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Abstract: Circular RNAs (circRNAs) is a class of endogenous noncoding RNAs that, unlike linear RNAs, form cova-
lently closed continuous loops and have recently shown huge capabilities as gene regulators in mammals. However, 
little is known about their roles in cancer initiation and progression, such as glioma. In this study, we determined 
the expression level of circRNA ITCH (cir-ITCH) in glioma specimens and further investigated its functional role in gli-
oma cells. By performing Taq-man based RT-qPCR, we identified that cir-ITCH was downregulated in glioma tissues 
and cell lines. Receiver operating curve analysis suggested cir-ITCH showed a relatively high diagnostic accuracy. 
Kaplan-Meier assay revealed that decreased cir-ITCH level was associated with poor survival of glioma patients. 
The functional relevance of cir-ITCH was further examined by biological assays. Cir-ITCH significantly promoted the 
capacities of cell proliferation, migration and invasion of glioma cells. The linear isomer of cir-ITCH, ITCH gene was 
then identified as the down stream target. Subsequently, RNA immunoprecipitation clearly showed that cir-ITCH 
sponged miR-214, which further promoted the ITCH expression. Finally, the gain and loss functional assays indicate 
that cir-ITCH plays an anti-oncogenic role through sponging miR-214 and regulating ITCH-Wnt/β-catenin pathway. 
These results suggest that cir-ITCH is a tumor-suppressor gene in glioma and may serve as a promising prognostic 
biomarker for glioma patients. Therefore, restoration of cir-ITCH expression could be a future direction to develop a 
novel treatment strategy.
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Introduction

Glioma is one of the most common types of pri-
mary brain tumors in adults, and represents 
one of the most aggressive and lethal human 
cancer types [1]. Most of the patients are at 
advanced stages at the time of diagnosis, and 
the prognosis of these patients still remains 
poor [2]. The standard treatment regimen 
includes surgery, radiation, and chemotherapy 
[3]. Despite advances in this therapeutic regi-
men, treatment usually fails due to a combina-
tion of chemo- and radio-resistance and the 
intrinsic ability of the malignant cells to dis-
perse widely through normal brain tissue, mak-
ing complete surgical resection nearly impossi-
ble. Therefore, finding new therapeutic markers 
and better understanding of the pathway relat-
ed to cancer progression is warranted to pro-

mote the prognosis of patients with glioma, and 
possibly find a cure.

High-throughput RNA sequencing (RNA-Seq), 
an emerging method to study the RNA regula-
tion mechanism in the whole genome, has been 
able to detect circular RNA (circRNAs) [4]. 
Circular RNAs (circRNAs) are a large class of 
endogenous RNAs that are formed by exon skip-
ping or back-splicing events with neither 5’ to 3’ 
polarity nor a polyadenylated tail; however, they 
attracted little attention until their function in 
post-transcriptional regulation of gene expres-
sion was discovered. CircRNAs are conserved 
and stable, and numerous circRNAs seem to be 
specifically expressed in a cell type or develop-
mental stage [5, 6]. The cell type- or develop-
mental stage-specific expression patterns indi-
cate that circRNAs may play important roles in 
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the regulation of multiple diseases, including 
cardiovascular disease, diabetes mellitus and 
cancerous tumors [7, 8]. 

It’s reported that circRNAs play a vital role in 
many aspects of malignant phenotypes, includ-
ing cell cycle, apoptosis, vascularization, and 
invasion, and metastasis [9-11]. With regard to 
their ways of function, circRNAs mainly serve as 
miRNA sponges to regulate gene expression, 
such as ciRS-7 [12]. Recently, several studies 
reported that circle RNA ITCH (cir-ITCH) is a cir-
cular RNA that spans several exons of Ubiquitin 
(Ub) protein ligase (E3) (ITCH) [13-15]. They 
indicated that cir-ITCH exerted inhibitory effect 
in hepatocellular carcinoma, colorectal cancer 
and esophageal squamous cell carcinoma 
through harboring many miRNA binding sites 
that can bind to the 3’-UTR of ITCH, which 
degrades the phosphorylated form of dishev-
eled (Dvl) via the proteasome pathway, thus 
inhibiting the action of the canonical Wnt path-
way. However, the functional role of cir-ITCH in 
glioma is not reported.

In this study, we hypothesized that cir-ITCH 
might regulate the expression level of ITCH 
mRNA and involve in glioma development. To 
verify this hypothesis, we detected the expres-
sion of cir-ITCH in primary tumor tissues and 
different glioma cell lines. Moreover, the func-
tional relevance of cir-ITCH with glioma was fur-
ther examined by gain and loss functional 
assays.

Materials and methods

Patient samples

Sixty cancer tissues and paired adjacent non-
cancerous tissues from primary glioma patients 
were collected. All the patients were pathologi-
cally confirmed and the tissues were collected 
immediately after they were obtained during 
the surgical operation, and then stored at 
-80°C to prevent RNA loss. They were classified 
according to the WHO criteria and staged 
according to the tumor-node-metastasis (TNM) 
classification. OS was updated on 1 February 
2012 and was defined as the time from inclu-
sion to death for any reason. RFS was defined 
as the time from inclusion to recurrence or 
metastasis progression. Written informed con-
sent was obtained from all patients according 
to the guidelines approved by the Ethics 
Committee.

