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Abstract

Background: Long non-coding RNAs (IncRNAs) have been defined as vital regulators in the progression of human
cancers, including colorectal cancer (CRC). Long intergenic non-protein coding RNA 667 (LINC00667) is a tumor
promoter in several cancer types, while its role in CRC remains to be unmasked. This study focused on exploring the
potential function and regulatory mechanism of LINC00667 in CRC.

Methods: gRT-PCR analysis was applied to detect the expression of LINCO0667 in CRC cells. Loss-of function assays
revealed the role of LINCO0667 silencing in regulating CRC cell proliferation, apoptosis and migration. In vivo study
demonstrated the effect of LINC00667 silencing on CRC cell growth. Mechanism experiments were conducted to
determine the upstream or the downstream molecular mechanism of LINC00667 in CRC cells.

Results: LINC00667 was expressed at high level in CRC cells. LINC00667 knockdown significantly inhibited CRC cell
growth and migration. YY1 transcription factor induced the upregulation of LINC00667 in CRC cells by transcription-
ally activating LINCO0667. In addition, miR-449b-5p could interact with LINCO0667 in CRC cells. Intriguingly, miR-
449b-5p directly targeted to YY1, thus inhibiting YY1 expression. YY1 recovered the CRC cell functions impaired by
LINCO00667 silencing.

Conclusions: LINC00667 is transcriptionally activated by YY1 and promotes cell proliferation and migration in CRC by

sponging miR-449b-5p to upregulate YY1.
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Background

Colorectal cancer (CRC) is recognized as a common
malignancy in digestive system, with the fourth cancer-
related mortality and increasing morbidity in the globe
[1, 2]. Although advances have been made in the diag-
nosis and treatment of CRC patients, the 5-year survival
rate is still only 10-15% [3]. Up to now, the underlying
mechanisms associated with the initiation and develop-
ment of tumors remain to be further understood.
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Long noncoding RNA (IncRNA) is a class of non-pro-
tein coding transcripts that are longer than 200 nucleo-
tides (nt) [4]. Previous studies have demonstrated that
dysregulated IncRNAs have crucial roles in various bio-
logical processes, such as cell differentiation, prolifera-
tion, apoptosis and migration [5-7]. Evidence has been
provided to show the functions of IncRNAs in tumo-
rigenesis and malignant development of human cancers.
For instances, IncRNA MIR205HG functions as a miR-
122-5p sponge to accelerate tumor growth and progres-
sion of cervical cancer [8]. LncRNA FAMS83H-ASI1 is
related with cell proliferation, invasion and migration in
bladder cancer [9]. LncRNA GASL1 restrains cell prolif-
eration by inhibiting E2F1 activity [10]. Long intergenic

©The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material

in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-4033-705X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12935-020-01377-7&domain=pdf

Yu et al. Cancer Cell Int (2020) 20:322

non-protein coding RNA 667 (LINC00667) is a new-
founded IncRNA that has been demonstrated to be onco-
genic in glioma [11] and non-small cell lung cancer [12].
Nevertheless, it is unknown whether LINC00667 func-
tions in CRC.

Mounting evidence has revealed that IncRNAs can be
activated by their upstream transcription regulators [13—
15]. In our current study, the upstream molecular mecha-
nism of LINC00667 was also explored. Mechanistically,
IncRNAs can exert functions in human cancers by spong-
ing certain miRNAs to release the downstream mRNAs
[16-18]. It is unclear whether LINC00667 exert functions
in CRC in the same way.

To summarize, this study focused on exploring the
functions of LINC00667 in CRC and its upstream or
downstream molecular mechanism.

Methods

Patient samples

The procedures of clinical study had obtained the
approval of the Ethic committee of Affiliated Cancer
Hospital of Zhengzhou University. Before this study, the
written informed consent had obtained from three par-
ticipants who were diagnosed with CRC. Three pairs
of fresh CRC tissues and adjacent normal tissues were
collected for surgical resection. None of participants
received any chemotherapy or radiotherapy prior to sur-
gery. Samples were snap frozen in liquid nitrogen and
stored at —80 °C.

Cell culture

The human colon epithelium cell line (FHC) and human
CRC cell lines (HT29, SW620, LoVo and HCT116) were
obtained from ATCC (Manassas, VA, USA). All cell
lines were maintained in RPMI 1640 (Gibco Laborato-
ries, Grand Island, NY, USA) containing 10% fetal bovine
serum (FBS; Gibco) and antibiotics (100 U/mL penicillin
and 100 pg/mL streptomycin; Gibco) under humidified
condition with 5% CO, at 37 °C.

Quantitative real time polymerase chain reaction
(qQRT-PCR)

Total RNA of cultured cells was extracted using TRI-
zol (Invitrogen, Carlsbad, CA, USA) to detect the RNA
expression. 1 pg/reaction RNA was reverse transcribed
into cDNA (1 pl per tube) by using Biosystems High-
Capacity ¢cDNA Reverse Transcription Kit (Invitro-
gen). 20 ul RNA was used in the whole reaction system.
RNA quality was measured by molecular devices SPEC-
TRA MAX190. The spectrophotometer was reset using
TE solution. RNA solution was diluted with TE (1:100)
and the absorbance was measured at the wavelength of
260 nm and 280 nm. The thermal cycling profile was as
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follows: denaturation for 30 s at 95 °C, annealing for 45 s
at 56 °C, and extension for 45 s at 72 °C. Each PCR reac-
tion was carried out for 35 cycles using the ABI 7500
Real-Time PCR system (Applied Biosystems, Foster City,
CA, USA). For the detection of miRNA expression, the
Applied Biosystems TagMan MicroRNA Assay protocol
(Applied Biosystems, Carlsbad, CA, USA) was applied to
conduct reverse transcription. The SYBR PrimeScriptTM
miRNA RT-PCR Kit (TaKaRa Biotech) was used to exam-
ine miRNA expression. The RNA expression levels were
calculated by the 2724¢ method. The requirements for
use of 2724Ct method have been fulfilled. Ct value for
GAPDH and LINCO00667 was listed in Supplementary
Table 1 (Additional file 1: Table S1). GAPDH or U6 was
used as an endogenous control. qRT-PCR analysis was
performed in accordance with previous guidance [19].
Primers’ sequences were listed in Table 1. Each sample
was analyzed in triplicate. All experimental procedures
were repeated for three times.

