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Recent studies indicate that circular RNA (circRNA) is involved in tumorigenesis, but its role in triple-negative breast
cancer (TNBC) remains largely unknown. In this study, we characterized the role of circ-ITCH in TNBC and found that
circ-ITCH was significantly down-regulated in TNBC tissues and cell lines and closely associated with poor prognosis. We
therefore constructed the MDA-MB-231 and BT-549 TNBC cell lines stably expressing circ-ITCH by lentiviral vectors to
determine its underlying mechanisms in TNBC progression. Most importantly, over-expression of circ-ITCH remarkably
inhibited TNBC proliferation, invasion and metastasis both in vitro and in vivo. Mechanistically, we found that circ-ITCH
acts as a sponge for miR-214 and miR-17 to increase expression of its ITCH linear isoform, thereby inactivating Wnt/[-
catenin signaling. Our combined results show for the first time that circ-ITCH is a tumor suppressor, a promising prognostic
biomarker in TNBC and that its restoration could well be a successful strategy in TNBC.
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Triple-negative breast cancer (TNBC) is aggressive with
the absence of estrogen, progesterone and human epidermal
growth factor receptors and a high risk of distant metastasis
and recurrence [1]. Because of the lack of effective molecular
targeted drugs, the prognosis of TNBC is poor compared
with other breast cancer sub-types [2], and therefore eluci-
dation of the exact pathogenesis underlying TNBC is essen-
tial in improving TNBC patient diagnosis, treatment and
outcome.

Circular RNA (circRNA) is a class of non-coding RNA
characterized by a covalently closed loop with high conser-
vation and stability [3]. Emerging evidence indicates that
circRNA has an important role in cancer development and
progression with different biological functions, including
acting as an miRNA sponge, protein interaction, regula-
tion of gene transcription and translation of new proteins
[4, 5]. “miRNA sponging” is the most studied function of
circRNA and a large number of current studies have reported
that circRNA can sponge miRNA long non-coding RNA in
human cancers [6, 7], thus implying that the circRNA-miRNA
regulatory network participates in cancer pathogenesis.

Circ-ITCH s proposed tobeinvolved in cancer progression
and it is markedly down-regulated in esophageal squamous
cell carcinoma [8], colorectal cancer [9], lung cancer [10],

glioma [11] and bladder cancer [12] This suggests that it is
a tumor suppressor gene and it is reported to interact with
miR-216b, miR-7, miR-214, miR-17 and miR-218 to increase
the expression of its linear isoform ITCH, thus suppressing
canonical Wnt signaling [8, 10, 11]. In addition, circ-ITCH
can elevate expression of the popular p21 and PTEN tumor
suppressors by sponging miR-17 and miR-224 and thus exert
bladder tumor-inhibition [12]. While these confirm that circ-
ITCH has a crucial role in human cancer as miRNA sponges,
its role in TNBC remains unclear.

This study investigates the expression level of circ-ITCH
in TNBC and assesses the clinical significance, biological
function and underlying mechanism of circ-ITCH in TNBC

Materials and methods

Patient tissue specimens. A total of 275 breast cancer
(52 Luminal A, 87 Luminal B, 45 HER-2 *, 91 TNBC) and
68 adjacent normal tissues were collected from Affili-
ated Shaanxi Fourth People Hospital of Peihua University
between January 2008 and December 2013. The histological
type of breast cancer was classified according to 4th edition
WHO classification: 83.3% of no special type (NST)/invasive
ductal carcinoma (IDC), 7.6% special types of invasive breast
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carcinoma and 9.1% of ductal carcinoma in situ (DCIS). The
clinical-pathological features of these patients are summa-
rized in Table 1. No patient received anti-tumor treatment
before surgery, and we obtained informed consent of each
patient before this study. We followed-up patients by phone
or letter, and the deadline for follow-up was September 2017.

