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Abstract: Long non-coding RNAs (IncRNAs) serve critical roles in the tumorigenesis and development of multiple hu-
man malignancies. Herein, we aimed to explore the biological and clinical significance of IncRNA CRNDE in human
breast cancer (BC). The expression of CRNDE in BC tissues and cell lines was detected, and the association between
CRNDE expression and clinicopathologic features of BC patients was also analyzed. Novel targets of CRNDE were
identified through a bioinformatics search and confirmed using a dual-luciferase reporter system. Gain and loss-of-
function studies were carried out to verify whether CRNDE exerts its biological functions through its downstream
target. CCK-8, colony formation, wound-healing, and transwell assays were applied to detect the altered phenotypes
of BC cell lines in vitro after transfection. Tumor xenografts were created to detect the function of CRNDE in vivo
tumorigenesis. CRNDE expression is remarkably up-regulated in BC tissue specimens and cell lines in comparison
to corresponding normal tissues and normal human breast epithelial cells. Up-regulated CRNDE expression was
greatly associated with larger tumor size, advanced TNM stage and unfavorable prognosis of BC patients. We un-
covered that miR-136 is a bona fide binding target of CRNDE, and that up-regulation of CRNDE promoted the mRNA
and protein expressions of B-catenin, c-myc and cyclinD1. Overexpressed CRNDE facilitated in vitro cell proliferation,
migration and invasion of BC cells. In vivo assay showed that the average tumor volume and weight were largest in
the group of CRNDE overexpression. CRNDE might hyperactivate the Wnt/B-catenin signaling pathway through di-
rectly repressing miR-136 expression in BC; CRNDE could be considered as a prognostic biomarker and therapeutic
target in BC diagnosis and treatment.

Keywords: Breast cancer, CRNDE, microRNA-136, Wnt/f-catenin signaling pathway, cell proliferation, tumorigen-
esis, prognosis

Introduction Recent articles have suggested that more than

90% of the transcripts from the human genome

Breast cancer (BC) is featured as one of the
most wide spread malignant tumors and the
main reason of cancer-related death among
female population around the world [1]. In USA,
one in eight women will develop BC in her life-
time and approximately 230,000 new cases
and 40,000 BC-associated deaths occurred in
2013 [2]. In spite of great advances in diagnos-
tic and therapeutic strategies during the past
decades, morbidity and mortality of BC still
remain high. Accordingly, it is of critical impor-
tance for us to elucidate novel mechanisms
correlated to BC development and establish
promising therapeutic targets for BC treat-
ment.

could not code for proteins [3]. Long noncoding
RNAs (IncRNAs), a kind of non-protein coding
transcripts more than 200 nucleotides in
length, are widely expressed in human cells and
serve crucial roles in various biological events,
such as cell-cycle regulation [4], genomic
expression [5], and cell differentiation [6].
Recently, mounting evidence revealed that
aberrant expression of INcCRNAs might be close-
ly associated with multiple types of tumors [7].
As a well-known member of IncRNAs, CRNDE
(Colorectal neoplasia differentially expressed),
located on the long arm of chromosome 16
(16912.2) of the human genome, was originally
identified as an IncRNA in human colorectal
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cancer [8]. In a wide range of human malignant
diseases, such as glioma [9, 10], ovarian can-
cer [11] and hepatocellular carcinoma [12],
CRNDE expression is evidently increased and is
closely correlated with unfavorable survival and
aggressive clinical features. However, the
expression profiles and biological functions of
CRNDE in BC remain largely elusive.

The Wnt family, which contains 19 glycopro-
teins, is frequently implicated in cell prolifera-
tion [13], differentiation [14] and migration
[15]. The Wnt signaling pathway, which could be
divided into the canonical pathway and the
noncanonical pathway, has been extremely well
studied in the past decades. As an element of
intracellular signal transduction, B-catenin is
regarded as one of the leading components in
the cadherin protein complex and is critical for
the modulation of the Wnt/B-catenin signaling
pathway [16]. In addition, Shao et al. reported
that in renal cell carcinoma, CRNDE is signifi-
cantly up-regulated and exerts its functions
through regulating Wnt/B-catenin signaling
pathway [17]. However, it is still unclear about
the correlation between Wnt/B-catenin signal-
ing pathway and CRNDE expression in BC.