Cell culture

Human glioma cell lines (U87, U251, A172, 
SHG44, LN229, T98G and SHG139) and nor-
mal glial cell line M059K were purchased from 
the Shanghai Institute of Life Sciences Cell 
Resource Center (Shanghai, China). All glioma 
cell lines were cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM) medium (Gibco, USA) 
supplemented with 10% fetal bovine serum 
(FBS) and 1% penicillin/streptomycin (Biowest, 
France). Normal glial cell line M059K were 
grown in DMEM/F12 1:1 medium with 10% 
FBS, 2.5 mM L-glutamine adjusted to contain 
15 mM HEPES, 0.5 mM sodium pyruvate, and 
1.2 g/L sodium bicarbonate supplemented 
with 0.05 mM non-essential amino acids. Cells 
were cultured at 37°C in 5% CO2 and 95% air. 

RNA oligoribonucleotides and cell transfection

The cir-ITCH overexpression plasmid (p-cirITCH), 
miR-214 mimics, and small interfering RNAs 
(siRNAs) that specifically target ITCH (si-ITCH) 
was synthesized by GenePharma (Shanghai, 
China). For the construction of p-cirITCH, a 996 
bp DNA fragment corresponding to exons 6-13 
of the ITCH gene was used, and we added 1 kb 
upstream and 200 bp downstream to the non-
linear splice sites. Also, an 800-bp DNA stretch 
was added upstream of the splice acceptor site 
and inserted downstream in the reverse orien-
tation. The cDNA sequence of cir-ITCH was syn-
thesized by the Ribo Bio Company (Guangzhou, 
China) and then cloned into the lentiviral 
expression vector pLVXIRES-neo, (Clontech 
Laboratories Inc., San Francisco, CA, USA). 
Lentiviral production and transduction were 
conducted by following previously published 
procedures [16]. Glioma cells were maintained 
in a 6-well plate in DMEM supplemented with 
10% FBS and cultured until 50-70% confluent. 
RNA oligoribonucleotides were mixed with 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, 
USA) in reduced serum medium (Opti-MEM, 
Gibco, USA) according to the manufacturer’s 
instructions and final concentration of RNA  
oligoribonucleotides was 100 nM. Knockdown 
or overexpression effect was examined by 
RT-qPCR using RNA extracted 48 hours after 
transfection. 

Quantitative real-time PCR (RT-qPCR)

Total RNA was isolated from primary glioma tis-
sues or cell lines using TRIzol reagent 
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(Invitrogen). And then, the cDNA was synthe-
sized from 200 ng extracted total RNA using 
the SuperScript III® (Invitrogen) and amplified 
by RT-qPCR based on the TaqMan method on 
an ABI PRISM 7500 Sequence Detection 
System (Life Technologies, Grand Island, NY, 
USA), with the housekeeping gene GAPDH or 
U6 as an internal control. The 2-ΔΔCt method was 
used to determine the relative quantification of 
gene expression levels. All the premier sequenc-
es were synthesized by RiboBio (Guangzhou, 
China), and their sequences are shown as fol-
lows: cir-ITCH (Forward) 5’-GCAGAGGCCAACAC- 
TGGAA-3’, (Reverse) 5’-TCCTTGAAGCTGACTAC- 
GCTGAG-3’; linear ITCH (Forward) 5’-TAGAC- 
CAGAACCTCTACCTCCTG-3’, (Reverse) 5’-TTAA- 
ACTG CTGCATTGCTCCTTG-3’; miR-214 (For- 
ward) 5’-GACAGCAGGCACAGACA-3’, (Reverse) 
5’-GTGCAGGGTCCGAG-3’; c-Myc (Forward) 5’- 
TTCGGGTAGTGGAAAACCAG-3’, (Reverse) 5’-CA- 
GCAGCTCGAATTTCTTCC-3’; cyclin D1 (Forward) 
5’-GAGGAGCAGCTCGCCAA-3’, (Reverse) 5’-CTG- 
TCAAGGTCCGGCCAGCG-3’; GAPDH (Forward) 
5’-GAAGGTGAAGGTC GGAGTC-3’, (Reverse) 5’- 
GAAGATGGTGATGGGATTTC-3’. 

MTT assay 

Cell proliferation was evaluated by using 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenylt etra-
zolium bromide (MTT, Sigma, MO, USA). Briefly, 
5×103 cells per well were seeded into a 96-well 
plate. After transfection, the optical density 
was measured at 450 nm using a microtiter 
plate reader at different time points, and the 
rate of cell survival was expressed as the 
absorbance.

FACS apoptosis assay

Cells (1×105/well) were collected 48 h after 
transfection, and were stained with Annexin V 
FITC and propidium iodide (PI) according to the 
manufacturer’s instructions (BD Biosciences, 
Erembodegem, Belgium). Apoptosis was asse- 
ssed by flow cytometry (BD FACSCalibur).