Cell culture. The MCF-10A, MCEF-7, T47D, SK-BR-3,
MDA-MB-231 and BT-549) cell lines used in this study were
purchased from ATCC (Manassas, VA, USA). MCF-10A cells
were cultured with DMEM/F12, and other cell lines were
cultured with RPMI1640 or DMEM containing 10% fetal
bovine serum. Cells were incubated at 37 °C with 5% CO,.

Quantitative real-time polymerase chain reaction.
Total RNA was extracted using TRIzol reagent (Invitrogen,
CA, USA) and its quality was determined by Micro-spectro-
photometer. Detection of RNA expression was conducted by
SYBR Premix Ex Taq Kit (Takara, Japan) and the ABI Prism
7500 sequence detection system. GAPDH and U6 were used
as internal controls for circRNA/mRNA and miRNA; respec-
tively. All experiments were in triplicate.

Establishment of circ-ITCH-over-expressing cell
lines. The circ-ITCH ¢cDNA sequence was synthesized and
subcloned into pLO-ciR vector from Geenseed Biotech
Company for its over-expression (Guangzhou, China).
MDA-MB-231 and BT-549 cells were transduced with the
lentiviral vector according to the manufacturer’s instructions
and selected by puromycin.

Table 1. Association of circ-ITCH expression with the clinical parameters
in 91 triple-negative breast cancer patients.

circ-ITCH expression

Total
Parameters (n=91) Low High p-value
(n=46) (n=45)
Age (years)
<40 24 10 14
0.310
>40 67 36 31
Menopause
Yes 43 20 23
0.466
No 48 26 22
Tumor size (cm)
<2 41 15 26
0.016
>2 50 31 19
LN metastasis
Negative 38 13 25
0.008
Positive 53 33 20
TNM stage
I 20 7 13
1I 46 19 27 0.002
I 25 20 5
Histological Grade
1 18 10 8
I 47 20 27 0.267
III 26 16 10

LN = Lymph node

Cell Counting Kit-8. 1x10*cells were seeded in a 96-well
plate and then supplemented with 10ul of CCK-8 solution
from Dojindo Laboratory (Kumamoto, Japan). The absor-
bance at 450nm was tested by microplate reader at the
indicated time. The experiments were repeated three times.

Transwell migration and invasion assay. 2x10° cells were
seeded in the upper chamber of a 24-well plate with matrigel
to assess invasion and cells without migration (BD Biosci-
ences, CA, USA) and 600 ul serum-containing medium was
added into the lower chamber. Cells which did not pass
through in 24 hours were omitted. The migrated or invaded
cells were fixed by paraformaldehyde and then stained and
counted.

Luciferase reporter assay. The sequences of circ-ITCH
containing wild-type or mutant miR-214 and miR-17
binding site were synthesized and sub-cloned into pmirGLO
luciferase reporter vector (Promega) and vectors were then
co-transfected with miR-NC, miR-214 and miR-17 mimics
into MDA-MB-231 and BT-549 cells, respectively. The lucif-
erase activity was determined by the Dual Luciferase Reporter
Assay Kit (Promega). The experiments were repeated three
times.

Western blot. Protein was extracted from cell lines using
RIPA buffer and then separated by SDS-PAGE and blocked
by 5% skimmed milk. Membranes were incubated with
corresponding primary and secondary antibody and visual-
ized by multifunctional gel-imaging.

Immunohistochemistry. Immunohistochemistry (IHC)
was conducted as described previously, and the IHC value
was scored by the semi-quantitative H-score method [13].

Animal studies. A total of twenty 4-6 weeks old female
BALB/c nude mice were divided into four groups (n=>5). The
vector and circ-ITCH-over-expressing MDA-MB-231 cells
were respectively subcutaneously and tail vein injected into
nude mice to establish xenograft and lung metastatic models.
Four weeks later, all mice were euthanized and the tumors
and lungs were collected for IHC and H&E staining.