Recently, accumulating articles revealed that
one potential function of IncRNAs was to direct-
ly interact with microRNAs (miRNAs) as a
sponge and regulate their expression and activ-
ity [18, 19]. MiRNAs, a class of short (18-24 nt),
single stranded and noncoding RNA molecules,
are involved in regulating gene transcription
and expression via directly binding with the tar-
get mRNAs [20]. For example, Wang et al. dem-
onstrated that miR-326, regulated by HOTAIR,
could modulate cell proliferation and migration
via targeting phox2a in lung cancer [21].

The present article aimed to explore the under-
lying mechanisms of CRNDE function in BC.
Moreover, we predicted that CRNDE could mod-
ulate the Wnt/B-catenin signaling pathway
through directly inhibiting miR-136 to exert its
oncogenic function in BC cells.

Materials and methods
Tissue samples
BC tissue samples and their matched non-can-

cerous tissue samples, dissected at least 2 cm
away from the tumor border, were randomly col-
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lected from a total of 103 patients who were
diagnosed as BC and had underwent complete
or partial surgical resection in The Eighth
People’s Hospital of Shanghai. All samples
were histologically verified via two clinical
pathologists with at least five years experienc-
es. None of patients underwent chemotherapy
or postmenopausal hormone therapy prior to
surgery. The fresh tissue specimens were col-
lected and frozen in liquid nitrogen tanks after
they were removed from the body immediately
and stored at -80°C. Prior to enroliment, writ-
ten informed consent was obtained from each
participant. Research Ethics Board of The
Eighth People’s Hospital of Shanghai approved
this study procedure.

Cell lines and cell culture

One normal breast epithelial cell line (HBL-100)
and four human BC cell lines (MCF-7, MDA-
MB-231, MDA-MB-468 and BT-549) were
obtained from the Institute of Biochemistry and
Cell Biology of Chinese Academy of Sciences
(Shanghai, China). Cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM;
Gibco, Carlsbad, CA, USA) supplemented with
100 U/mL penicillin/streptomycin (Invitrogen,
Shanghai, China) and 10% fetal bovine serum
(FBS; Gibco) in a humidified culture chamber of
5% CO, at 37°C.

Cell transfection

A full-length CRNDE sequence was synthesized
and inserted into pcDNA3.1 vector (Invitrogen)
to generated pcDNA3.1-CRNDE. Plasmid vec-
tors (pcDNA3.1-CRNDE and pcDNA3.1-NC)
were prepared using DNA Midiprep or Midiprep
kits (Qiagen, Hilden, Germany). siRNA for
CRNDE and scrambled control siRNA (si-NC)
were acquired from Invitrogen. MiR-136 mimic
was purchased from Dharmacon (Lafayette,
USA). When reaching approximately 80% con-
fluence, MDA-MB-231 cells were transfected
with plasmid vectors, mimic or siRNA using
Lipofectamine 2000 reagent (Invitrogen) as
recommended by the manufacturer’s protocol.
48 h after transfection, cells were harvested
for further analyses.