Colony formation assays

HepG2 and Bel7404 cells were infected with 
Lv-cirITCH and cultured for 72 hours, and then 
they were re-plated in 6-well plates at the 
density of 5×102 per well and maintained for 10 
days. The colonies were fixed and stained with 
0.5% crystal violet for 15 minutes. 

Cell migration and invasion assay

Cell migratory ability was detected by wound-
healing assay. Briefly, transfected/treated cells 
were seeded in 6-well plates and cultured to 
near confluence. Artificial wounds were created 
on the cell monolayer using culture inserts for 
live cells analysis, and then migrated cells and 
wound healing were visualized. For each group, 
at least 3 artificial wounds were photographed 
immediately and at the time points indicated 
after the wound formation. After the wounds 
were created, the cells were incubated in cul-
ture medium without FBS and then photo-
graphed at 48 h. Percent of wound closure was 
calculated with Image J 1.47 software.

Cell invasive ability was detected by using 
Transwell permeable supports (Corning, USA) 
according to manufacturer’s protocol. Briefly, 
the transfected/treated cells were plated onto 
a Matrigel-coated membrane in the upper 
chamber of a 24-well insert containing medium 
free of serum. The bottom chamber contained 
DMEM with 10% FBS. Cells were incubated at 
37°C with 5% CO2 for 48 h after plating. Then, 
the bottom of the chamber insert was fixed with 
methanol and stained with 0.5% crystal violet 
for 15 minutes. The number of cells that invad-
ed through the membrane was determined 
from digital images captured on an inverted 
microscope and calculated with Image J 1.47 
software. 

circRNAs immunoprecipitation (circRIP)

Biotin-labeled cir-ITCH probe (5’-CCGTCCGGA- 
ACTATGAACAACAATGGCA-3’-biotin) was synthe-
sized by Sangon Biotech and the circRIP assay 
was performed as previously described with 
minor modification [11caoxuetao]. U87 cells 
were fixed by 1% formaldehyde for 10 minutes, 
lysed and sonicated. After centrifugation, 50 µl 
of the supernatant was retained as input and 
the remaining part was incubated with cir-ITCH 
specific probes-streptavidin dynabeads (M- 
280, Invitrogen) mixture over night at 30°C. 
Next day, M-280 dynabeads-probes-circRNAs 
mixture was washed and incubated with 200 µl 
lysis buffer and proteinase K to reverse the 
formaldehyde crosslinking. Finally, the mixture 
was added with TRizol for RNA extraction and 
RT-qPCR detection. The RIP experiment using 
ITCH antibody (1:1000; Santa Cruz Biote- 
chnology, Santa Cruz, CA, USA) to pull down 
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miR-214 was also performed. The Magna RIP 
RNA-Binding Protein Immunoprecipitation Kit 
(Millipore, Bedford, MA, USA) was used accord-
ing to the manufacturer’s instructions. Total 
RNA and controls were also assayed to demon-
strate that the detected signals were from 
RNAs specifically binding to ITCH. The final 
analysis was performed using RT-qPCR and 
shown as the fold enrichment of miR-214.

Western blot and antibodies

Glioma cells were lysed with radioimmunopre-
cipitation assay (RIPA) buffer (Sigma, MO, USA) 
containing protease inhibitors (Sigma). Protein 
quantification was done using a BCA protein 
assay kit (Promega, USA). The primary antibod-
ies used for western blotting were rabbit anti-
human Wnt3a antibody (1:1000, Cell Signaling 
Technology, Beverly, MA, USA), rabbit anti-
human β-catenin antibody (1:1000, Cell Sig- 
naling Technology), rabbit anti-human β-actin 
antibody (1:1000, Cell Signaling Technology), 

and rabbit anti-human ITCH antibody (1:1000; 
Santa Cruz Biotechnology). Horseradish peroxi-
dase-conjugated (HRP) anti-rabbit antibodies 
(1:5000; Santa Cruz Biotechnology) were used 
as the secondary antibodies. A total of 25 μg 
protein from each sample was separated on 
10% Bis-Tris polyacrylamide gel through elec-
trophoresis and then blotted onto polyvinyli-
dene fluoride (PVDF) membranes (GE Health- 
care, Piscataway, NJ, USA). Then, the mem-
brane was blocked with 5% (5 g/100 mL) non-
fat dry milk (Bio-Rad, CA, USA) in tri-buffered 
saline plus Tween (TBS-T) buffer for 2 h. Blots 
were immunostained with primary antibody at 
4°C overnight and with secondary antibody at 
room temperature for 1 h. Immunoblots were 
visualized using ImmobilonTM Western Che- 
miluminescent HRP Substrate (Millipore). 
Protein levels were normalized to β-actin.

