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miR-503 inhibits cell proliferation and invasion in  
glioma by targeting L1CAM
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Abstract: Deregulated microRNAs and their roles in tumorigenesis have attracted much attention in recent years. 
Although miR-503 has been reported to be aberrant expression in several cancers, its role in glioma remains un-
known. In this study, we focused on the expression and mechanisms of miR-503 in glioma development. We found 
that miR-503 was downregulated in glioma cell lines and tumor tissues, and the restoration of miR-503 reduced 
cell proliferation invasion. Furthermore, bioinformatics analysis indicated that L1CAM was a putative target of miR-
503. In a Luciferase reporter system, we confirmed that L1CAM was a direct target gene of miR-503. These findings 
indicate that miR-503 suppresses glioma cell growth by negatively regulating the expression of L1CAM. Collectively, 
our data identify the important roles of miR-503 in glioma pathogenesis, indicating its potential application in can-
cer therapy.
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Introduction

Gliomas are the most common malignant pri-
mary brain tumors in adults and exhibit a  
spectrum of aberrantly aggressive phenotype. 
Although there has been great improvement in 
chemotherapy and molecular-targeted therapy, 
the outcome of lung cancer remains poor. The 
prognosis of the disease remains poor with a 
median survival in the range of 15-17 months 
[1-3]. Therefore, it is urgent to investigate the 
mechanism involved in the development and 
progression of glioma and to find new thera-
peutic targets.

MicroRNAs (miRNAs), an abundant class of ~22 
nucleotide small noncoding RNAs, post-tran-
scriptionally regulate gene expression through 
binding to multiple target mRNAs (mRNAs) 
[4-6]. miRNAs, as important regulators, are sig-
nificantly involved in the development of human 
diseases. Recent studies showed that the dys-
regulated miRNAs is closely associated with 
carcinogenesis and cancer progression [7, 8]. 
For example, expression levels of microRNA 
miR-25, miR-584, miR-663 and miR-155 are 
associated with progression and prognosis of 
glioma [9-12]. MiRNAs contribute to tumorigen-

esis and can function as oncogenes or tumor 
suppressors by regulating the expressions of 
their target genes [13]. Thus, investigation of 
aberrant miRNA expression in glioma might 
lead to the discovery of novel miRNA biomark-
ers for glioma [14].

In the present study, we confirmed that miR-
503 was down-regulated in glioma. Also, over-
expression of miR-503 suppressed glioma cell 
proliferation and invasion in vitro. Furthermore, 
miR-503 targets LICAM and inhibited the ex- 
pression of L1CAM both at the mRNA and  
protein levels. In conclusion, we found that  
miR-503 functions as a tumor suppressor by 
directly targeting L1 cell adhesion molecule 
(L1CAM). Thus, our findings provide significant 
clues regarding the role of miR-503 as a tumor 
suppressor in glioma.

Materials and methods

Human tissue specimens

Glioma tissues and normal brain tissues were 
obtained from patients undergoing surgery at 
the third Xiangya hospital, China. Collected tis-
sues were immediately snap-frozen and stored 
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at -80°C. Informed consents were obtained 
from each patient to approve the use of their 
tissues for research purposes. The study proto-
col was approved by the Institute Research 
Ethics Committee at Shandong University.

Cell lines

The human glioma cell lines U87, T98G, U373 
and U251 were obtained from the American 
Type Culture Collection (ATCC, Rockville, MD). 
These cell lines were maintained in Dulbecco’s 
modified Eagle medium (Invitrogen, Grand Is- 
land, NY) supplemented with 10% fetal bovine 
serum (Invitrogen) and penicillin/streptomycin 
(Invitrogen). Normal human astrocytes (NHA) 
cell line was obtained from the Lonza group 
(Lonza, Basel, Switzerland) and cultured acc- 
ording to the manufacturer’s instructions.

miRNAs and siRNA transfection

Negative control (NC), miR-503 mimics (mim-
ics) were purchased from GenePharma (Shang- 
hai, China). The cells were transfected with NC 
and mimics using Lipofectamine 2000 (Invi- 
trogen, USA) following the manufacturer’s pro-
tocol. Transfection efficiency was monitored by 
qRT-PCR.