Luciferase assay

Potential IncRNA targets were predicted and
analyzed by using starBase v2.0 (http://star-
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Table 1. The sequences of primers used for
gRT-PCR
Gene name Primer sequences
CRNDE
Forward 5-ATATTCAGCCGTTGGTCTTTGA-3’
Reverse 5-TCTGCGTGACAACTGAGGATTT-3’
miR-136
Forward 5-CGCCACTCCATTTGTTTTGA-3’
Reverse 5-GTGCAGGGTCCGAGGT-3’
B-catenin
Forward 5-AAAGCGGCTGTTAGTCACTGG-3’
Reverse 5-GACTTGGGAGGTATCCACATCC-3’
c-myc
Forward 5’-ATGGCCCATTACAAAGCCG-3’
Reverse 5-TTTCTGGAGTAGCAGCTCCTAA-3’
cyclinD1
Forward 5-GCTGCGAAGTGGAAACCATC-3’
Reverse 5’-CCTCCTTCTGCACACATTTGAA-3’
ué
Forward 5-CGGGTTTGTTTTGCATTTCT-3’
Reverse 5-AGTCCCAGCATGAACAGCTT-3’
GAPDH
Forward 5’-TGCACCACCAACTGCTTAGC-3’
Reverse 5-GGCATGGACTGTGGTCATGAG-3’

base.sysu.edu.cn/mirLncRNA.php). The wild-
type CRNDE (WT) and mutant CRNDE (MUT)
containing the seeding site of miR-136 were
established and incorporated into the Firefly
luciferase expressing psiCHECK-2 vector
(Promega, Madison, WI, USA). MDA-MB-231
cells were seeded into a 24-well plate 24 h
before transfection. They were transfected with
0.4 pg of the pMiR-REPORT-CRNDE-WT or
pMiR-REPORT-CRNDE-MUT, 20 pM miR-136
mimic or control oligo, together with 0.02 pg of
the Renilla luciferase vector pRL-TK (Promega),
using Lipofectamine 2000. After 48 h, the lucif-
erase activities were detected consecutively
through Dual-Luciferase® Reporter Assay
System (Promega, Madison, WI, USA) following
the manufacturer’s instructions.

RNA isolation and qRT-PCR

Total RNAs were extracted from tissue samples
and cells using Trizol® Reagent (Invitrogen).
The purity of total RNA was determined through
measuring the absorbance at 260 and 280 nm.
Only samples with an A260:A280 ratio between
1.8 and 2.1 was appropriate for further analy-
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sis. The first-strand cDNA was synthesized from
1 pgof total RNA using the Reverse Transcription
System Kit (Takara, Dalian, China). Quantitation
of IncRNAs and mRNAs was performed using
SYBR® Green PCR Master Mix (Applied
Bsiosystems, USA) on the ABI 7900 Sequence
Detection System (Life Technologies, NY, USA).
For miRNA investigation, total RNA was reverse
transcribed using miRNA specific primers and
stem-loop real-time qPCR was conducted using
Tagman miRNA assays (Applied Biosystems).
GAPDH mRNA and U6 were applied as an inter-
nal standard. Fold changes were calculated by
relative quantification (222°Y) method as de-
scribed previously [22]. The sequences of the
primers, synthesized by Shanghai GenePharma,
Co., Ltd., were recorded in Table 1.

Protein isolation and western blot analysis

Standard western blotting was performed for
protein expression analyses. The cultured
MDA-MB-231 cells were lysed by RIPA buffer
(Beyotime, China) containing protease inhibi-
tors (Sigma, USA) on ice. Protein lysates were
isolated by 10% SDS-PAGE, and then electro-
phoretically transferred onto a PVDF mem-
brane (Millipore, Bedford, MA, USA). The mem-
branes were blocked by 5% skim milk soluted in
TBST buffers and incubated with the specific
primary antibodies against pB-catenin (BD,
Transduction Laboratories, KY, USA), c-myc
(Roche Applied Sciences, Indianapolis, IN, USA)
and cyclinD1 (Santa Cruz Biotechnology, CA,
USA) overnight at 4°C, and probed with the
appropriate horseradish peroxidase (HRP)-
conjugated secondary antibody (Santa Cruz
Biotechnology). B-actin antibody (Calbiochem,
San Diego, CA) was applied as an internal load-
ing control. Chemiluminescent investigation
was conducted using the ECL PlusWestern
Blotting System (Thermo Fisher Scientific,
Waltham, MA). The signal was quantified using
the Image J software (http://rsb.info.nih.gov/ij).