Immunofluorescence analysis

Glioma cells were grown to 40% to 50% conflu-
ence and then transfected with 100 nM of 

Figure 1. The expression level of cir-ITCH is closely related to glioma. A. Divergent primers amplify circular RNAs in 
cDNA but not genomic DNA (gDNA). Convergent primers can amplify both circular RNAs and linear RNAs, GAPDH 
is linear control. B. Taq-man based RT-qPCR showed that cir-ITCH is downregulated in most glioma cell lines in 
contrast to human normal glial cell line M059K. C. cir-ITCH was also downregulated in primary glioma tissues when 
compare with adjacent noncancerous tissues. D. cir-ITCH expression level was analyzed in 60 primary glioma tis-
sues and expressed as log2 fold change (glioma/normal), and the log2 fold changes were presented as follows: <1, 
underexpression (31 cases); >1, overexpression (11 cases); the remainder were defined as unchanged (18 cases).
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p-cirITCH, miR-214 mimics or si-ITCH accord-
ingly. After 48 hours of incubation, the cells 
were fixed with 4% paraformaldehyde and per-
meabilized in 0.2% Triton X-100 (Sigma-Aldrich) 
for 20 minutes. The cells were then blocked 
with 10% goat serum in PBS for 1 h. Cells were 
incubated with primary anti-Ki-67 (Cell 
Signaling Technology) overnight at 4°C and 
then incubated with the appropriate rhoda-
mine-conjugated secondary antibody for 1 h. 
The cells were then washed and incubated with 
DAPI (Invitrogen) for nuclear staining. The slides 
were visualized for immunofluorescence with a 
laser scanning Olympus microscope.

Statistical analysis

Kolmogorov-Smirnov test was used to deter-
mine the normality of the distribution of data in 
each group. For CRC vs. normal cell lines, and 
CRC tissue vs. adjacent non-tumor tissue, dif-
ferences were shown in median expression and 
were determined using the Mann-Whitney U 
test or Kruskal-Wallis test. The correlation anal-
ysis was evaluated by using the Spearman test. 
Receiver operator characteristic (ROC) curve 

analysis and area and the curve (AUC) was 
used to determine the diagnostic value of cir-
ITCH. Count dates were described as frequency 
and examined using Fisher’s exact test. A log-
rank test was used to analyze the statistical dif-
ferences in survival as deduced from Kaplan-
Meier curves. The results were considered sta-
tistically significant at P<0.05. Error bars in fig-
ures represent SD (Standard Deviation). Sta- 
tistical analyses were performed with GraphPad 
Prism (version 5.01, La Jolla, CA, USA) soft-
ware. *P<0.05; **P<0.01; ***P<0.001.

Results

Cir-ITCH expression is downregulated in glioma 

To investigate circRNAs expression in glioma 
tissues, we performed RT-qPCR assays to veri-
fy the circular form of ITCH. Two sets of ITCH 
primers were designed for this study: a diver-
gent set that was expected to amplify only the 
circular form and an opposite directed set to 
amplify the linear forms. As expected, the circu-
lar form was amplified by using the divergent 
primers, and no amplification was observed 
when cDNA and genomic DNA were used as 
templates (Figure 1A). GAPDH was used as a 
linear control. Thus, we confirmed that cir-ITCH 
is specifically amplified with divergent primers 
on cDNA.

Then, we detected the expression level of cir-
ITCH in glioma cells. The TaqMan-based 
RT-qPCR showed that cir-ITCH was significantly 
downregulated in most glioma cell lines when 
compared to human normal glial cell line 
M059K (Figure 1B). A similar result was also 
observed when cir-ITCH was determined in glio-
ma tissues and normal tissues (Figure 1C). 
Moreover, the glioma tissues in 51.6% (31 of 
60) of cases had at least two-fold lower expres-
sion of cir-ITCH compared with noncancerous 
tissues (Figure 1D). We further determined the 
correlation between cir-ITCH expression and 
clinical pathological factors. The related demo-
graphic and clinicopathological information 
was retrospectively obtained from patient med-
ical records. As shown in Table 1, cir-ITCH was 
significantly associated with several factors, 
including tumor size, WHO grade and Karnofsky 
Performance Status (KPS). However, no signifi-
cant correlations were observed between ITCH 
expression and other clinicopathological fac-
tors, such as gender, age, and weight loss.

Table 1. Clinical characteristics of 60 glioma 
patients and the expression of cir-ITCH

Characteristics Case Cir-ITCH
Median (range) P

Gender 0.880
    Male 33 0.27 (0.01-1.13)
    Female 27 0.24 (0.02-0.86)
Age (years) 0.259
    <60 28 0.19 (0.03-0.72)
    ≥60 32 0.28 (0.01-1.13)
Tumor size 0.020
    <5 cm 35 0.12 (0.04-1.09)
    ≥5 cm 25 0.27 (0.06-1.13)
WHO grade <0.001
    I 11 0.08 (0.01-0.65)
    II 8 0.17 (0.08-0.78)
    III 17 0.25 (0.07-1.09)
    IV 24 0.39 (0.16-1.13)
KPS 0.017
    <90 42 0.16 (0.01-0.93)
    ≥90 18 0.31 (0.05-1.13)
Weight loss 0.054
    <3 kg 25 0.26 (0.01-1.06)
    ≥3 kg 35 0.15 (0.02-1.13)
KPS: Karnofsky Performance Status.
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Decreased cir-ITCH expression is associated 
with poor prognosis of glioma patients

After having identified the downregulation of 
ITCH in glioma tissues. We further investigated 
its clinical diagnostic value. Receiver operation 
curve (ROC) analysis showed that area under 
the ROC curve (AUC) of ITCH was 0.757 (95% CI: 
0.670-0.830) and the diagnostic sensitivity 
and specificity reached 75.00% and 68.33%, 
respectively (Figure 2A). We also determined 
the diagnostic value of the common used bio-
marker for glioma, MMP-9. We found that the 
AUC of MMP-9 was 0.684 (95% CI: 0.593-
0.766), and diagnostic sensitivity and specifici-

ty were 71.67% and 58.33%, respectively 
(Figure 2B). The AUC of cir-ITCH was higher 
than MMP-9, suggesting a relatively high diag-
nostic efficacy of cir-ITCH for glioma patients. 