Statistical analysis. The statistical significance between
circ-ITCH expression and clinical data of TNBC patients
was determined by chi-square test. Group comparisons were
measured by unpaired Student’s t-test or one-way ANOVA.
The survival curve between low- and high-circ-ITCH expres-
sion groups was analyzed by Kaplan-Meier plot and the corre-
lations of circ-ITCH with miR-214 and miR-17 were tested
by Spearman correlation coeflicients. p<0.05 was considered
statistically significant.

Results

Circ-ITCH is significantly down-regulated in TNBC
and correlates with poor TNBC patient outcome. In order
to evaluate the expression of circ-ITCH in breast cancer,
we collected 275 breast cancer (including 52 Luminal A,
87 Luminal B, 45 HER-2* and 91 TNBC) and 68 adjacent
normal tissues. The qRT-PCR results showed that circ-ITCH
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was down-regulated in breast cancer; especially in TNBC
compared to normal tissues (Figure 1A). We then analyzed
correlations between circ-ITCH expression and TNBC
clinical parameters and found that low circ-ITCH expres-
sion was more prone to lymph node metastasis (p=0.008)
(Figure 1B), larger tumor size (p=0.016) and advanced TNM
stage (p=0.002, Table 1). Moreover, the Kaplan-Meier plot
showed that TNBC patients with low circ-ITCH expression
had shorter survival times than those with high circ-ITCH
expression (p=0.01, Figure 1C). These results indicate that
circ-ITCH is a tumor suppressor gene and is important in
TNBC progression.

Over-expression of circ-ITCH inhibits TNBC prolif-
eration, migration and invasion in vitro. We tested the
expression of circ-ITCH in breast cancer cell lines and results
showed that circ-ITCH was significantly down-regulated
in breast cancer cells compared to normal breast epithelial
MCF-10A cells. This was especially noted in TNBC cells
and consistent with tissue qRT-PCR. We then established
the MDA-MB-231 and BT-549 TNBC cell lines stably over-
expressing circ-ITCH and verified their effects (Figure 2B).
CCK-8 determined cell proliferation capacity, with ectopic
circ-ITCH expression suppressing these cells’ prolifera-
tion (Figures 2C-D). Figures 2E and F record the Transwell
assay evaluation of the cells’ ability to migrate and invade;
MDA-MB-231 and BT-549 cells with circ-ITCH over-expres-
sion had stronger invasion and migration ability than those
with the control vector.

Circ-ITCH sponges miR-214 and miR-17 in TNBC.
Previous studies have reported that circ-ITCH acts as a
sponge for miR-216b, miR-7, miR-214, miR-17 and miR-218
to inhibit cancer progression [8, 10, 11]. We therefore investi-
gated if circ-ITCH can also sponge these miRNAs in TNBC.
The expression levels of these five miRNAs were tested in

A B

MDA-MB-231 and BT-549 cells with and without circ-ITCH
over-expression. The qRT-PCR results revealed that circ-
ITCH over-expression dramatically decreases the expres-
sion of miR-214 and miR-17, but not miR-216b, miR-7 and
miR-218 in both these cells (Figures 3A-B). These results
were also confirmed by luciferase reporter assay; that over-
expression of miR-214 and miR-17 remarkably reduced lucif-
erase activity of the wild-type circ-ITCH vector, but not the
mutant variety (Figures 3C-D). In addition, we found that
circ-ITCH negatively correlated with miR-214 (r=-0.398,
p=0.001) and miR-17 (r=-0.464, p<0.001) in TNBC tissues,
(Figures 3E-F).