Luciferase reporter gene assays

The 3’-UTR of L1CAM containing the putative 
binding site of miR-503 was amplified and sub-
cloned into pGL3 luciferase promoter vector 
(Promega, Madison, WI, USA). The vector was 
co-transfected with miR-503 mimics into HEK- 
293T cells for 48 h. The cells were harvested 
and relative luciferase activity was detected 
using a dual-luciferase reporter assay kit (Pro- 
mega) according to the manufacturer’s instruc-
tions. All experiments were performed at least 
three times.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

Total RNA was isolated from tissues and cell 
lines using the miRNeasy Mini Kit (Qiagen). The 
miRNA Q-PCR Detection Kit (GeneCopoeia) was 
used for quantification of miRNA levels accord-
ing to the manufacturer’s protocol. For quanti- 
fication of PRMT1 mRNA levels, the RT reac-
tions were conducted with the RevertAid TM  
H Minus First Strand cDNA Synthesis Kit (Fer- 
mentas). qRT-PCR was performed using an ABI 

7900 System (Bio-Rad). RNU6B and β-actin 
were used as normalizing controls for miRNA 
and mRNA quantification, respectively. The 
2-ΔΔCt method was employed to calculate the 
relative expression levels. The primers were as 
follows: miR-503, forward primer: 5’-CCTATT- 
TCCCATGATTCCTTCATA-3’ and reverse primer: 
5’-GTAATACGGTTATCCACGCG-3’; L1CAM, for-
ward primer: 5’-GGCATCTCCTGTGACTGCAG-3’ 
and reverse primer: 5’-GGCATCTCCTGTGACTG- 
CAG-3’.

Western blotting analysis

Whole cell extracts were prepared with a cell 
lysis reagent (Sigma-Aldrich, St. Louis, MO, 
USA) according to the manual, and then, the 
protein was quantified by a BCA assay (Pierce, 
Rockford, IL, USA). Then, the protein samples 
were separated by SDS-PAGE (10%) and de- 
tected by Western blot using polyclonal (rabbit) 
anti-L1CAM (Santa Cruz Bio-technology, Santa 
Cruz, CA, USA). Goat anti-rabbit IgG (Pierce, 
Rockford, IL, USA) secondary antibody conju-
gated to horseradish peroxidase and ECL 
detection systems (SuperSignal West Femto, 
Pierce) were used for detection.

MTT assay

The 3-(4,5-dimethylthiazal-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay was used to 
estimate cell viability [15]. Briefly, cells were 
plated at a density of 1×104 cells per well in 
96-well plates. After exposure to specific treat-
ment, the cells were incubated with MTT at a 
final concentration of 0.5 mg/ml for 4 h at 
37°C. After the removal of the medium, 150 
mM DMSO solutions were added to dissolve 
the formazan crystals. The absorbance was 
read at 570 nm using a multi-well scanning 
spectrophotometer reader. Cells in the control 
group were considered 100% viable.

Invasion assay

The capability of cell invasion was examined by 
transwell invasion assay. Cells were cultivated 
to 80% confluence on the 12-well plates. Then, 
we observed the procedures of cellular growth 
at 24 h. All the experiments were repeated in 
triplicate. The transwell migration chambers 
were used to evaluate cell invasion. The invad-
ing cells across the membrane were counted 
under a light microscope.
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Statistical analysis

Data are expressed as mean ± SD and ana-
lyzed by Student’s t-test. Compared with re- 
spective controls, P values of <0.05 were con-
sidered statistically significant.