On the basis of the cut-off established by the 
ROC analysis (0.36), we divided the 60 patients 
into a high-ITCH expressing group and a low-
ITCH expressing group. Kaplan-Meier survival 
curve showed that patients in the low-ITCH 
expressing group was significantly correlated 
with poor overall survival (OS) and progressive-
free survival (PFS) (Figure 2C and 2D). 
Furthermore, we performed Cox regression uni-
variate/mutivariate analysis to identify whether 

Figure 2. Decreased cir-ITCH expression is associated with poor prognosis of glioma patients. (A, B) ROC curve 
analysis was performed to investigate the diagnostic value of cir-ITCH (A) and MMP-9 (B) for glioma patients. (C, 
D) Kaplan-Meier curves for overall survival (C) and progressive-free survival (D) were drawn according to cir-ITCH 
expression in 60 primary glioma tissues and were analyzed by using log-rank test. 
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cir-ITCH was an independent indicator for OS of 
glioma patients. As shown in Table 2, ITCH 
expression level and WHO grade maintained 
their significance as independent prognostic 
factors for OS of glioma patients.

Cir-ITCH plays a tumor-suppressive role in 
glioma cells 

To evaluate the functional role of cir-ITCH in gli-
oma, we constructed the cir-ITCH overexpress-
ing plasmid with circular frame and cir-ITCH 
sequence, and found cir-ITCH could be signifi-
cantly overexpressed in U87 and U251 cells 
(Figure 3A). We then evaluated the role of cir-
ITCH on cell proliferation, apoptosis, migration 
and invasion. MTT assay showed that overex-
pression of cir-ITCH significantly suppressed 
cell proliferation when compared with control 
vector in both cell lines (Figure 3B). Similarly, 
enhanced expression of cir-ITCH decreased the 
number of formed colonies, and promoted the 
number of apoptotic cells (Figure 3C and 3D). 
In addition, cir-ITCH significantly inhibited the 
wound healing ability of glioma cells (Figure 
3E). Matrigel invasion assay showed that upreg-
ulation of cir-ITCH noticeably suppressed inva-
sive and migratory capabilities of glioma cells 
(Figure 3F). Finally, we determined whether cir-
ITCH regulated EMT process. As expected, 
E-cadherin protein was significantly upregulat-
ed while vimentin proteins were inhibited in gli-
oma cells overexpressed with cir-ITCH (Figure 
3G). Collectively, we demonstrated that cir-ITCH 
plays a tumor-suppressive function in glioma 
cells.

Cir-ITCH positively regulates ITCH gene expres-
sion in glioma cells

To investigate the underlying regulatory mecha-
nism of cir-ITCH in glioma, we focus on the 

We detected the expression of of ITCH mRNA 
expression, and found that ITCH mRNA was 
downregulated in the same cohort of glioma tis-
sues (Figure 4A). More importantly, Spearman 
correlation analysis suggested that cir-ITCH 
was positively correlated with ITCH mRNA 
expression (Figure 4B). In addition, ITCH was 
also downregulated in glioma cell lines at both 
transcript and protein level (Figure 4C). More 
importantly, ITCH was dramatically upregulated 
in glioma cells after transfection of cir-ITCH 
overexpression vector (Figure 4D). However, 
knockdown of ITCH showed no significant effect 
on cir-ITCH expression (Figure 4E and 4F). 
These suggest that cir-ITCH positively regulate 
ITCH expression in a non-reciprocal way.

Cir-ITCH directly binds to miR-214, which pro-
motes ITCH expression in glioma cells 

It is identified that circRNAs function mainly as 
miRNA sponges to bind functional miRNAs and 
then regulate gene expression, we next exam-
ined the potential miRNAs associated with cir-
ITCH. By using miRanda (http://www.microrna.
org/) and TargetScan (http://www.targetscan.
org/), we identified several miRNAs that con-
tains complementary sequence to both cir-ITCH 
and 3’-UTR region of ITCH, including miR-216b, 
miR-17, miR-214, miR-7, and miR-128 (Table 3). 
Subsequently, luciferase reporter assay was 
performed to find the miRNA(s) that directly 
interacted with cir-ITCH and ITCH. As shown in 
Figure 5A, miR-214 was significantly upregu-
lated in glioma cells transfected with miR-214 
mimics. Co-transfection experiments showed 
that cells transfected with miR-214 had signifi-
cantly inhibited luciferase activity of wild type 
reporter for both cir-ITCH and ITCH, however, 
miR-214 did not inhibit the luciferase activity of 
reporter vector containing the mutant binding 
sites of cir-ITCH or ITCH (Figure 5B and 5C), 