Circ-ITCH suppresses TNBC progression by regulating
the miR-214/miR-17/ITCH/Wnt/p-catenin axis. To
investigate whether miR-214 and miR-17 are involved
in circ-ITCH-mediated tumor suppression, circ-ITCH-
over-expressing MDA-MB-231 cells were transfected with
miR-214 and miR-17 mimics. Figures 4A-C show that
ectopic expression of miR-214 or miR-17 partly rescues
the decreased proliferation, migratory and invasive ability
caused by circ-ITCH over-expression. Previous studies
revealed that binding miR-214 and miR-17 to the 3> UTR of
ITCH to increase ITCH expression results in Wnt pathway
activation [8]. Thus, circ-ITCH can up-regulate the expres-
sion of its linear isoform ITCH through sponging miR-214
and miR-17. Consistently, western blot results showed that
while ITCH protein expression was markedly increased in
circ-ITCH-over-expressing MDA-MB-231 cells compared to
control cells, B-catenin protein expression had the opposite
trend (Figures 4D-E). We also assessed the well-known
downstream genes of Wnt/p-catenin signaling and found
that over-expression of circ-ITCH decreased Axin2, c-Myc
and Cyclin D1 protein expression (Figures 4D-E). Similarly,
the above effects caused by circ-ITCH over-expression were
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Figure 1. Circ-ITCH is significantly down-regulated in TNBC and correlated with poor prognosis. A) The expression levels of circ-ITCH in Luminal
A (n=52), Luminal B (n=87), HER-2 + (n=45), TNBC (n=91) and adjacent normal tissues (n=68) were tested by qRT-PCR; B) The correlation between
circ-ITCH expression and lymph node metastasis status in 91 TNBC tissues; C) The Kaplan-Meier plot of TNBC patients with low (n=46) and high
(n=45) circ-ITCH expression, the median circZNF609 value was used as cutoff value.
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Figure 2. Overexpression of circ-ITCH inhibits TNBC proliferation, migration and invasion in vitro. A) The expression levels of circ-ITCH in breast
cancer cell lines were measured by qRT-PCR; B) qRT-PCR for MDA-MB-231 and BT-549 cell lines with or without circ-ITCH overexpression; C and D)
CCK-8 assay was used to evaluate proliferative ability of MDA-MB-231 and BT-549 cells with or without circ-ITCH overexpression; E and F) Transwell
assays were conducted to test migratory and invasive ability of MDA-MB-231 and BT-549 cells with or without circ-ITCH overexpression. *p<0.05,
#+p<0.01, **p<0.001.

partly rescued by over-expression of miR-214 or miR-17 Circ-ITCH over-expression inhibits TNBC growth and
(Figures 4C-D). These results suggest that circ-ITCH atten- metastasis in vivo. We established xenograft and lung metas-
uates Wnt/B-catenin signaling by sponging miR-214 and tasis models described in Materials and methods to deter-
miR-17 in TNBC. mine if circ-ITCH exerts its tumor suppressive effect in vivo.
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The results showed that nude mice with circ-ITCH over-
expression presented smaller tumors than those with the
control vector (Figures 5A-B), and the Ki-67 IHC prolifera-
tion index provided confirmation (Figure 5C). Importantly,
the average number of lung nodules was 26 and 7 in the
control vector and circ-ITCH- over-expressing nude mice
(Figure 5D). These findings indicate that circ-ITCH retards
TNBC progression in vivo, and this is consistent with in vitro
and clinical results.

Discussion

CircRNA is an emerging non-coding RNA and is now
attracting greater attention. Considerable studies show that
circRNA is widely expressed in eukaryotic cells with gene-
regulatory potency [14, 15]. CircRNA has high stability,
conservation and tissue/stage-specific expression and is

therefore a potential cancer biomarker [16]. For example,
circFARSA, circ-ANAPC7, circ-PVT1, circ-HIPK3 and
circ-SMARCAS5 were reported diagnostic and prognostic
biomarkers in non-small cell lung cancer [17], acute myeloid
leukemia [18], gastric cancer [19], colorectal cancer [20] and
hepatocellular carcinoma [21]. In this study, we found that
circ-ITCH is closely associated with lymph node metastasis,
advanced TNM stage and TNBC prognosis, thus indicating
that circ-ITCH is a promising prognostic biomarker for
TNBC.