CCK-8 assay

Cell Counting Kit-8 (CCK-8, Beyotime Institute
of Biotechnology, Jiangsu, China) assay was
performed to detect cell proliferation. MDA-
MB-231 cells were seeded into 96-well cell cul-
ture plates. 48 h after transfection, CCK-8 was
added into each well and incubated for another
4 h, and the absorbance was finally investigat-
ed at the wavelength of 450 nm using a micro-
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plate reader (Molecular Devices, Menlo Park,
CA).

Colony formation assay

Approximately 500 cells were plated into 6-well
plates and incubated in DMEM with 10% FBS at
37°C. 10 days later, the cells were fixed, stained
with 0.1% crystal violet and observed.

Transwell assay

Matrigel (BD, Franklin Lakes, NJ, USA) was
diluted with serum-free DMEM, and the mem-
brane was coated with matrigel to form a matrix
barrier. 48 h after transfection, a total of 5 x
10* MDA-MB-231 cells were harvested and
suspended in the upper chamber containing
200 uL serum-free DMEM. In each lower cham-
ber, 500 yL DMEM with 10% FBS was added.
After 24 h incubation and removal of the cells
on the surface of upper chamber, the migrated
or invaded cells were fixed with 4% paraformal-
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Figure 1. CRNDE expression is frequently elevated in
BC. A. Relative expression of CRNDE was determined
in 103 pairs of BC tissues and paired adjacent nor-
mal breast tissues by qRT-PCR and normalized to
GAPDH expression. B. Relative expression of CRNDE
in BC cell lines (MCF-7, MDA-MB-231, MDA-MB-468
and BT-549) and normal breast epithelial cell line
(HBL-100). C. Correlation between CRNDE expres-
sion and overall survival of BC patients through Ka-
plan-Meier analysis and log-rank test. The data are
presented as mean * S.D. from three independent
experiments. ***P < 0.001 as determined by Stu-
dent’s t-test.

dehyde for 10 min, and stained with 0.1% crys-
tal violet (Sigma) in 20% ethanol for 10 min,
and counted in five randomly assigned fields
under a microscope (Olympus, Tokyo, Japan).

Wound-healing assay

48 h after transfection, MDA-MB-231 cells (1 x
108/well) were placed in 6-well plates and cul-
tured overnight. Upon reaching confluency, the
cell layer was scratched manually with a 200 pyL
pipette tip and then immediately washed with
growth medium twice and cultured again. Photo
images of the plates were captured under a
microscope at 0, 12 and 24 h.

Tumor xenografts

Four-week-old female athymic BALB/C nude
mice (Shanghai SLAC Laboratory Animal Co.
Ltd., Shanghai, China) were randomly allocated
into six groups (n=6 per group). 1 x 107 trans-
fected MDA-MB-231 cells were suspended in
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Table 2. Association between CRNDE expression and
clinicopathological characteristics of 103 BC patients

correlation analysis was used to esti-
mate the association between CRNDE

Total CRNDE expression

Characteristics

number Low (n=59) High (n=44)

value

and miR-136 expression. Overall surviv-
al curve was plotted by Kaplan-Meier

P

Age (years)

<55 67 36 31

>55 36 23 13
Menopause

No 39 23 16

Yes 64 36 28
Tumor size (cm)

<25 63 42 21

>25 40 17 23
Histological grade

-1 82 50 32

11 21 9 12
TNM stage

-1 74 48 26

-1V 29 11 18
ER status

Positive 58 31 27

Negative 45 28 17
PR status

Positive 42 20 22

Negative 61 39 22
Her-2 status

Positive 63 36 27

Negative 40 23 17

0.320

0.972

survival analysis and the significance
was compared by the log rank test.
Statistical tests and P-values were two-
sided. A P-value < 0.05 was regarded to

0.786 suggest a statistically significant differ-

ence in this study.