Cell transfection
For the stable knockdown of LINC00667 or YY1 [20],
short hairpin RNAs (shRNAs) targeting LINCO00667
(shLINC00667#1/2/3) or YY1 (shYY1) and the negative
control shRNA (shNC) were purchased from GeneCo-
poeia, Inc. (Rockville, MD, USA). MiR-449b-5p mimics,
miR-449b-5p inhibitor, and negative control (NC mimics,
NC inhibitor) were all purchased from Shanghai GeneP-
harma Inc. (Shanghai, China), along with the YY1-over-
expression vector and control (pcDNA3.1). The above
plasmids were transfected into HCT116 and LoVo cells
using Lipofectamine® 2000 transfection reagent (Invitro-
gen) according to the manufacturer’s protocol for 48 h. All
experimental procedures were repeated for three times. The
shRNA sequences for LINC00667 were listed as follows:
shNC: 5-CCGGCAGATTAGTCTCAACTTGACTCT
CGAG AGTCAAGTTGAGACTAATCTG TTTTTG-3/;
shLINCO00667#1: 5-CCGGAAGTTTGACCCTGATTC
TCAACTCGAG TTGAGAATCAGGGTCAAAC TTT
TTG-3';

Table 1 PCR primers

LINC00667 F TGTGCGAGAAAGCCTACCTG
LINC00667 R GCCTGCATCAAAAAGTCGGG
miR-449b-5p F GCCGAGAGGCAGTGTATTGTTA
miR-449b-5p R AGGCAGTGTATTGTTAGCTGGC
YY1 F AAGTGCATTCCACCCGAACT
YY1 R AAGGGCCTGCACTTAAACCA
GAPDH F GGAGCGAGATCCCTCCAAAAT
GAPDH R GGCTGTTGTCATACTTCTCATGG
U6 F CTCGCTTCGGCAGCACA

ue R AACGCTTCACGAATTTGCGT
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shLINC00667#2: 5'-CCGGTACATGTTTGGTAGAG
AACTACTCGAG TAGTTCTCTACCAAACATGTATT
TTTG-3;

shLINCO00667#3: 5'-CCGGTAAACAATAGTGTAGTA
ACTACTCGAGTAGTTACTACACTATTGTTTA TTT
TTG-3'.

Bioinformatics analysis

Based on the protocols [21, 22], the potential transcrip-
tion factors of LINC00667 were downloaded from
PROMO tool of ALGGEN dataset (http://alggen.Isi.upc.
es/) and subjected to qRT-PCR analysis in one normal
colon epithelial cell and four CRC cells. Heatmap repre-
sented the differential genes using Cluster 3.0 software
(http://hemi.biocuckoo.org).

CCK-8 assay

As previously described [23], cell viability of CRC cell
lines was determined by Cell Counting Kit-8 (CCK-8)
in a 96-well plate as per standard procedure. LoVo and
HCT116 cells (1 x 103 cells/well) treated with indicated
transfection plasmids were incubated to 80%—90% con-
fluence. Cells were pre-incubated at 37 °C in 5% CO,
atmosphere, and CCK-8 reagent was added into each well
(10 pl) at five different time points (0, 24, 48, 72, 96 h) and
cultured at 37 °C in 5% CO, for 4 h. The absorbance was
measured by a microplate reader (Thermo Fisher Scien-
tific, Waltham, MA, USA) at 450 nm to determine cell
viability. All experimental procedures were repeated for
three times.

5-Ethynyl-2’-Deoxy-uridine (EdU) assay

Based on the instruction of EdU labeling/detection kit
(RiboBio, Guangzhou, China), the EdU incorporation
assay was performed to evaluate cell proliferation [24].
Cells were cultured with 50 uM of EdU diluent at 37 °C
with 5% CO,, for 2 h. And then 4% paraformaldehyde was
used to fix cells for 30 min. After cells were washed with
PBS, cells were then stained with Apollo 567 working
solution for 30 min. Cells were observed and captured
using fluorescent microscopy (Thermo Fisher Scientific).
All experimental procedures were repeated for three
times.

Caspase-3 activity assay

As previously described [25], the apoptosis of transfected
LoVo or HCT116 cells was evaluated by using the Cas-
pase-3 Activity Assay Kit (Solarbio, Beijing, China). In
short, extracted proteins from the transfected cells were
into 96-well plates containing the reaction buffer and
caspase-3 substrate. Caspase-3 activity was measured by
a microplate reader (Leica) at 405 nm. All experimental
procedures were repeated for three times.
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Transwell migration assay

As previously described, transwell assays were per-
formed to assess cell migration [26]. After 48 h of trans-
fection, 2 x 10* cells were added to the upper chamber
containing 100 pl serum-free medium and then 10%
FBS (Gibco) was added in the lower chamber. After
24 of incubation, the migrated cells through the pores
were fixed and stained with crystal violet. Cells were
observed and photographed under the microscope
(Leica, Shanghai, China). All experimental procedures
were repeated for three times.

In vivo model

Sixweeks old BALB/c male mice were purchased
from Guangdong Medical Laboratory Animal Center
(Guangdong, China). In vivo experiments were
approved by the Institutional Animal Care and Use
Committees of Affiliated Cancer Hospital of Zheng-
zhou University. Briefly, after stable transfection with
shNC or shLINC00667#2, 2 x 10° HCT116 cells were
subcutaneously injected into the flanks of mice. N=3
in each group. Tumors were observed every 4 days.
Tumor volume was calculated as (Length x Width?/2).
Twenty-eight days later, the mice were sacrificed, tumor
weight was measured.

RNA fluorescent in situ hybridization (RNA FISH)

The cellular distribution of LINC00667 was detected by
performing FISH assay [27]. Cells were plated in 24 well
plates at a density of 6 x 10* cells. When the confluence
reached to 60%—70%, FISH assay was performed by use
of Ribo™ Fluorescent in Situ Hybridization Kit (C10910,
Ribobio). Cells were fixed with 4% for 30 min and treated
with 0.5% TritonX-100 at 4 °C for 5 min. The nuclei
were stained with DAPI and washed thrice with PBS.
The sequence for LINC00667 probe used in FISH assay
was presented in Table 2. The designed and synthesized
LINC00667 probes were labeled with fluorescent dye.
Fluorescence signals were performed with a confocal
laser-scanning microscope (Leica). All experimental pro-
cedures were repeated for three times. All experimental
procedures were repeated for three times.