Circ-ITCH is derived from exons 6 to 13 of its linear ITCH
isoform gene. Previous studies have reported that circ-ITCH
is remarkably down-regulated in many cancers, including
colorectal cancer, glioma, lung cancer, bladder cancer, and
esophageal squamous cell carcinoma [8-12, 14]. Analo-
gously, we found that circ-ITCH was significantly decreased
in TNBC tissues and cell lines, implying that circ-ITCH is
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Figure 3. Circ-ITCH acts as a sponge for miR-214 and miR-17. The expression levels of the indicated miRNAs in MDA-MB-231 (A) and BT-549 (B) cells
with or without circ-ITCH overexpression were determined by qRT-PCR; C and D) miR-214 and miR-17 mimics were co-transfected with wild type
and mutant circ-ITCH expression vectors into MDA-MB-231 cells, 24h later, the luciferase activity was detected using the Dual Luciferase Reporter
Assay Kit; E and F) The correlation between circ-ITCH and miR-214 or miR-17 expression in TNBC tissues. *p<0.05, **p<0.01
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a tumor suppressor in most cancers. Although the circRNA
action mechanism in cancers is not clarified, growing
evidence shows that circRNA participates in many biological
processes as competing endogenous RNA (ceRNA) [3, 6].
These include cell proliferation, apoptosis, invasion, senes-
cence and pyroptosis, thus further suggesting that miRNA
has a circRNA-mediated regulatory role. The most famous
circRNA is circRS-7 which has many miR-7 binding sites
[7, 22, 23], and the well-known circ-HIPK3 can bind to
miR-124 [24], miR-558 [25], miR-193a [26] and miR-7 [20]
to sequester these miRNAs from their respective targets. It
is also reported that circ-ITCH sponges different miRNAs,
including miR-216b, miR-7, miR-214, miR-17 and miR-218,
to sequester and suppress their activities in different cancers
[8-12, 14]. In our study, we found that circ-ITCH was
involved in TNBC proliferation, migration and invasion.
Mechanistic studies then showed that circ-ITCH interacts
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with miR-214 and miR-17, but not miR-216b, miR-7 and
miR-218; thus revealing that circRNA different functions rely
on the specific context. Both miR-214 and miR-17 are well-
known oncogenes and are highly expressed in tumors [27,
28]. Our data also showed these two miRNAs were uniformly
up-regulated and negatively correlated with circ-ITCH in
TNBC tissues; miR-214 and miR-17 interacted with the
3" UTR of their common target ITCH to reduce its expres-
sion [8, 10]. ITCH is part of the Nedd4-like E3 family and
it can degrade phosphorylated disheveled entities, thereby
inactivating canonical Wnt signaling [29]. Thus, circ-ITCH
can sponge and inhibit miR-214 and miR-17 activities to
increase ITCH expression, thereby attenuating the activity
of Wnt/p-catenin signaling to inhibit TNBC development
and progression. This is confirmed in rescue assays, and it
indicates that the circRNA-miRNA regulatory network has a
key role in TNBC pathogenesis.
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Figure 4. The tumor-inhibitory effects caused by circ-ITCH overexpression were partially rescued by overexpression of miR-214 or miR-17. A-C) The
CCK-8 and transwell migration and invasion assays for circ-ITCH-overexpressing MDA-MB-231 cells transfected with miR-214 or miR-17 mimics;
D and E) The protein expression levels of Wnt3a, ITCH and p-catenin, Axin2, c-Myc and Cyclin D1 in circ-ITCH-overexpressing MDA-MB-231 cells
transfected with miR-214 or miR-17 mimics were measured by western blot. GAPDH was used as the internal control; *p<0.05.
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Figure 5. Overexpression of circ-ITCH suppresses TNBC growth and metastasis in vivo. A) The representative images of nude mice with or without
circ-ITCH overexpression, the red arrows indicate tumors; B) The tumor volume of nude mice with or without circ-ITCH overexpression; C) The rep-
resentative images of Ki-67 IHC of nude mice with or without circ-ITCH overexpression; D) The representative images of nude mice lung nodules with
or without circ-ITCH overexpression. T indicates tumors. *p<0.05, **p<0.01, **p<0.001.