Results

0.016

CRNDE is increased in BC and corre-
lated to aggressive features and poor

0134 prognosis of BC patients

To evaluate CRNDE expression in BC tis-
sues, qRT-PCR was conducted in 103
paired samples of BC patients. Our
results demonstrated that CRNDE
expression in BC tissues was evidently

0.013

0.372 higher than in corresponding non-tumor

tissues (Figure 1A, P < 0.001). In addi-
tion, CRNDE expression was dramati-

01 cally increased in all four BC cell lines

(MCF-7, MDA-MB-231, MDA-MB-468
and BT-549) in comparison toHBL-100
normal breast cell line (Figure 1B, all P <
0.001). The MDA-MB-231 cell line exhib-
ited the highest CRNDE expression and
was thus selected for the subsequent

100 pl PBS and then administrated into the
posterior flank of BALB/C nude mice by subcu-
taneous injection. On the day 26, the mice were
euthanized and their tumors were collected for
analysis. Tumor volumes in mice were calculat-
ed with a slide caliper according to the following
formula: tumor volume (mm?3)=0.5 x length x
width2. All experimental procedures involving
animals were performed following approval by
the Animal Care and Experiment Committee of
The Eighth People’s Hospital of Shanghai.

Statistical analysis

Statistical analysis was carried out using SPSS
16.0 software (SPSS Ltd., UK) and graphs were
generated with Graphpad Prism 6.0 (Graphpad
Software Inc, USA). The relationship between
CRNDE expression and clinicopathological fea-
tures of BC patients were evaluated by the chi-
square test. Comparison of experimental re-
sults was analyzed by Student’s t-test. Pearson

1981

experiments.

The correlations between CRNDE expression
and clinicopathological variables of 103 BC
patients were recorded in Table 2. 103 patients
was allocated into high CRNDE expression
(n=44) and low CRNDE expression (n=59)
according to CRNDE expression levels in their
BC tissues. The results revealed that up-regula-
tion of CRNDE was obviously correlated to
tumor size (P=0.016) and TNM stage (P=0.013),
whereas no significantly correlated to age,
menopause, histological grade, ER status, PR
status and Her-2 status (all P > 0.05).

The prognostic value of CRNDE expression was
determined for OS in 103BC patients through
the Kaplan-Meier method and log-rank test. As
shown in Figure 1C, BC patients with higher
CRNDE expression have significantly shorter
OS than those with lower CRNDE expression
(P=0.022, log-rank test), thus indicating that
there might be a close association between
CRNDE expression and prognosis of BC
patients.

Am J Transl Res 2017;9(4):1977-1989
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Figure 2. CRNDE acts as a molecular sponge for miR-136. A. Alignment of potential CRNDE base pairing with miR-
NA-136 as investigated by Starbase v2.0 (http://starbase.sysu.edu.cn/mirLncRNA.php). B. The relative luciferase
activities were measured in MDA-MB-231 cells. C. miR-136 expression in response to CRNDE overexpression and
CRNDE inhibition was determined by gRT-PCR. D. Expression of miR-136 in 34 pairs of BC tissues and paired adja-
cent normal breast tissues. E. The correlation between CRNDE and miR-136 level was measured in 34BC tissues by
Pearson correlation analysis. The data are presented as mean * S.D. from three independent experiments. ***P <

0.001 as determined by Student’s t-test.

CRNDE acts as a molecular sponge for miR-
136

Through bioinformatics algorithms, we consid-
ered that miR-136 might function as a potential
binding target of CRNDE, and the 5’ region of
miR-136 contains a highly conserved binding
site for CRNDE (Figure 2A). In order to verify the
prediction, we firstly performed a dual lucifer-
ase assay and observed that miR-136 overex-
pression significantly decreased the luciferase
activity of CRNDE-WT but not that of the vector
and CRNDE-MUT in MDA-MB-231 cells (Figure
2B).