Results

miR-503 expression in glioma tissues and 
cells

We first employed qRT-PCR to detect miR-503 
levels in glioma tissues. As shown in Figure 1A, 
the expression level of miR-503 was markedly 
downregulated in glioma tissues compared 
with normal brain tissues. Moreover, real-time 
PCR analysis showed that the expression level 
of miR-503 was markedly downregulated in 
four of the glioma cell lines (U87, T98G, U373 
and U251), in comparison with the expression 
levels in Normal human astrocytes (NHA) cell 
line (Figure 1B). Taken together these results 
indicate that miR-503 may be a tumor inhibitor 
a in the progression of glioma.

miR-503 inhibited invasion and migration of 
glioma cells

To further verify the role of miR-503 as an  
antitumor properties in U251 cells, we then  
performed rescue experiments. The transient 
transfection of miR-503 mimics was used to 
restore miR-503 expression in glioma cells. As 
shown in Figure 2A, expression level of miR-
503 was greatly increased by miR-503 mimics. 
To further characterize the functional impor-
tance of miR-503 in glioma progression, we 
examined its effect on the proliferation and 

invasion of glioma cells. The MTT assay and 
transwell invasion were employed. The results 
showed that miR-503 mimics decreased the 
proliferation of glioma cells (Figure 2B). Similar 
results were observed in invasion assays of gli-
oma cells (Figure 2C). Together, these findings 
demonstrate that miR-503 inhibits glioma cell 
proliferation and invasion in vitro.

miR-503 directly targets L1CAM in glioma

The miRNA target prediction websites www.
microRNA.org and TargetScan were used and 
demonstrated L1CAM is a potential down-
stream target gene of miR-503 in glioma with a 
conserved miR-503-binding site in the 3’-UTR 
of L1CAM mRNA. To confirm this prediction and 
verify whether L1CAM is direct targets of miR-
503, a dual-luciferase reporter system was 
employed by co-transfection of miR-503 and 
luciferase reporter plasmids containing 3’UTR 
of L1CAM, or mutated L1CAM (bearing dele-
tions of the putative miR-503 target sites). As 
shown in Figure 3A, co-transfection of miR-503 
mimics suppressed the luciferase activity of 
the reporter containing wild-type L1CAM 3’UTR 
sequence by dual-luciferase reporter assay. 
However, miR-503 mimics did not have any 
effect on luciferase activity when target cells 
were transfected with mutated L1CAM. These 
data suggest that L1CAM may be a direct func-
tional target of miR-503 in glioma.

In additional, to confirm the regulatory effect  
of miR-503 on L1CAM, we performed qRT-PCR 
and western blot assay to detect the expres-
sion of L1CAM responses to the changes of 
miR-503 expression in glioma cell lines. As 
shown in Figure 2B and 2C, the assay showed 

Figure 1. miR-503 expression in glioma tissues and cells. A. miR-503 expression in glioma tissues and normal brain 
tissues. Error bars represent ± S.E. and *P<0.01 versus normal brain tissues. B. miR-503 expression in glioma cells 
(U87, T98G, U373 and U251) and Normal human astrocytes (NHA) cell. Error bars represent ± S.E. and *P<0.01 
versus NHA cell.
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a negative regulatory effect of miR-503 on 
L1CAM. Up-regulated miR-503 could decrease 
the expression of L1CAM.

Discussion

Accumulated studies revealed deregulated 
miRNAs in various human cancers including 
glioma. Identifying the miRNAs and their tar-

gets that are essential for glioma progression 
may provide promising therapeutic opportuni-
ties [11, 16-18]. In this study, we demonstrated 
miR-503 as tumor suppressor and revealed 
that miR-503 inhibits proliferation and invasion 
of glioma via targeting L1CAM.

miR-503 is an intragenic miRNA clustered with 
miR-424 on chromosomal location Xq26.3 [19]. 

