the overex-
pression of Eag1 in cancer remain elusive.  

Recent studies have shown the involvement of 
miRNAs in tumorigenesis. The miRNAs with in-
creased expression levels in tumors may function as 
oncogenes by negatively regulating tumor suppressor 
genes. On the contrary, the miRNAs frequently 
downregulated in cancer may function as tumor 
suppressor and inhibit cancer development by 
downregulating oncogenes [30]. Recent studies have 
shown that miRNAs funtion as upstream regulators 
in osteosarcoma growth, suggesting that miRNAs 
could be a powerful tool for osteosarcoma prevention 
and therapeutics [31, 32]. 

miRNA-34 family is a direct target of p53, a 
well-known tumor suppressor that induces apoptosis, 
cell cycle arrest and senescence [33-35]. In vertebrates, 
miRNA-34 family has three members: miRNA-34a, 
miRNA-34b and miRNA-34c. The mature miRNA-34a 
sequence is located within the second exon of its 
non-coding host gene, nearly 30 kb downstream of its 
first exon, which contains a predicted p53 binding 
site. Meanwhile, both miRNA-34b and miRNA-34c 
are located within a single non-coding precursor [36]. 
miRNA-34a is downregulated in several types of tu-
mors because of inactivating mutations of p53 [37], 
including osteosarcoma [38]. Cyclin D1, CDK4 and 
CDK6, E2F3, N-myc, c-Met and Bcl-2 have been re-
ported to be direct targets of miR-34a [39].  

In the present study, we found that miR-34a was 
significantly downregulated in human osteosarcoma 
compared to normal osteoblasts. Next our in vitro and 
in vivo studies showed that overexpression of miR-34a 
could efficiently suppress the growth of osteosar-
coma. To further explore the molecular mechanism 
underlying miR-34a induced inhibition of osteosar-
coma growth, we examined the expression of Eag1 
and the data showed that overexpression of miR-34a 

could significantly inhibit the expression of Eag1 
while inhibition of miR-34a increased the expression 
of Eag1. Collectively, these data demonstrate that 
miR-34a plays an important role in the regulation of 
osteosarcoma growth and may function as a tumor 
suppressor through the downregulation of Eag1 ex-
pression in osteosarcoma. However, further studies 
are needed to confirm that Eag1 is a direct target of 
miR-34a, which will provide new insight into the 
pathogenesis of osteosarcoma.  
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