Table 2. Univariate and multivariate Cox proportional hazards regres-
sion model analysis of OS in glioma patients
Character-
istics

Univariate analysis Multivariate analysis
HR 95% CI P value HR 95% CI P value

Gender 1.031 0.682-3.090 0.378
Age 1.491 0.698-3.652 0.112
Tumor size 1.433 0.701-2.999 0.330
KPS 2.042 1.018-3.731 0.034 2.409 1.301-4.502 0.060
WHO grade 3.683 1.459-7.762 0.032 3.630 1.490-7.558 0.033
cir-ITCH 3.381 1.132-4.569 0.008 2.326 1.204-5.431 0.007
KPS: Karnofsky Performance Status.

potential downstream tar-
get. It is reported that cir-
ITCH is aligned in a sense 
orientation to the known 
protein-coding gene, ITCH, 
a member of the E3 ubiqui-
tin ligases and commonly 
functions as a tumor-sup-
pressor gene [13-15]. Hen-
ce, we hypothesized that 
cir-ITCH might exerts its tu- 
mor-suppressive role throu- 
gh promoting the function 
of its linear isomer ITCH. 
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Figure 3. cir-ITCH plays an anti-oncogenic role in glioma cells. (A) cir-ITCH was dramatically upregulated in glioma cells by transfection with cir-ITCH overexpression 
plasmid. (B) MTT assay was performed to evaluate the effect of cir-ITCH on cell proliferation, and enhanced cir-ITCH significantly suppressed cell viability in both 
U87 and U251 cells. (C) Colony formation assay showed that overexpression of cir-ITCH inhibited the colony formation capacity of glioma cells. (D) FACS apoptosis 
assay showed that cir-ITCH promoted the number of apoptotic glioma cells. (E, F) Wound healing assay (E) and Matrigel invasion assay (F) showed that cir-ITCH 
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while the other four miRNAs showed no signifi-
cant difference (date not shown). Take a step 
further, we used cir-ITCH specific probe to per-
form RNA precipitation (RIP), to validate that 
miR-214 actually binding with cir-ITCH. We puri-
fied the cir-ITCH-associated RNAs by cir-ITCH 

of specific miR-214 mimics and ITCH siRNAs. 
As expected, the results indicated that the 
inhibited capacities of cell proliferation and 
invasion induced by cir-ITCH overexpression 
was partially reversed by co-transfection of 
miR-214 mimics or si-ITCH (Figure 6C and 6D). 

suppressed the migratory and invasive abilities of glioma cells, respectively. (G) Western blotting suggested that  
cir-ITCH promoted E-cadherin protein expression, but suppressed vimentin protein level. *, P<0.05; **, P<0.01;  
***, P<0.001. 

Figure 4. cir-ITCH positively regulates the expression level of linear isomer 
ITCH. A. RT-qPCR showed that ITCH mRNA was significantly downregulated 
in primary glioma tissues compared with noncancerous tissues. B. Spear-
man correlation testing suggested that cir-ITCH expression was positively 
correlated with ITCH mRNA expression level. C. Both transcript and protein 
level of ITCH was downregulated in most glioma cells lines compared to 
normal glial cell line M059K. D. Linear ITCH gene was upregulated at both 
mRNA and protein level by transfection with cir-ITCH overexpression vector 
in both glioma cell lines. E. Linear ITCH level was dramatically silenced by 
transfection with specific siRNA. F. cir-ITCH was not influenced by ITCH gene. 
*, P<0.05; **, P<0.01.

specific probe, and then 
screened the miRNAs that 
were pulled down by cir-ITCH 
with RT-qPCR assay. As expect-
ed, we found a specific enrich-
ment of cir-ITCH and miR-214 
as compared to the controls in 
U87 cells (Figure 5D and 5E), 
while the other miRNAs show- 
ed no enrichment (date not 
shown), indicating that cir-ITCH 
specifically interacts with miR-
214 in glioma cells. Further- 
more, we determined whether 
the sponge of miR-214 by cir-
ITCH released ITCH. RIP experi-
ment was performed and the 
results showed that the enrich-
ment of ITCH and miR-214 was 
significantly decreased in glio-
ma cells transfected with 
p-cirITCH (Figure 5F). Taken 
together, we revealed that cir-
ITCH specifically sponged miR-
214, which released ITCH 
expression.