Subcellular fractionation

Subcellular fractionation was conducted as previously
described to identify the cellular location of LINC00667
[28]. Using the nuclear or cytoplasmic Isolation Kit
(Biovision, San Francisco, CA, USA), the cytosolic and
nuclear fractions of LoVo or HCT116 cells were sepa-
rately isolated. Then, the expression ratio of RNA mol-
ecules in the cytoplasm and nucleus were measured


http://alggen.lsi.upc.es/
http://alggen.lsi.upc.es/
http://hemi.biocuckoo.org

Yu et al. Cancer Cell Int (2020) 20:322

Table 2 Sequence for LINC00667 probe used in FISH assay
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using qRT-PCR, normalizing to U6 (nuclei control) and
GAPDH (cytoplasm control). All experimental proce-
dures were repeated for three times.

RIP assay

For RIP assay [29], LoVo and HCT116 cells were col-
lected and lysed in RIP lysis buffer. Next, magnetic beads
were incubated with anti-Ago2 (abcam, Cambridge,
USA; ab32381) or anti-IgG control (abcam, ab172730)
overnight at 4 °C. The precipitated RNA was isolated,
purified and reverse transcribed. The relative enrichment
of LINC00667, YY1 and miR-449b-5p were analyzed by
qRT-PCR. All experimental procedures were repeated for
three times.

Chromatin immunoprecipitation (ChIP) assay

ChIP assay was carried out as previously described [30].
Cells were treated with 1% methanol, incubated at room
temperature for 10 min and then lysed. The protein was
extracted and sonicated to obtain the soluble chromatin.
The immunoprecipitated RNA was collected and incu-
bated overnight with anti-YY1 or control IgG. The recov-
ered DNA was purified from the immune complex and
then was subjected to qRT-PCR. All experimental proce-
dures were repeated for three times.

Luciferase reporter assays

Partial wild-type or mutant DNA sequences of miR-
449b-5p binding sites in LINC00667 and YY1 3’ UTR
were amplified using PCR. Then, they were sub-cloned
respectively into pGL3 vector (Promega, Madison, WI,
USA) to produce LINCO00667-WT, LINC00667-MUT,
YY1-WT, and YY1-MUT reporter plasmids. Afterwards,
LoVo or HCT116 cells were co-transfected with transfec-
tion plasmids and constructed reporter plasmids using
Lipofectamine® 2000 (Invitrogen). Cells were collected at
48 h transfection. Under different treatment conditions,
the luciferase activity in cells was determined using the
Dual-Luciferase® Reporter Assay kit (Promega) in line
with manufacturer’s instructions [31]. All experimental
procedures were repeated for three times.

For the investigation of the impact of transcription fac-
tors on LINC00667 promoter, luciferase reporter assay
was conducted as previously described [32]. Briefly,
LINCO00667 promoter region was sub-cloned into pGL3
vector to generate LINC00667 promoter reporter plas-
mids. And then, the plasmids were co-transfected with
different shRNAs targeting PBF, Sp1, E2F, YY1 and WT1.
In return, YY1 promoter region was cloned into pGL3
vector to generate YY1 promoter reporter plasmids with
the co-treatment of ShNC or shLINC00667#2. As for the
binding affinities of predicted miRNAs with YY1, YY1 3’
UTR containing the possible binding sequences for miR-
NAs was established into pGL3 vectors was co-trans-
fected with overexpressed miRNAs into HCT116 and
LoVo cells. All experimental procedures were repeated
for three times.

Western blot

Western blot analysis was made to assess proteins in
transfected cells in accordance with a previous study
[33]. RIPA lysis buffer with a protease inhibitor cocktail
was prepared to lyse cells. Next, total protein was sepa-
rated by SDS PAGE and transferred onto PVDF (poly-
vinylidene difluoride) membranes. After being blocked
with 5% non-fat milk, the membrane was incubated with
primary antibodies: anti-Bax (abcam, ab32503), anti-
Bcl-2 (abcam, ab185002), anti-YY1 (abcam, ab109237),
and anti-GAPDH (abcam, ab8245) at 4 °C overnight.
After incubation with specific antibodies, the blots were
incubated with the secondary antibody and visualized
with enhanced chemiluminescence. Then, GAPDH was
used as an internal control. All experimental procedures
were repeated for three times.

Statistical analysis

Statistics of three repeated experiments were analyzed
using GraphPad Prism 6 software (GraphPad Software,
Inc., La Jolla, CA, USA) and compared using Student’s
t-test or one-way analysis of variance (ANOVA). Data are
presented as the mean £ SD. Differences were deemed as
statistically significant when P <0.05.
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Results

Silencing of LINC00667 suppresses cell proliferation

and migration in CRC

LINC00667 (ENST00000582008.5) is located at
chr18:5,238,099-5246,507, which is consisted with 3
exons and 2 introns. At first, we measured the level of
LINCO00667 in CRC cells and normal colon epithelial cell.
The high level of LINC00667 was observed in CRC cells
(Fig. 1a). Considering the highest level of LINC00667 in
LoVo and HCT116 cells, we conducted loss-of function
assays in these two cells. In subsequence, LINC00667
was silenced by shRNAs targeting LINCO00667
(shLINCO00667#1, shLINC00667#2 and shLINC00667#3)
in LoVo and HCT116 cells with non-targeting shRNA
as negative control (shNC). The result of qRT-PCR
analysis revealed that the level of LINC00667 was obvi-
ously decreased by three specific ShRNAs, especially by
shLINCO00667#2 (Fig. 1b). Therefore, shLINC00667#2
was chosen for functional experiments. CCK-8 assay
showed that cell viability was repressed with the down-
regulation of LINC00667 in LoVo and HCT116 cells
(Fig. 1c). EAU assay showed that EdU-positive cells were
decreased in LINCO00667ilenced CRC cells compared
to control cells (Fig. 1d). Through the detection of cas-
pase-3 activity, the activity of caspase-3 was found to be
enhanced in cells transfected with shLINC00667#2 com-
pared to those transfected with shNC (Fig. 1e). Western
blot analysis further validated that the apoptosis was pro-
moted by the silencing of LINC00667 in accordance with
the increased level of Bax and the decreased level of Bcl-2
(Fig. 1f). Besides, transwell assay demonstrated that the
migratory ability of LoVo and HCT116 cells was impaired
by the silencing of LINC00667 (Fig. 1g). At last, In vivo
experiment further demonstrated that silencing of
LINC00667 suppressed CRC cell growth in vivo (Fig. 1h,
i). Taken together, LINC00667 inhibition suppresses CRC
cell growth and migration.