Next, we observed that MDA-MB-231cells
transfected with pcDNA3.1-CRNDE exhibited
significantly increased CRNDE expression
(more than 80 folds), and cells transfected with
CRNDE siRNA exhibited obviously reduced
CRNDE expression (more than 3 folds) (Data
not shown). To investigate the interaction of
CRNDE and miR-136, the relative miR-136
expression in MDA-MB-231 cell transfected
with pcDNA3.1-CRNDE, pcDNA3.1-NC, CRNDE
siRNA, and si-NC were detected. As shown in
Figure 2C, pcDNA3.1-CRNDE decreased miR-
136 expression and CRNDE siRNA increased
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miR-136 expression compared to NC, respec-
tively (all P < 0.001). Further experiments dem-
onstrated that overexpression of miR-136 sig-
nificantly also inhibited CRNDE expression, and
the levels of CRNDE were greatly increased in
cells transfected with miR-136 inhibitors (Data
not shown).

Next, we detected miR-136 expression in BC
tissues by gRT-PCR. As shown in Figure 2D,
miR-136 expression was significantly reduced
in BC tissues compared with that in normal tis-
sues (P < 0.01). Furthermore, we assessed the
correlation between CRNDE and miR-136 ex-
pression in 34BC tissues, and the results indi-
cated that CRNDE and miR-136 expression
exhibited a remarkably negative correlation by
Pearson correlation analysis (r?=0.179, P=
0.013) (Figure 2E). Although the interaction
between CRNDE and miR-136 was confirmed,
the biological behaviors of BC cells regulated by
CRNDE and miR-136are required to be further
verified.

CRNDE activates Wnt/B-catenin signaling
through inhibiting miR-136 in BC cell lines

Wnt/B-catenin pathway is a critical regulator of
tumor initiation and progression. As expected,

Am J Transl Res 2017;9(4):1977-1989
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Figure 3. CRNDE activates Wnt/B-catenin signaling through inhibiting miR-136 in BC cell lines. A. The effect of
CRNDE expression on B-catenin, c-myc and cyclinD1 mRNA expression in MDA-MB-231 cells. B. The effect of CRNDE
expression on B-catenin, c-myc and cyclinD1 protein expression in MDA-MB-231 cells. The data are presented as
mean * S.D. from three independent experiments. ***P < 0.001 as determined by Student’s t-test.

the mRNA and protein levels of several down- CRNDE-overexpressed MDA-MB-231 cells and
stream targets of the Wnt/[B-catenin signaling decreased inthe CRNDE-silenced MDA-MB-231
pathway, including (-catenin, c-myc and cells; However, co-transfection with miR-136
cyclinD1, were remarkably up-regulated in the mimic reversed the hyperactivation ofthe Wnt/
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Figure 4. CRNDE promotes the proliferation of BC cells in vitro. A. Cell proliferation was assessed using CCK-8 assay
in MDA-MB-231 cells. B. A colony formation assay was performed in MDA-MB-231 cells. The data are presented as

mean * S.D. from three independent experiments.

B-catenin signaling pathway in CRNDE-
overexpressed cells (Figure 3A, 3B, all P <
0.001). Collectively, these data clearly illustrat-
ed that CRNDE overexpression hyper activated
the Wnt/B-catenin signaling pathway through
regulating miR-136 expression in BC cells.

CRNDE overexpression promotes BC cell prolif-
eration, migration and invasion in vitro

We investigated the effects of CRNDE on BC
cell proliferation through performing CCK-8
assay. As illustrated in Figure 4A, up-regulation
of CRNDE led to a significantly increased prolif-
eration of MDA-MB-231 cells, and co-transfec-
tion with miR-136 mimic reversed the promot-
ed proliferation of CRNDE-overexpressed cells.
In addition, the proliferation of MDA-MB-231
cells transfected with CRNDE siRNA was dra-
matically reduced. The results of colony forma-
tion assay were also consistent with CCK-8
assay as CRNDE-overexpressed MDA-MB-231
cells formed an increased number of colonies,
and co-transfection with miR-136 mimic
reversed the increased colonies (Figure 4B).