Cir-ITCH suppresses cell prolif-
eration and invasion through 
sponging miR-214 and pro-
moting ITCH in glioma 

We sought to determine the 
functional mechanism of cir-
ITCH in glioma cells. RT-qPCR 
showed that miR-214 was sig-
nificantly upregulated in prima-
ry glioma tissues and cell lines 
(Figure 6A and 6B). To investi-
gate the role of miR-214 and 
ITCH during cir-ITCH mediated 
anti-oncogenic function, we 
performed gain and loss func-
tional assays by cotransfection 
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Table 3. The sequence of the predicted miRNA binding sites on the 3’UTR region of ITCH and cir-ITCH
microRNA miRNA binding sites 3’UTR miRNA binding sites in cir-ITCH
miR-17 CAUUAUUAACUGAUUAAUGCACUUUG CAAAGUGCUUACAGUGCAGGUAG
miR-7 GUGGCCACAUGUAUAUGUCUUCCC UGAGGUAGUAGGUUGUAUAGUU
miR-214 UGUAUAUGUCUUCCCUGCUGU ACAGCAGGCACAGACAGGCAGU
miR-216b CCUACAAUAUUUACUAGAGAUUU AAAUCUCUGCAGGCAAAUGUGA
miR-128 UACAAACAAUGUUAACACUGUGA UCACAGUGAACCGGUCUCUUU

Figure 5. Cir-ITCH directly binds to miR-214, which promotes ITCH expression in glioma cells. A. miR-214 was over-
expressed by transfection with miR-214 mimics. B. Luciferase reporter assay showed that miR-214 targets the wild-
type but not the mutant cir-ITCH in U87 cells. C. MiR-214 targets the wild-type but not the mutant 3’UTR of ITCH in 
U87 cells. D. cir-ITCH in U87 cell lysis was pulled down and enriched with cir-ITCH specific probe and then detected 
by RT-qPCR. E. miR-214 in U87 cell lysis was pulled down and enriched with cir-ITCH specific probe and then de-
tected by RT-qPCR. F. RIP experiments were performed using the ITCH antibody to immunoprecipitate RNA and a 
primer to detect miR-214, and a significantly decreased enrichment of miR-214 was identified in cells transfected 
with p-cirITCH compared with p-Vector. *, P<0.05; ***, P<0.001. 

As ITCH is involved in the regulation of Wnt/β-
catenin pathway, we determined the effect of 
cir-ITCH on the regulation of Wnt/β-catenin sig-
naling. The β-catenin/T-cell factor (TCF) respon-
sive luciferase reporter assay showed that 
overexpression of cir-ITCH suppressed TCF 
transcriptional activity in glioma cells (Figure 
6E). Western blot experiments showed that cir-
ITCH significantly suppressed the protein level 
of β-catenin, while no change in Wnt3a expres-
sion was shown (Figure 6F). Furthermore, the 
downstream target of β-catenin, c-Myc and 

Cyclin D1 mRNA was also significantly sup-
pressed by cir-ITCH (Figure 6G). To conclude, 
cir-ITCH exerts its anti-oncogenic role in glioma 
through sponging miR-214 and releasing ITCH. 

Discussion

Despite the rapid development of early diagno-
sis and treatment in glioma, invariably, nearly 
all glioma patients finally become chemoresis-
tant and metastatic [17]. It is widely accepted 
that searching new therapeutic targets and 
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better understanding the pathway related to 
cancer initiation and progression is essential 
for improving the prognosis of glioma patients. 
In this study, we focused on a novel gene regu-
lator, circRNA, and validated the downregula-
tion of cir-ITCH in glioma tissues and cells. 
Further, we also uncovered that the decreased 
expression of cir-ITCH was a potential diagnos-
tic and prognostic factor for glioma patients. 
Mechanistic analysis indicated that cir-ITCH 
suppressed the capacity of proliferation, migra-
tion and invasion of glioma cells. More impor-
tantly, we found that cir-ITCH plays a tumor-sup-
pressive role through specifically sponging miR-
214 and releasing ITCH.

The concept of “circular RNA” was first pro-
posed in 1976, Sanger and colleagues found 
that viroids are single-stranded covalently 
closed circRNA molecules pathogenic to cer-
tain higher plants [18]. With the development 
of gene investigations, it is recognized that cir-
cRNAs are widely expressed in human cells, 
and their expression levels can be 10-fold or 
higher compared to their linear isomers [5]. The 
two most important properties of circRNAs are 
highly conserved sequences and a high degree 
of stability in mammalian cells [19]. Compared 
with other noncoding RNA, such as microRNAs 
(miRNAs) and long noncoding RNAs (lncRNAs), 
these properties provide circRNAs with the 
potential to become ideal biomarkers in the 
diagnosis and prognosis of cancers [20, 21]. To 
date, only a few circRNAs have been explored. 
Here, we identified a novel circular RNA termed 
cir-ITCH that was significantly downregulated in 
glioma specimens and correlated with clinical 
prognosis. Cir-ITCH is a circRNA that spans sev-
eral exons of the itchy E3 ubiquitin protein 
ligase gene (ITCH), which is reported to be 
downregulated and involved in the regulation of 
Wnt/β-catenin pathway in esophageal squa-
mous cell carcinoma, colorectal cancer and 
lung cancer [13-15]. Although the expression of 

cir-ITCH was validated in these cancers by 
TaqMan quantitative realtime RT-PCR (qRT-
PCR) systems, further functional studies were 
not carried out. 