YY1 regulates LINCO0667 expression by acting

as a transcription activator

Transcription factors are known as regulators of genes in
nucleus [34]. Here, we predicted the potential upstream
transcription factors of LINC00667 by using the online
tool ALGGEN. The levels of these genes were detected
by qRT-PCR analysis in CRC cells and results were pre-
sented in Fig. 2a. Top five overexpressed transcription
factors in CRC cells were chosen for subsequent analy-
ses. We silenced these genes via specific shRNAs and
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the decreased levels were determined separately by qRT-
PCR and western blot (Fig. 2b, c). In luciferase reporter
assay, only YY1 down-regulation restrained the activ-
ity of LINC00667 promoter in both CRC cells (Fig. 2d).
Thereafter, YY1 was chosen for follow-up experiments.
Through qRT-PCR and western blot, the levels of YY1
mRNA and protein were higher in CRC cells, especially
in HCT116 and LoVo cells (Fig. 2e). Meanwhile, the pro-
tein level of YY1 was remarkably higher in CRC tissues
compared to adjacent normal tissues (Additional file 2:
Figure S1A). The expression of LINCO00667 was also
decreased with the knockdown of YY1 (Fig. 2f). Next, we
analyzed the interaction between YY1 and LINC00667
promoter. The DNA motif of STAT3 was obtained from
JASPAR (Fig. 2g) and the binding sequences between
YY1 and LINC00667 promoter were shown (Fig. 2h,
upper panel). ChIP assay confirmed the affinity of YY1 to
LINCO00667 promoter (Fig. 2h). These data showed that
YY1 transcriptionally activates LINC00667 by binding to
LINCO00667 promoter.

LINC00667 acts as a sponge for miR-449b-5p in CRC cells

Above findings have shown that LINC00667 is a target of
YY1. Since previous studies have shown that YY1 can be
regulated by IncRNAs. In this study, we explored whether
LINCO00667 could regulate YY1 in turn. Accordingly, the
level of YY1 mRNA and protein were measured in two
CRC cells transfected with shNC or shLINC00667#2.
Intriguingly, both levels of YY1 were reduced after silenc-
ing of LINC00667 (Fig. 3a), indicating the regulatory
effect of LINC00667 on YY1. Luciferase reporter assay
revealed that LINC00667 has no significant effect on the
luciferase activity of reporter vector containing YY1 pro-
moter (Fig. 3b), excluding the transcriptional regulation
of LINC00667 on YY1. According to the results of FISH
and subcellular fractionation assays, LINC00667 was
mainly located in the cytoplasm of HCT116 and LoVo
cells (Fig. 3¢, d). It have been reported that cytoplasmic
IncRNAs can exert functions in human cancers through
sponging miRNAs to upregulate mRNAs [35, 36]. Here,
we speculated that LINC00667 modulated YY1 in CRC
in the same way. Then, we predicted the miRNAs bing-
ing with both LINC00667 and YY1 from starBase v3.0,
DIANA and TargetScan. The predicted results were
shown as a Venn diagram (Fig. 3e), which presented that
there were eight shared miRNAs of LINC00667 and YY1.
Among these miRNAs, merely miR-449b-5p showed the
highest binding ability with YY1 in both HCT116 and
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Fig. 1 LINC00667 acts as an oncogene to promote CRC cell proliferation and migration. a The expression of LINCO0667 in the human colon
epithelium cell line (FHC) and four human CRC cell lines (HT29, SW620, LoVo and HCT116). Results were obtained using gRT-PCR (n=3 in each
group). b The interfering efficiency of shRNAs specific to LINC00667 was tested by qRT-PCR at 48 h after transfection (n= 3 in each group). c The
viability of CRC cells transfected with shNC or shLINCO0667#2 for 48 h was measured by CCK-8 assay in several different time points (0 h, 24 h,

48 h,72 h,96 h). N=3in each group. d The proliferation of LINCO0667-silenced cells was detected by EdU assay after treated with shRNAs for 48 h.
Red: EdU, blue: DAPI. N =3 in each group. Scale bar=200 um. e Caspase-3 activity was assessed by measuring the wavelength at 405 nm. N=3

in each group. f The levels of apoptosis-related proteins (Bax and Bcl-2) were measured by western blot analysis in HCT116 and LoVo cells after
transfected with shNC or shLINC00667#2. N =3 in each group. g Transwell assay measured the migratory ability of LINCO0667-silenced cells. N=3
in each group. Scale bar= 200 um. h Tumors derived from HCT116 cells stably transfected with shNC or shLINC00667#2 were shown. Tumor volume
was measured every four days. n=3 in each group. i Tumor weight in two different groups were shown. n =3 in each group. P<0.05, "P<0.01
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Fig. 2 YY1 transcriptionally activates LINC00667 in CRC cells. a All potential transcription factors in the upstream of LINC00667 were subjected

to gRT-PCR analysis in CRC cells with the normal colon epithelial cells as the negative control. Results were shown as a heatmap. b, ¢ The mRNA
and protein levels of five candidate transcription factors were detected in cells transfected with specific sShRNAs. Results were examined through
gRT-PCR and western blot after 48 h'transfection. N=3 in each group. d Luciferase reporter assays were performed to measure the luciferase
activity of reporter vector containing the whole sequence of LINC00667 promoter after co-transfected with specific ShRNAs for 48 h. N=3 in each
group. e The levels of YY1 mRNA and protein in CRC cells and normal FHC cell were measured by gRT-PCR and western blot, respectively. N=3

in each group. f LINC00667 expression was tested via gRT-PCR after silencing of YY1. N =3 in each group. g DNA motif of YY1 transcription factor
downloaded from JASPAR was shown. h Three binding sequences of YY1 in LINCO0667 promoter were exhibited. The role of YY1 as a transcription
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(See figure on previous page.)