To the best of our knowledge, this is the first study inves-
tigating circ-ITCH’s role in TNBC. Our research estab-
lished that circ-ITCH is a tumor suppressor and a promising
prognostic biomarker for TNBC, and results also revealed
that circ-ITCH inhibits TNBC progression by inactivating
the Wnt/p-catenin pathway through regulation of the
miR-214/ miR-17/ITCH axis. Further studies, however, are
warranted to explore its role in other diseases.

References

(1]

VALLEJOS CS, GOMEZ HL, CRUZ WR, PINTO JA, DYER
RR et al. Breast cancer classification according to immuno-
histochemistry markers: subtypes and association with clini-
copathologic variables in a peruvian hospital database. Clin
Breast Cancer 2010; 10: 294-300. https://doi.org/10.3816/
CBC.2010.n.038

KALIMUTHO M, PARSONS K, MITTAL D, LOPEZ JA,
SRIHARI S et al. Targeted Therapies for Triple-Negative
Breast Cancer: Combating a Stubborn Disease. Trends
Pharmacol Sci 2015; 36: 822-846. https://doi.org/10.1016/j.
tips.2015.08.009

(3]

KRISTENSEN LS, HANSEN TB, VENO MT, KJEMS ]. Cir-
cular RNAs in cancer: opportunities and challenges in the
field. Oncogene 2018; 37: 555-565. https://doi.org/10.1038/
onc.2017.361

HAN B, CHAO J, YAO H. Circular RNA and its mecha-
nisms in disease: From the bench to the clinic. Pharmacol
Ther 2018; 187: 31-44. https://doi.org/10.1016/j.phar-
mthera.2018.01.010

WILUSZ JE. A 360 degrees view of circular RNAs: From
biogenesis to functions. Wiley Interdiscip Rev RNA 2018; 9:
e1478. https://doi.org/10.1002/wrna.1478

ZHONG Y, Du Y, YANG X, MO Y, FAN C et al. Circular
RNAs function as ceRNAs to regulate and control human
cancer progression. Mol Cancer 2018; 17: 79. https://doi.
org/10.1186/s12943-018-0827-8

HANSEN TB, JENSEN TI, CLAUSEN BH, BRAMSEN ]B,
FINSEN B et al. Natural RNA circles function as efficient
microRNA sponges. Nature 2013; 495: 384-388. https://doi.
org/10.1038/nature11993

LI F ZHANG L, LI W, DENG J, ZHENG ] et al. Circular
RNA ITCH has inhibitory effect on ESCC by suppressing the
Wnt/beta-catenin pathway. Oncotarget 2015; 6: 6001-6013.
https://doi.org/10.18632/oncotarget.3469


https://doi.org/10.1038/onc.2017.361
https://doi.org/10.1038/onc.2017.361
https://doi.org/10.1016/j.pharmthera.2018.01.010
https://doi.org/10.1016/j.pharmthera.2018.01.010
https://doi.org/10.1002/wrna.1478
https://doi.org/10.1186/s12943-018-0827-8
https://doi.org/10.1186/s12943-018-0827-8
https://doi.org/10.1038/nature11993
https://doi.org/10.1038/nature11993
https://doi.org/10.18632/oncotarget.3469
https://doi.org/10.3816/CBC.2010.n.038
https://doi.org/10.3816/CBC.2010.n.038
https://doi.org/10.1016/j.tips.2015.08.009
https://doi.org/10.1016/j.tips.2015.08.009

CIRC-ITCH IN TRIPLE-NEGATIVE BREAST CANCER

239

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

HUANG G, ZHU H, SHI Y, WU W, CAI H et al. cir-ITCH
plays an inhibitory role in colorectal cancer by regulating
the Wnt/beta-catenin pathway. PLoS One 2015; 10: e131225.
https://doi.org/10.1371/journal.pone.0131225