Figure 2. miR-503 affects the proliferation and invasion of glioma cells. A. qRT-PCR analysis revealed the effects 
of miR-503 mimics on the expression level of miR-503. B. MTT assays revealed the invasion ability of U251 cell 
transfected with miR-NC and miR-503. C. Transwell assays revealed the invasion ability of U251 cell transfected with 
miR-NC and miR-503. Data are the mean ± SD of duplicates from a representative experiment of three independent 
experiments. *P<0.01 vs. NC group.
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Several studies identified miR-503 to be in- 
volved in malignant tumors. miR-503 expres-
sion was found up-regulated in human parathy-
roid carcinomas [20] and in adrenocortical car-
cinomas [21]. miR-503 promotes tumor pro-
gression and acts as a novel biomarker for 
prognosis in oesophageal cancer [22]. More- 
over, miR-503 acts as a tumor suppressor in 
various tumors. For example, microRNA-503 
inhibits gastric cancer cell growth and epitheli-
al-to-mesenchymal transition [23]. MicroRNA- 
503 suppresses proliferation and cell-cycle 
progression of endometrioid endometrial can-
cer by negatively regulating cyclin D1 [24]. MiR-
503 targets PI3K p85 and IKK-beta and sup-
presses progression of non-small cell lung can-
cer [25]. miR-503 was frequently downregulat-
ed in HCC cell lines and tissues, and it inhibits 
the G1/S transition by downregulating cyclin 
D3 and E2F3 in hepatocellular carcinoma [26]. 
However, the expression and role of miR-503 in 
glioma remains unknown. Here, we confirmed 

that miR-503 expression was significantly 
downregulated in glioma tissues and cells, and 
the restoration of miR-503 reduced cell prolif-
eration invasion. These results suggested that 
miR-503 acted as a tumor-suppressor whose 
downregulation may contribute to the progres-
sion and metastasis of glioma.

L1CAM is the prototype member of the L1- 
family of closely related neural adhesion mole-
cules [27]. Recent studies in tumor biology 
have showed that L1CAM is overexpressed in 
many human cancers, such as melanoma, pan-
creatic ductal adenocarcinoma and ovarian, 
endometrial carcinoma and glioblastoma [28-
31]. L1CAM expression is generally associat- 
ed with poor prognosis, an aggressive pheno-
type, and advanced tumor stages [32]. Investi- 
gations in a variety of tumor types demonstrat-
ed that increased expression of L1CAM signifi-
cantly increased the migration and proliferat- 
ion capacity of cancer cells in vitro [33]. In addi-

Figure 3. miR-503 directly targeted L1CAM. A. 
Sequence alignment of miR-503 and 3’UTR of 
L1CAM using mirco-RNA. org. Luciferase re-
porter assay with co-transfection of wild-type 
or mutant L1CAM and miR-503 mimics or 
miR-control in U251 cells. Error bars represent 
± S.E. and *P<0.01 versus negative control 
(NC). B. qRT-PCR analysis revealed the effects 
of miR-503 mimics on the expression level of 
L1CAM. C. Western blot analysis revealed the 
effects of miR-503 mimics on the expression 
level of L1CAM. Error bars represent ± S.E. 
and *P<0.01 versus negative control (NC).
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tion, multiple clinical pathology studies have 
indicated that L1CAM might promote cancer 
cell invasion and metastasis [33]. In this stu- 
dy, a dual-luciferase reporter assay we show- 
ed that miR-503 directly bound to the 3’-UTR  
of L1CAM, which contains a miR-503-binding 
site. Overexpression of miR-503 significantly 
repressed L1CAM expression at the both mRNA 
and protein levels. Collectively, these results 
confirmed that miR-503 might function as a 
tumor suppressor in part by repressing L1CAM 
expression during the development of glioma.

In conclusion, our results demonstrated that 
miR-503 was downregulated in glioma and 
played critical roles in the growth and invasion 
of glioma cells. L1CAM is a direct target of miR-
503 and overexpression of miR-503 downre- 
gulated the expression of L1CAM protein and 
mRNA simultaneously, suggesting that miR-
503 function as a tumor suppressor probably 
through down-regulating L1CAM in glioma. 
Thus, these results indicate that miR-503  
functions as a tumor suppressor miRNA and 
can be used as a potential target in the gene 
therapy of glioma.
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