“P<0.01 compared to control group

Fig. 3 MiR-449b-5p potentially interacts with both LINC00667 and YY1.a gRT-PCR analysis of YY1 expression after transfected with
LINC0067-specific ShRNAs for 48 h. N =3 in each group. b Promoter luciferase reporter assay was conducted to measure the luciferase activity of
YY1 promoter vector in LINC00667-silenced cells. N=3 in each group. ¢ FISH assay revealed the localization of LINCO0667 in CRC cells. Blue: DAPI,
green: LINC00667. N =3 in each group. Scale bar= 100 um. d The ratio of cytoplasm to nucleus was detected by subcellular fractionation assay,
Results were analyzed by gRT-PCR. N=3 in each group. e Using starBase, DIANA and TargetScan tools, eight miRNAs were predicted to potentially
bind to both LINC00667 and YY1. f The binding affinity of eight miRNAs with YY1 was explored by luciferase reporter assays. n =3 in each group.

g The expression of miR-449b-5p in four CRC cells and one colon epithelial cell line (FHC) was measured by gRT-PCR. N=3 in each group. h
MiR-449b-5p expression in two CRC cells transfected with miR-449b-5p mimics or NC mimics for 48 h. N=3 in each group. i The levels of YY1 mRNA
and protein were measured in HCT116 and LoVo cells transfected with miR-449b-5p mimics or NC mimics for 48 h. N=3 in each group. P <0.05,

LoVo cells (Fig. 3f). Besides, miR-449b-5p expression was
down-regulated in CRC cells (Fig. 3g). Both mRNA and
protein levels of YY1 were lowered when miR-449b-5p
was overexpressed (Fig. 3h, i). These findings revealed
that miR-449b-5p may be a media for the regulatory
mechanism between LINC00667 and YY1.

LINC00667 acts as miR-449b-5p decoy to mediate YY1
Subsequently, we searched on starBase v3.0 and obtained
the binding sequences of LINC00667 or YY1 for miR-
449b-5p, and the mutated binding sequences were also
gained (Fig. 4a). The interaction between miR-449b-5p
and LINC00667 or YY1 was determined through lucif-
erase reporter assays. As a result, the luciferase activ-
ity of LINC00667-WT or YY1-WT was hampered by
miR-449b-5p overexpression (Fig. 4b, c). According to
the results of Ago2-RIP assay, we confirmed the co-
existence of LINC00667, YY1 and 305 miR-449b-5p
in RISC (Fig. 4d). In order to probe the co-influences
of LINC00667 and miR-449b-5p on YY1, we firstly
decreased miR-449b-5p expression by transfection of
miR-449b-5p inhibitor (Fig. 4e). In luciferase reporter
assay, the luciferase activity of YY1-WT was initially
repressed by LINC00667 silencing but recovered by
miR-449b-5p inhibition (Fig. 4f). Further qRT-PCR and
western blot analyses indicated that the LINCO00667
repression-decreased levels of YY1 mRNA and protein
were recovered by miR-449b-5p obstruction (Fig. 4g). All
in all, LINC00667 upregulates YY1 expression by spong-
ing miR-449b-5p.

YY1 overexpression abolishes the inhibitory effects

of LINC00667 knockdown on CRC cell growth

and migration

Rescue assays were carried out to validate the whole
mechanism of LINC00667 in CRC. HCT116 cells were
transfected with shNC, sh#2 and sh#2+YY1 sepa-
rately. The protein levels of YY1 reduced by LINC00667
silencing were rescued by YY1 overexpression (Fig. 5a).
In CCK-8 and EdU assays, the repressive effect of
LINCO00667 silencing on cell proliferation was counter-
acted by YY1 up-regulation (Fig. 5b, c). Caspase-3 activ-
ity test presented that LINCO00667 silencing induced
cell apoptosis and this effect was suppressed when YY1
was overexpressed (Fig. 5d). Consistently, the increased
level of Bax and the decreased level of Bcl-2 caused by
LINC00667 knockdown were reversed by the overex-
pression of YY1 (Fig. 5e). Transwell assays found that cell
migration was restrained after LINC00667 was silenced,
which was neutralized after YY1 was upregulated
(Fig. 5f). In summary, LINC00667 regulates the prolifera-
tion, apoptosis and migration capacities in CRC through
upregulating YY1.

Discussion

Long non-coding RNAs (IncRNAs) exert important
functions in the biological processes of different can-
cers, including CRC. For instance, highly expressed
IncRNA AFAP1-AS1 promotes colon cancer progres-
sion and indicates poor prognosis [37]. LncRNA plas-
macytoma variant translocation 1 (PVT1) boosts colon

(See figure on next page.)

P

inhibitor. N=3 in each group. P <0.05,

Fig. 4 LINC00667 enhances YY1 expression by sequestering miR-449b-5p in CRC cells. a The putative binding sites of miR-449b-5p in LINC00667
orYY1 3’-UTR. b Luciferase reporter assay was conducted in two CRC cells to determine the interaction between miR-449b-5p and LINCO0667.

N =3 in each group. ¢ The luciferase activity of YY1-WT or YY1-Mut vector was measured after co-transfected with NC mimics or miR-449b-5p
mimics. N=3 in each group. d Ago2-RIP assay was performed in two CRC cells to identify the enrichment of LINCO0667, miR-449b-5p and YY1

in the immunoprecipitates conjugated to Ago2 antibody. N =3 in each group. e MiR-449b-5p expression was decreased after transfected with
miR-449b-5p inhibitor for 48 h. NC inhibitor was used as negative control. N=3 in each group. f The luciferase intensity of YY1-WT or YY1-Mut
reporter plasmid was detected in cells co-transfected with shNC, shLINCO0667#2 or shLINCO0667#2 4+ miR-449b-5p inhibitor. N =3 in each group.
g The mRNA and protein levels of YY1 were measured in two CRC cells transfected with shNC, shLINCO0667#2 or sh-LINCO0667#2 + miR-449b-5p
P<0.001 compared to the control group
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Fig. 5 LINC00667/miR-449b-5p/YY1 axis modulates CRC cell proliferation and migration. a The levels of YY1 protein were measured in HCT116
cells transfected with shNC, shLINC00667#2 or sh-LINCO0667#2 + pcDNA3.1/YY1. N =3 in each group. b—f HCT116 transfected with shNC,
shLINC00667#2 or sh-LINCO0667#2 4+ pcDNA3.1/YY1 were subjected to CCK-8 assay, EdU assay (Scale bar =200 um), Caspase-3 activity test and
western blot analysis. N=3 in each group. P<0.05, P <0.01 compared to the control group

cancer progression by sponging miR-26b [38]. LncRNA
B3GALT5-AS1 restricts colon cancer liver metastasis
by repression of miR-203 [39]. LncRNA OCC-1 hinders
cell growth via destabilizing HuR protein in colorectal
cancer [40]. LINC00667 has been demonstrated to pro-
mote the vasculogenic mimicry of glioma cells [11]. The
current study revealed the upregulation of LINC00667
in CRC cells for the first time. Importantly, silencing of
LINC00667 suppressed CRC cell growth both in vitro
and in vivo, indicating the oncogenic role of LINC00667
in CRC.