WAN L, ZHANG L, FAN K, CHENG ZX, SUN QC et al. Cir-
cular RNA-ITCH Suppresses Lung Cancer Proliferation via
Inhibiting the Wnt/beta-Catenin Pathway. Biomed Res Int
2016; 2016: 1579490. https://doi.org/10.1155/2016/1579490
LI E MA K, SUN M, SHI S. Identification of the tumor-
suppressive function of circular RNA ITCH in glioma cells
through sponging miR-214 and promoting linear ITCH ex-
pression. Am J Transl Res 2018; 10: 1373-1386.

YANG C, YUAN W, YANG X, LI P, WANG ] et al. Circu-
lar RNA circ-ITCH inhibits bladder cancer progression by
sponging miR-17/miR-224 and regulating p21, PTEN ex-
pression. Mol Cancer 2018; 17: 19. https://doi.org/10.1186/
$12943-018-0771-7

ZENG K, CHEN X, HU X, LIU X, XU T et al. LACTB, a
novel epigenetic silenced tumor suppressor, inhibits colorec-
tal cancer progression by attenuating MDM2-mediated p53
ubiquitination and degradation. Oncogene 2018. https://doi.
org/10.1038/s41388-018-0352-7

HOLDT LM, KOHLMAIER A, TEUPSER D. Molecular
roles and function of circular RNAs in eukaryotic cells. Cell
Mol Life Sci 2018; 75: 1071-1098. https://doi.org/10.1007/
s00018-017-2688-5

NG WL, MOHD MT, SHUKLA K. Functional role of circu-
lar RNAs in cancer development and progression. RNA
Biol 2018. https://doi.org/10.1080/15476286.2018.148
6659

RYBAK-WOLF A, STOTTMEISTER C, GLAZAR P, JENS
M, PINO N et al. Circular RNAs in the Mammalian Brain Are
Highly Abundant, Conserved, and Dynamically Expressed.
Mol Cell 2015; 58: 870-885. https://doi.org/10.1016/j.mol-
cel.2015.03.027

HANG D, ZHOU J, QIN N, ZHOU W, MA H et al. A novel
plasma circular RNA circFARSA is a potential biomarker for
non-small cell lung cancer. Cancer Med 2018; 7: 2783-2791.
https://doi.org/10.1002/cam4.1514

CHEN H, LIU T, LIU J, FENG Y, WANG B et al. Circ-
ANAPCY7 is Upregulated in Acute Myeloid Leukemia and
Appears to Target the MiR-181 Family. Cell Physi ol Biochem
2018; 47: 1998-2007. https://doi.org/10.1159/000491468

(19]

(20]

(21]

[22]

(23]

(24]

(25]

(26]

(27]

(28]

[29]

CHEN J, L1Y, ZHENG Q, BAO C, HE J et al. Circular RNA
profile identifies circPVT1 as a proliferative factor and prog-
nostic marker in gastric cancer. Cancer Lett 2017; 388: 208-
219. https://doi.org/10.1016/j.canlet.2016.12.006

ZENG K, CHEN X, XU M, LIU X, HU X et al. CircH-
IPK3 promotes colorectal cancer growth and metastasis by
sponging miR-7. Cell Death Dis 2018; 9: 417. https://doi.
org/10.1038/s41419-018-0454-8

YU J, XU QG, WANG ZG, YANG Y, ZHANG L et al. Cir-
cular RNA ¢SMARCAS5 inhibits growth and metastasis in
hepatocellular carcinoma. ] Hepatol 2018; 68: 1214-1227.
https://doi.org/10.1016/j.jhep.2018.01.012

MEMCZAK S, JENS M, ELEFSINIOTI A, TORTI E
KRUEGER ] et al. Circular RNAs are a large class of animal
RNAs with regulatory potency. Nature 2013; 495: 333-338.
https://doi.org/10.1038/nature11928