Furthermore, the effects of CRNDE on the
migratory ability and invasiveness of BC cells
were assessed by transwell assays and wound-
healing assay. As illustrated in Figure 5A, the
number of invaded and migrated MDA-MB-231
cells were remarkably increased after overex-
pression of CRNDE (all P < 0.001), and co-
transfection with miR-136 mimic reversed the
promoted invasion and migration of CRNDE-
overexpressed cells. In addition, the invaded
and migrated MDA-MB-231 cells were signifi-
cantly reduced after transfection with CRNDE

1984

siRNA (all P < 0.001). Wound-healing assay also
demonstrated that treatment with pcDNA3.1-
CRNDE significantly enhanced the motility of
MDA-MB-231 cells, and co-transfection with
miR-136 mimic reversed the enhanced motility
of CRNDE-overexpressed cells, as shown in
Figure 5B.

Increased CRNDE expression promotes tumor
growth in vivo

In order to further verify our findings in vivo, we
examined the effects of CRNDE on tumor
growth in nude mice. As shown in Figure 6, the
average tumor volume and weight were largest
in the group of CRNDE overexpression (P <
0.001), whereas the nude mice injected with
cells co-transfected with pcDNA3.1-CRNDE
and miR-136 mimic exhibited smaller tumor
volume and weight than that in the group of
CRNDE overexpression (P < 0.001). Besides, in
the CRNDE silence group, the average tumor
volume and weight were significantly smaller
than that in the other group (P < 0.001).
Accordingly, we conclude that CRNDE could
promote tumorigenesis through regulating miR-
136 in vivo.

Discussion

BC is one of the most aggressive malignancies
caused by multiple factors [23]. With the rapid
development of molecular biotechnology, bio-
logical targeted therapy has gradually become
a crucial assistant treatment for BC [24].
Multiple evidence illustrates that aberrant
INCRNA expression is engaged in various can-
cers, and the targeted therapies applying

Am J Transl Res 2017;9(4):1977-1989
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Figure 5. CRNDE promotes the migration, invasion and mobility of
BC cells in vitro. A. Results of transwell assays showing the effect of
CRNDE expression on the migration and invasion of MDA-MB-231
cells in vitro. B. Results of wound-healing assay showing the effect of
CRNDE expression on the mobility of MDA-MB-231 cells in vitro. The
data are presented as mean * S.D. from three independent experi-
ments. ***P < 0.001, **P < 0.01 as determined by Student’s t-test.
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INcRNA as a novel diagnostic and
therapeutic tool has obtained more
and more attention, such as ATB [25],
PVT1 [26] and MALAT1 [27]. To our
knowledge, the current research is
the first time to offer evidence for a
novel mechanistic correlation be-
tween CRNDE and the Wnt/B-catenin
signaling pathway in human BC. We
found that CRNDE expression was
remarkably increased in BC tissues
and was inversely associated with
unfavorable prognosis of BC patients.
Overexpression of CRNDE facilitated,
while CRNDE silencing suppressed,
BC cell viability both in vitro and in
vivo. Moreover, we showed that over-
expression of CRNDE hyperactivated
the Wnt/B-catenin signaling pathway
via directly targeting miR-136. Colle-
ctively, our results exhibited that
CRNDE functions as one of the onco-
genes in BC and might be regarded
as a critical target for therapeutic tool
for BC in clinical application.