LncRNAs can be upregulated by their upstream tran-
scriptional activators. For example, STAT3-induced the
transcriptional activation of IncRNA IncRNA HAGLROS
and strengthens the oncogenic potential of HAGLROS
in gastric cancer [32]. LncRNA SPRY4-IT1 is activated
by SP1 and contributes to the malignant progression of
cholangiocarcinoma [14]. A series of assays validated that
YY1 transcription factor (YY1) was screened to be the
transcription factor most influencing LINC00667 expres-
sion. In previous studies, YY1 can promote the initiation
and development of human carcinomas, including breast

cancer [41], nasopharyngeal carcinoma [42], glioblastoma
[43], thyroid cancer [44], non-small cell lung cancer [45]
and so on. The modulation of YY1 on LINC00667 at tran-
scriptional level was certified in our paper. Based on the
cytoplasmic location of LINC00667, we then observed
the post-transcriptional regulation of LINC00667 on
YY1. Through mechanism investigation, miR-449b-5p
with the highest binding ability for LINC00667, was
selected for further exploration. The tumor suppressive
role of miR-449b-5p has been probed in glioma, breast
cancer and cervical cancer [46—48]. Here, we verified the
interaction between LINC00667 and miR-449b-5p and
explored the mechanism of LINC00667/miR-449b-5p/
YY1 axis in CRC.

Conclusion

In conclusion, LINC00667/miR-449b-5p/YY1 axis regu-
lates the proliferation and migration of CRC cells. These
data expose a potent and promising therapeutic target for
the treatment of CRC patients.



Yu et al. Cancer Cell Int (2020) 20:322

Supplementary information

Supplementary information accompanies this paper at https://doi.
org/10.1186/512935-020-01377-7.

Additional file 1: Table S1. Ct value for GAPDH and LINCO0667.

Additional file 2: Figure S1A. The protein level of YY1 in three pairs of
CRC tissues and adjacent normal tissues was measured by western blot
analysis. N=3 in each group.

Abbreviations

IncRNAs: Long non-coding RNAs; ceRNA: Competing endogenous RNA;
miRNAs: microRNAs; mRNA: Messenger RNA; COAD: Colon adenocarcinoma;
LINC00667: Long intergenic non-protein coding RNA 667;YY1: YY1 transcrip-
tion factor; RISC: RNA-induced silencing complex; ncRNAs: Non-coding RNASs;
nt: Nucleotides; ATCC: American Type Culture Collection; RPMI: Roswell Park
Memorial Institute; FBS: Fetal Bovine Serum; gRT-PCR: Quantitative real-time
polymerase chain reaction; GAPDH: Glyceraldehyde-3-phosphate dehydroge-
nase; shRNAs: Short hairpin RNAS; CCK-8: Cell counting kit-8; EdU: 5-Ethynyl-
2'-Deoxy-uridine; RNA FISH: RNA fluorescent in situ hybridization; RIP: RNA
immunoprecipitation; ChIP: Chromatin Immunoprecipitation; UTR: Untrans-
lated region; Wt: Wild-type; Mut: Mutant; PVDF: Polyvinylidene difluoride; SDS-
PAGE: Sodium dodecyl sulfate—polyacrylamide gel electrophoresis; ANOVA:
Analysis of variance; SD: Standard deviation; PVT1: Plasmacytoma variant
translocation 1; LINCO0667: Long intergenic non-protein coding RNA 667.

Acknowledgements
All supports from participants in this research were undeniable.

Authors’ contributions

JY devoted to research design and data curations. FW, JZ, JL, XC and GH were
responsible for experiment and figures. All authors read and approved the
final manuscript.

Funding
None.

Availability of data and materials
Research Data are not shared.

Ethics approval and consent to participate

The study had obtained the approval of the Ethic committee of Affiliated
Cancer Hospital of Zhengzhou University. And the written informed consent
had obtained from participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Endoscopic Diagnosis and Treatment Center, Affiliated Cancer Hospital
of Zhengzhou University, No. 127, Dongming Road, Zhengzhou 450003,
Henan, China. ? General Surgery Department, Affiliated Cancer Hospital
of Zhengzhou University, No. 127, Dongming Road, Zhengzhou 450003,
Henan, China.

Received: 13 January 2020 Accepted: 24 June 2020
Published online: 17 July 2020

References

1. WeiF,WuY,Tang L, Xiong F, Guo C, Li X, Zhou M, Xiang B, Li X, Li G, et al.
Trend analysis of cancer incidence and mortality in China. Sci China Life
Sci. 2017;60(11):1271-5.

2. Brody H. Colorectal cancer. Nature. 2015;521(7551):S1.

0

20.

22.

23.

24.

Page 12 of 13

Landreau P, Drouillard A, Launoy G, Ortega-Deballon P, Jooste V, Lepage
C, Faivre J, Facy O, Bouvier AM. Incidence and survival in late liver metas-
tases of colorectal cancer. J Gastroenterol Hepatol. 2015;30(1):82-5.
Ponting CP, Oliver PL, Reik W. Evolution and functions of long noncoding
RNAs. Cell. 2009;136(4):629-41.

Yuan JH, Liu XN, Wang TT, Pan W, Tao QF, Zhou WP, Wang F, Sun SH.The
MBNL3 splicing factor promotes hepatocellular carcinoma by increasing
PXN expression through the alternative splicing of INCRNA-PXN-AST. Nat
Cell Biol. 2017;19(7):820-32.

Zhang Z, Fu C, Xu Q, Wei X. Long non-coding RNA CASC7 inhibits the
proliferation and migration of colon cancer cells via inhibiting micro-
RNA-21. Biomed Pharmacother. 2017;95:1644-53.

Ouyang S, Zheng X, Zhou X, Chen Z, Yang X, Xie M. LncRNA BCAR4 pro-
motes colon cancer progression via activating Wnt/B-catenin signaling.
Oncotarget. 2017;8(54):92815-26.

Li'Y, Wang H, Huang H. Long non-coding RNA MIR205HG function

as a ceRNA to accelerate tumor growth and progression via spong-

ing miR-122-5p in cervical cancer. Biochem Biophys Res Commun.
2019;514(1):78-85.