ZHENG XB, ZHANG M, XU MQ. Detection and charac-
terization of ciRS-7: a potential promoter of the develop-
ment of cancer. Neoplasma 2017; 64: 321-328. https://doi.
org/10.4149/neo_2017_301

ZHENG Q, BAO C, GUO W, LI S, CHEN J et al. Circular
RNA profiling reveals an abundant circHIPK3 that regulates
cell growth by sponging multiple miRNAs. Nat Commun
2016; 7: 11215. https://doi.org/10.1038/ncomms11215

LI Y, ZHENG FE XIAO X, XIE F, TAO D et al. CircHIPK3
sponges miR-558 to suppress heparanase expression in blad-
der cancer cells. EMBO Rep 2017; 18: 1646-1659. https://
doi.org/10.15252/embr.201643581

LIU X, LIU B, ZHOU M, FAN E, YU M et al. Circular RNA
HIPK3 regulates human lens epithelial cells proliferation and
apoptosis by targeting the miR-193a/CRYAA axis. Biochem
Biophys Res Commun 2018; 503: 2277-2285. https://doi.
0rg/10.1016/j.bbrc.2018.06.149

DETTORI D, ORSO F, PENNA E, BARUFFALDI D, BRUN-
DU S et al. Therapeutic Silencing of miR-214 Inhibits Tumor
Progression in Multiple Mouse Models. Mol Ther 2018; 26:
2008-2018. https://doi.org/10.1016/j.ymthe.2018.05.02

HU T, CHONG Y, QIN H, KITAMURA E, CHANG CS et
al. The miR-17/92 cluster is involved in the molecular etiol-
ogy of the SCLL syndrome driven by the BCR-FGFRI chi-
meric kinase. Oncogene 2018; 37: 1926-1938. https://doi.
org/10.1038/s41388-017-0091-1

WEI'W, LI M, WANG J, NIE E LI L. The E3 ubiquitin ligase
ITCH negatively regulates canonical Wnt signaling by target-
ing dishevelled protein. Mol Cell Biol 2012; 32: 3903-3912.
https://doi.org/10.1128/MCB.00251-12


https://doi.org/10.1371/journal.pone.0131225
https://doi.org/10.1155/2016/1579490
https://doi.org/10.1186/s12943-018-0771-7
https://doi.org/10.1186/s12943-018-0771-7
https://doi.org/10.1038/s41388-018-0352-7
https://doi.org/10.1038/s41388-018-0352-7
https://doi.org/10.1007/s00018-017-2688-5
https://doi.org/10.1007/s00018-017-2688-5
https://doi.org/10.1080/15476286.2018.1486659
https://doi.org/10.1080/15476286.2018.1486659
https://doi.org/10.1016/j.molcel.2015.03.027
https://doi.org/10.1016/j.molcel.2015.03.027
https://doi.org/10.1002/cam4.1514
https://doi.org/10.1159/000491468
https://doi.org/10.1016/j.canlet.2016.12.006
https://doi.org/10.1038/s41419-018-0454-8
https://doi.org/10.1038/s41419-018-0454-8
https://doi.org/10.1016/j.jhep.2018.01.012
https://doi.org/10.1038/nature11928
https://doi.org/10.4149/neo_2017_301
https://doi.org/10.4149/neo_2017_301
https://doi.org/10.1038/ncomms11215
https://doi.org/10.15252/embr.201643581
https://doi.org/10.15252/embr.201643581
https://doi.org/10.1016/j.bbrc.2018.06.149
https://doi.org/10.1016/j.bbrc.2018.06.149
https://doi.org/10.1016/j.ymthe.2018.05.02
https://doi.org/10.1038/s41388-017-0091-1
https://doi.org/10.1038/s41388-017-0091-1
https://doi.org/10.1128/MCB.00251-12