The canonical Wnt/B-catenin signal-
ing is triggered by the secreted Wnt
ligands, which bind to the Frizzled
(FZD) family receptors and LRP5/
LRP6 co-receptor to stimulate the
B-catenin signaling cascade, and
thus facilitates cyclinD1 and c-myc
expressions [28]. Dsyregulated acti-
vation of the Wnt/3-catenin signaling
pathway is commonly uncovered in
various human cancers and might
promote tumor progression, including
BC [29]. Understanding the underly-
ing mechanisms is critical for the
improvement of cancer therapy. Shao
et al. found that CRNDE promotes
cancer cell proliferation and growth
through regulating Wnt/3-catenin sig-
naling; this exhibited a representative
molecular mechanism involved in
renal cell carcinoma, which could be
considered as a promising therapeu-
tic method for these patients [17].
However, to date, the upstream fac-
tors of the Wnt/B-catenin signaling
pathway and their function role in
modulating carcinogenesis and me-
tastasis in BC is still not fully
elucidated.
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Figure 6. CRNDE promotes
BC cells growth by inhibiting
miR-136 in vivo. A. Repre-
sentative pictures of the tu-
mors. B. The growth curves
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mor weights. The data are
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Other article found that in gallbladder
cancer, CRNDE promotes PISK-AKT
pathway as a scaffold to recruit the
DMBT1 and c-IAP1 [33]. Thus we fur-

© ther focused on the direct target of
N CRNDE in BC.
@ The underlying functional mechanisms

of IncRNA are quite complicated actu-
ally. One important mechanism is that
it can play a role as a ceRNA or a
molecular sponge and direct interact
with miRNA so as to restrain its inhibi-
tory effect on downstream target
mRNA [34, 35]. An example for this
kind of regulation is exemplified by
HOST2 (human ovarian cancer-specif-
ic transcript 2), an IncRNA specifically
expressed at high level in human ovar-
ian cancer, which could bind with
miRNA let-7b and thus forms a regula-
tory interaction [36]. Aberrant expres-
sion of miR-136 has been found in
miRNA profile studies of different can-

O&«"" \955’9 5 @@“’1‘@“'\ ° as determined by Student’s cer types, including non-small cell lung
v ":oq:““ © ttest. cancer [37], glioma [38], chemoresis-
5,\53' tant ovarian cancer [39] and BC [40].

Qco*“’ We predicted the miR-136 binding site

Current analyses of the mammalian transcrip-
tome have indicated that approximately 70% of
the genome is transcribed into RNA that does
not function as templates for protein, while only
2% of the genome play roles as coding tran-
scripts [30]. Dysregulated expressions of vari-
ous IncRNAs play critical roles in cancer origi-
nation and progression, and the regulatory
roles of IncCRNAs in cancer attract wide atten-
tions globally. Previous articles have document-
ed that CRNDE is overexpressed in multiple
human cancers, including glioma in which it
might be the most upregulated IncRNA [31].
Intriguingly, despite its little to no expression in
adult colorectal mucosa and white blood cells,
CRNDE is high expressed in testis, skin and
parotid gland [32]. Herein, our findings exhibit-
ed that CRNDE overexpression could promote
the proliferation, migration and invasion of BC
cells through activating the Wnt/B-catenin sig-
naling pathway. Chen et al. showed that in
hepatocellular carcinoma, CRNDE accelerated
the expression levels of NF-kB and p-AKT
though acting as a sponge for miR-384 [12].

1986

of CRNDE by using the bioinformatics

databases (Starbase v2.0). Mean-
while, our experimental findings demonstrated
that up-regulation of CRNDE inhibited miR-136
expression, and overexpression of miR-136
could re-inactivate the Wnt/B-catenin signaling
pathway hyperactivated by up-regulation of
CRNDE; therefore suggested that CRNDE could
directly inhibiting miR-136, thus activating the
Wnt pathway in BC. We speculated that CRNDE
might sequester miR-136 as a molecular
“sponge” or as a ceRNA and thereby regulate
miRNA function. So far we have preliminarily
clarified the relationship between CRNDE and
miR-136.

Up to date, the molecular mechanisms underly-
ing the pathogenesis of BC still remain elusive.
Our present study demonstrated that CRNDE
could promote tumor growth in BC through act-
ing as a molecular sponge of miR-136, thus
hyperactivating the Wnt/B-catenin signaling
pathway. These findings uncover a novel mech-
anism of the Wnt pathway hyperactivation in
BC, and CRNDE might serve as a potential ther-
apeutic tool for the treatment of BC in the near
future.

Am J Transl Res 2017;9(4):1977-1989
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