Shan H, YangY, Zhu X, Han X, Zhang P, Zhang X. FAM83H-AS1 is associ-
ated with clinical progression and modulates cell proliferation, migration,
and invasion in bladder cancer. J Cell Biochem. 2019;120(3):4687-93.

. Gasri-Plotnitsky L, Ovadia A, Shamalov K, Nizri-Megnaji T, Meir S, Zurer |,

Cohen CJ, Ginsberg D. A novel INcRNA, GASLT, inhibits cell proliferation
and restricts E2F1 activity. Oncotarget. 2017;8(14):23775-86.

. Wang D, Zheng J, Liu X, Xue Y, Liu L, Ma J, He Q, Li Z, Cai H, Liu Y. Knock-

down of USF1 inhibits the vasculogenic mimicry of glioma cells via
stimulating SNHG16/miR-212-3p and linc00667/miR-429 axis. Mol Ther
Nucleic Acids. 2019;14:465-82.

. Yang, LiS, CaoJ, LiY, Hu H, Wu Z. RRM2 regulated by LINCO0667/miR-

143-3p signal is responsible for non-small cell lung cancer cell progres-
sion. OncoTargets Ther. 2019;12:9927-39.

. Wang H, Huo X, Yang XR, He J, Cheng L, Wang N, Deng X, Jin H, Wang N,

Wang C, et al. STAT3-mediated upregulation of INcRNA HOXD-AST as a
ceRNA facilitates liver cancer metastasis by regulating SOX4. Mol Cancer.
2017;16(1):136.

XuY,YaoY, Jiang X, Zhong X, Wang Z, Li C,Kang P, Leng K, Ji D, Li Z, et al.
SP1-induced upregulation of INCRNA SPRY4-IT1 exerts oncogenic proper-
ties by scaffolding EZH2/LSD1/DNMT1 and sponging miR-101-3p in
cholangiocarcinoma. J Exp Clin Cancer Res CR. 2018;37(1):81.

Liu HT, Liu S, Liu L, Ma RR, Gao P EGR1-mediated transcription of
INcRNA-HNF1A-AS1 promotes cell-cycle progression in gastric cancer.
Cancer Res. 2018;78(20):5877-90.

Luan X, Wang Y. LncRNA XLOC_006390 facilitates cervical cancer tumori-
genesis and metastasis as a ceRNA against miR-331-3p and miR-338-3p.J
Gynecologic Oncol. 2018;29(6):€95.

Li B, Mao R, Liu C, Zhang W, Tang Y, Guo Z. LncRNA FAL1 promotes cell
proliferation and migration by acting as a CeRNA of miR-1236 in hepato-
cellular carcinoma cells. Life Sci. 2018;197:122-9.

Yang XZ, Cheng TT, He QJ, Lei ZY, Chi J, Tang Z, Liao QX, Zhang H, Zeng
LS, Cui SZ. LINCO1133 as ceRNA inhibits gastric cancer progression by
sponging miR-106a-3p to regulate APC expression and the Wnt/(3-
catenin pathway. Mol Cancer. 2018;17(1):126.

Radonic¢ A, Thulke S, Mackay IM, Landt O, Siegert W, Nitsche A. Guideline
to reference gene selection for quantitative real-time PCR. Biochem
Biophys Res Commun. 2004;313(4):856-62.

Frank SB, Schulz VV, Miranti CK. A streamlined method for the design and
cloning of shRNAs into an optimized Dox-inducible lentiviral vector. BMC
Biotechnol. 2017;17(1):24.

. Farré D, Roset R, Huerta M, Adsuara JE, Rosell6 L, Alba MM, Messeguer X.

Identification of patterns in biological sequences at the ALGGEN server:
PROMO and MALGEN. Nucleic Acids Res. 2003;31(13):3651-3.

Messeguer X, Escudero R, Farré D, Nufiez O, Martinez J, Alba MM. PROMO:
detection of known transcription regulatory elements using species-
tailored searches. Bioinformatics (Oxford, England). 2002;18(2):333-4.
Yang H, Wang S, Kang YJ, Wang C, Xu 'Y, Zhang Y, Jiang Z. Long non-
coding RNA SNHGT1 predicts a poor prognosis and promotes colon
cancer tumorigenesis. Oncol Rep. 2018;40(1):261-71.

Hui B, Ji H, XuY, Wang J, Ma Z, Zhang C, Wang K, Zhou Y. RREB1-induced
upregulation of the INcRNA AGAP2-AS1 regulates the proliferation and


https://doi.org/10.1186/s12935-020-01377-7
https://doi.org/10.1186/s12935-020-01377-7

Yu et al. Cancer Cell Int (2020) 20:322

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

migration of pancreatic cancer partly through suppressing ANKRD1 and
ANGPTL4. Cell Death Dis. 2019;10(3):207.

Zhang X, Wu N. LncRNA MEGS3 inhibits cell proliferation and induces
apoptosis in laryngeal cancer via miR-23a/APAF-1 axis. J Cell Mol Med.
2019,23(10):6708-19.

Shi X, Liu Z, Liu Z, Feng X, Hua F, Hu X, Wang B, Lu K, Nie F. Long
noncoding RNA PCAT6 functions as an oncogene by binding to EZH2
and suppressing LATS2 in non-small-cell lung cancer. EBioMedicine.
2018;37:177-87.

Zhao X, LiuY, Li Z, Zheng S,Wang Z, LiW, Bi Z, Li L, Jiang Y, Luo Y, et al.
Linc00511 acts as a competing endogenous RNA to regulate VEGFA
expression through sponging hsa-miR-29b-3p in pancreatic ductal
adenocarcinoma. J Cell Mol Med. 2018;22(1):655-67.

Zheng YL, Li L, Jia YX, Zhang BZ, Li JC, Zhu YH, Li MQ, He JZ, Zeng TT, Ban
XJ, et al. LINCO1554-mediated glucose metabolism reprogramming sup-
presses tumorigenicity in hepatocellular carcinoma via downregulating
PKM2 expression and inhibiting Akt/mTOR signaling pathway. Theranos-
tics. 2019;9(3):796-810.

Miao L, Liu HY, Zhou C, He X. LINC00612 enhances the proliferation and
invasion ability of bladder cancer cells as ceRNA by sponging miR-590 to
elevate expression of PHF14. J Exp Clin Cancer Res CR. 2019;38(1):143.
Nelson JD, Denisenko O, Bomsztyk K. Protocol for the fast chromatin
immunoprecipitation (ChIP) method. Nat Protoc. 2006;1(1):179-85.
Xu,BeiY, Shen S, Zhang J, Lu'Y, Xiao J, Li X. MicroRNA-222 promotes the
proliferation of pulmonary arterial smooth muscle cells by targeting P27
and TIMP3. Cell Physiol Biochem. 2017;43(1):282-92.