To the best of our knowledge, this is the first 
study to identify the expression and functional 
role of cir-ITCH in glioma. Consistent with previ-
ous reports, we revealed that cir-ITCH is signifi-
cant downregulated in glioma tissues and cell 
lines. Furthermore, decreased cir-ITCH expres-
sion is associated with clinical stages, high 
diagnostic accuracy, and correlated poor sur-
vival of glioma patients. As circRNAs are a class 
of endogenous RNAs featuring stable structure 
making them avoid exonucleolytic degradation 
by RNase R, cir-ITCH may serve a novel bio-
marker used for early diagnosis, treatment 
monitoring and prognosis for glioma patients 
[22]. Take a step further, we sought to deter-
mine the underlying mechanism that may 
account for the clinical findings. Cell functional 
assays clearly showed that cir-ITCH suppressed 
cell proliferation, migration and invasion capac-
ity, but promoted the number of apoptotic cells 
of glioma. To further investigate how cir-ITCH 
exerts these functions, we detected the expres-
sion of the linear isomer of cir-ITCH, and found 
that ITCH was significantly upregulated in 
human glioma tissues and cell lines. Moreover, 
a positive correlation of cir-ITCH and ITCH 
expression was identified, indicating that cir-
ITCH may serve as a tumor-suppressor gene 
through promoting ITCH in glioma.

MiRNAs, an abundant class of small noncoding 
RNAs (~22 nt), posttranscriptionally modulate 
the translation of target mRNAs via correspond-
ing miRNA response elements (MRE) [23]. 
Computational searches for miRNA target sites 
in circRNAs identified a portion of circRNA mol-
ecules that contain MREs, which might act as 
miRNA sponge, reducing miRNA binding to its 
target genes, thereby releasing the expression 

Figure 6. Cir-ITCH suppresses cell proliferation and invasion through sponging miR-214 and promoting ITCH in glio-
ma. A. RT-qPCR showed that miR-214 was upregulated in glioma tissues in contrast to adjacent normal tissues. B. 
miR-214 was upregulated in most of the glioma cell lines when compared with human normal glial cell line M059K. 
C. Immunofluorescence analysis by using Ki-67 antibody indicated that the cir-ITCH suppressed of the expression 
level of cell proliferation marker Ki-67 in U87 cells; however, this effect was partially reversed by co-transfection 
with miR-214 mimics and si-ITCH. D. Co-transfection with miR-214 mimics or si-ITCH reversed the cir-ITCH-induced 
suppression of invasive capacity in U87 cells. E. U87 and U251 cells were transfected with cir-ITCH or empty control 
vector; then, a TCF responsive luciferase reporter assay was performed. The luciferase activity was normalized to 
the Renilla luciferase activity. F. The protein levels of Wnt3a and β-catenin were assessed in U87 cells and U251 
cells by western blotting. G. The mRNA level of c-Myc and Cyclin D1 in U87 and U251 cells were detected by RT-qPCR 
after being transfected with cir-ITCH or empty control vector. *, P<0.05.      
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of the miRNA targets indirectly [6, 24-26]. Since 
the first report of circRNA functioning as a 
miRNA sponge, the potential of circRNAs in reg-
ulating cancer-related genes through fine-tun-
ing miRNAs has recently been recognized. For 
example, the first characterized circRNA to sup-
port this model is ciRS-7, which contains more 
than sixty miR-7-binding sites, thereby acting as 
an endogenous miRNA sponge to adsorb and 
subsequently quench normal miR-7 functions 
[27, 28]. More recently, more and more cir-
cRNAs were recognized as miRNA sponges in 
different cancers, such as colorectal cancer, 
gastric cancer, breast cancer and hepatocellu-
lar carcinoma [29-31]. However, this model 
reported in glioma is very limited. Zheng et al 
reported that circ-TTBK2 promotes glioma pro-
gression by regulating miR-217/HNF1b/Derlin-1 
pathway [32]; Nair et al revealed that ciRS-7 is 
downregulated in glioma and negatively corre-
lated with miR-671-5p expression [33]. In this 
study, we identified several miRNAs that 
showed complementary sequence to both cir-
ITCH and 3’-UTR region of ITCH through bioin-
formatic analysis, and miR-214 was finally iden-
tified as the endogenous competing RNA by 
luciferase reporter assay and RIP assay. 
Moreover, the sponge of cir-ITCH to miR-214 
significantly released the targeted silence of 
ITCH by miR-214. Hence, this is the first report 
to identified miR-214 as a sponged miRNA by 
cir-ITCH, which enhanced the depth of the 
research into cir-ITCH in glioma.

After having established the regulatory model 
of cir-ITCH/miR-214/ITCH, we determined to 
verify whether cir-ITCH play an anti-oncogenic 
role through sponging miR-214 and activating 
ITCH. As expected, miR-214 overexpression or 
ITCH knockdown inhibited capacities of cell 
proliferation, migration and invasion induced by 
cir-ITCH. In addition, cir-ITCH also suppressed 
the expression of Wnt/β-catenin pathway, 
which further validated its effect on miR-214 
and ITCH. In conclusion, we reported that cir-
ITCH is downregulated and predicts poor sur-
vival in glioma patients. Moreover, cir-ITCH acts 
as a tumor-suppressor gene through sponging 
miR-214 and thereby promoting the function of 
ITCH.
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