Chen JE Wu P, Xia R, Yang J, Huo XY, Gu DY, Tang CJ, De W, Yang F. STAT3-
induced IncRNA HAGLROS overexpression contributes to the malignant
progression of gastric cancer cells via mTOR signal-mediated inhibition of
autophagy. Mol Cancer. 2018;17(1):1-6.

Qiu M, XuY,Wang J, Zhang E, Sun M, Zheng Y, Li M, Xia W, Feng D,

Yin R, et al. A novel IncRNA, LUADT1, promotes lung adenocarcinoma
proliferation via the epigenetic suppression of p27. Cell Death Dis.
2015,6(8):e1858.

Caggiano C, Pieraccioli M, Panzeri V, Sette C, Bielli P. c-MYC empowers
transcription and productive splicing of the oncogenic splicing factor
Sam68 in cancer. Nucleic Acids Res. 2019;47(12):6160-71.

Rui X, Xu Y, Jiang X, Ye W, Huang Y, Jiang J. Long non-coding RNA
C50rf66-AS1 promotes cell proliferation in cervical cancer by targeting
miR-637/RING1 axis. Cell Death Dis. 2018;9(12):1175.

Cong Z, DiaoY, Xu, Li X, Jiang Z, Shao C, Ji S, Shen Y, De W, Qiang Y.
Long non-coding RNA linc00665 promotes lung adenocarcinoma pro-
gression and functions as ceRNA to regulate AKR1B10-ERK signaling by
sponging miR-98. Cell Death Dis. 2019;10(2):84.

BoH, Fan L, LiJ, Liu Z, Zhang S, Shi L, Guo C, Li X, Liao Q, Zhang W,

et al. High expression of INCRNA AFAP1-AS1 promotes the pro-
gression of colon cancer and predicts poor prognosis. J Cancer.
2018;9(24):4677-83.

Page 13 of 13

38. ZhangR, LiJ, Yan X, Jin K, Li W, Liu X, Zhao J, Shang W, Liu Y. Long non-
coding RNA plasmacytoma variant translocation 1 (PVT1) promotes
colon cancer progression via endogenous sponging miR-26b. Med Sci
Monit. 2018;24:8685-92.

39. Wang L, Wei Z, Wu K, Dai W, Zhang C, Peng J, He Y. Long noncoding
RNA B3GALT5-AS1 suppresses colon cancer liver metastasis via repress-
ing microRNA-203. Aging. 2018;10(12):3662-82.

40. LanY, Xiao X, He Z, Luo Y, Wu C, Li L, Song X. Long noncoding RNA
OCC-1 suppresses cell growth through destabilizing HuR protein in
colorectal cancer. Nucleic Acids Res. 2018;46(11):5809-21.

41. Yang W, Feng B, Meng Y, Wang J, Geng B, Cui Q, Zhang H, Yang Y, Yang
J.FAM3C-YY1 axis is essential for TGFbeta-promoted proliferation and
migration of human breast cancer MDA-MB-231 cells via the activation
of HSF1. J Cell Mol Med. 2019;23(5):3464-75.

42. SuH,LiuL, ZhangY,Wang J, Zhao Y. Long noncoding RNA NPCCAT1
promotes nasopharyngeal carcinoma progression via upregulating YY1.
Biochimie. 2019;157:184-94.

43. Jia B, LiuW, Gu J,Wang J, Lv W, Zhang W, Hao Q, Pang Z, Mu N, Zhang W,
et al. MiR-7-5p suppresses stemness and enhances temozolomide sensi-
tivity of drug-resistant glioblastoma cells by targeting Yin Yang 1. Exp Cell
Res.2019;375(1):73-81.

44. Wang F, Li Z, Sun B. miR-544 inhibits the migration and invasion
of anaplastic thyroid cancer by targeting Yin Yang-1. Oncol Lett.
2019;17(3):2983-92.

45. XiaY, Wei K, Yang FM, Hu LQ, Pan CF, Pan XL, Wu WB, Wang J, Wen W, He
ZC, et al. miR-1260b, mediated by YY1, activates KIT signaling by targeting
SOCS6 to regulate cell proliferation and apoptosis in NSCLC. Cell Death
Dis. 2019;10(2):112.

46. Zhen L, Yun-hui L, Hong-yu D, Jun M, Yi-long Y. Long noncoding RNA
NEAT1T promotes glioma pathogenesis by regulating miR-449b-5p/c-Met
axis. Tumor Biol. 2015;1(37):673-83.

47. Jiang J,Yang X, He X, Ma W, Wang J, Zhou Q, Li M, Yu S. MicroRNA-
449b-5p suppresses the growth and invasion of breast cancer cells
via inhibiting CREPT-mediated Wnt/beta-catenin signaling. Chem Biol
Interact. 2019;302:74-82.

48. Cheng L, Shi X, Huo D, Zhao Y, Zhang H. MiR-449b-5p regulates cell
proliferation, migration and radioresistance in cervical cancer by
interacting with the transcription suppressor FOXP1. Eur J Pharmacol.
2019;856:172399.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	LINC00667miR-449b-5pYY1 axis promotes cell proliferation and migration in colorectal cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patient samples
	Cell culture
	Quantitative real time polymerase chain reaction (qRT-PCR)
	Cell transfection
	Bioinformatics analysis
	CCK-8 assay
	5-Ethynyl-2′-Deoxy-uridine (EdU) assay
	Caspase-3 activity assay
	Transwell migration assay
	In vivo model
	RNA fluorescent in situ hybridization (RNA FISH)
	Subcellular fractionation
	RIP assay
	Chromatin immunoprecipitation (ChIP) assay
	Luciferase reporter assays
	Western blot
	Statistical analysis

	Results
	Silencing of LINC00667 suppresses cell proliferation and migration in CRC​
	YY1 regulates LINC00667 expression by acting as a transcription activator
	LINC00667 acts as a sponge for miR-449b-5p in CRC cells
	LINC00667 acts as miR-449b-5p decoy to mediate YY1
	YY1 overexpression abolishes the inhibitory effects of LINC00667 knockdown on CRC cell growth and migration

	Discussion
	Conclusion
	Acknowledgements
	References




