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Long noncoding RNA LINC00885
upregulates NCK1 to promote cell viability
and migration of triple-negative breast cancer
cells through sponging miR-654-3p
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Abstract.
BACKGROUND: LINC00885 is a novel oncogenic long noncoding RNA (LncRNA) which is upregulated in various types of
cancer, but its function in triple-negative breast cancer (TNBC) remains unknown.
OBJECTIVE: This study aimed to determine the role of LINC00885 on TNBC development.
METHODS: Clinical interrelation and survival analysis were determined using online database. The CCK-8 and Transwell assays
were used to detect the proliferation and migration behaviors in TNBC cell lines. The interaction among genes was detected by
RNA pull down assay.
RESULTS: LncRNA LINC00885 was highly expressed in TNBC compared to normal breast like. Low levels of LINC00885 was
related to good prognosis in TNBC patients compared to TNBC patients with high LINC00885. LINC00885-downregulation
inhibited, whereas LINC00885-overexpression promoted the proliferation and migration capability of TNBC cell lines. In TNBC
cell lines, noncatalytic region of tyrosine kinase 1 (NCK1) expression was positively associated with LINC00885 expression,
and shRNA-mediated the depletion of NCK1 significantly abolished LINC00885 upregulation-mediated pro-tumor effects.
Combined with online databases, miR-654-3p was screened as the direct target gene of LINC00885, which could directly bind
to 3’-untranslated regions (3‘-UTR) of NCK1, resulting in the decreased expression of NCK1 in TNBC cell lines. LINC00885
overexpression-mediated the upregulation of NCK1 was abrogated by miR-654-3p mimics. MiR-654-3p mimics significantly
rescued the tumor promotive role caused by LINC00885-overexpression. However, exogenous NCK1 notably eliminated the
anti-tumor effects caused by miR-654-3p mimics in LINC00885-overexpressed cells.
CONCLUSIONS: LINC00885 is expressed at a high level in TNBC. LINC00885 promoted proliferation and migration by
regulating the miR-654-3p/NCK1 axis in TNBC cell lines. Possibly, LINC00885 can be served as a potential therapeutic target for
TNBC.
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1. Introduction

Breast cancer (BC) is the most widespread malig-
nancy and the second leading cause of cancer-related

∗Corresponding author: Jianyun Sheng, Department of Gyneco-
tokology, The First People’s Hospital of Pingdingshan, Pingdingshan
410402, Henan, China. E-mail: doulj2011@126.com.

death among the female population worldwide, ac-
counting for ∼1/4 of all cancers in females [1,2]. BC
can be divided into four subtypes, including luminal A,
luminal B, HER2 enrichment and triple-negative breast
cancer (TNBC), according to the expression levels of
the estrogen receptor (ER), progesterone receptor (PR),
HER2 and the proliferation marker protein Ki-67 [3].
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The first-line treatments for BC are surgery, radiother-
apy and adjuvant chemotherapy and/or endocrine ther-
apy [4,5]. However, due to the lack of ER/PR/HER2
receptors, TNBC is not responsive to endocrine and
target therapy; therefore, the clinical management of
TNBC remains a challenging problem [6,7].

TNBC is more aggressive than other BC subtypes
because it is associated with increased angiogenesis
and epithelial-mesenchymal transition (EMT) [8–10].
At the molecular level, EMT alters the adhesion, po-
larity and differentiation of epithelial cells and renders
them more prone to migration and invasion [10–12].
The noncatalytic region of tyrosine kinase 1 (NCK1)
is an adaptor protein acting as a linker of the proxi-
mal and downstream signaling events that are related
to the occurrence and development of a variety of tu-
mors [13,14]. NCK1 upregulation promotes the devel-
opment of ovarian carcinoma (OC) [15,16], colorectal
cancer (CoC) [17] and cervical squamous cell carci-
noma [18]. NCK1 specifically localizes in invadopodia
but not in podosomes and can be used to recognize cell
surface degradative structures of metastatic mammary
carcinoma cells [19]. NCK is implicated in podosome
formation and ECM degradation [20,21]. Our previous
study also indicates that NCK1 elevation promotes the
migration of TNBC cell lines and NCK1 may serve
as a diagnostic and prognostic marker of metastatic
TNBC [22]. Therefore, the ECM degradation and the
subsequent EMT process may be involved in NCK1-
mediated cell migration.

Long non-coding RNAs (lncRNAs), a cluster of tran-
scripts > 200 bp in length, are implicated in the molec-
ular diagnostics and therapy of several tumors [23,24].
Previous evidence suggests that lncRNAs are frequently
abnormally expressed in cancer cells and participate in
various cellular processes [25,26]. LncRNAs are fre-
quently dysregulated in a variety of cancer types, in-
cluding BC, ovarian cancer, hepatocellular carcinoma
and others [25,27–30]. Several studies have identified
several misregulated lncRNAs in TNBC that act as
competitive endogenous RNA (ceRNA) for miRNAs,
which are important in tumorigenesis [31,32]. LncRNA
NCK1-AS1 can promote NCK1 expression to facilitate
tumorigenesis in OC [16]. Thus, lncRNAs may affect
the migration of cancer cells by affecting the expression
of NCK1. LINC00885 is one of the upregulated lincR-
NAs in aggressive ductal carcinoma in situ lesions [33].
However, if LINC00885-mediated tumor progression
involves NCK1 in TNBC ramains unclear.

In the current study, the expression of LINC00885 in
patients with TNBC and TNBC cell lines was analyzed.

Combining database analysis and RNA pull-down as-
say, the downstream target genes of LINC00885 were
screened and verified. The effects of LINC00885 and
its downstream signaling axis on cell growth and mi-
gration were also investigated. LINC00885 may serve
as a prognostic and predictive marker and as a novel
therapeutic target.

2. Materials and methods

2.1. Data collection and analysis

Breast Cancer Gene-Expression Miner v4.4 (http://
bcgenex.centregauducheau.fr/BC-GEM/GEM-Accueil.
php) was used to analyse the mRNA expression lev-
els of LINC00885 in different molecular subtypes of
human breast carcinoma (BRCA) as well as in normal
tissues. The probability of overall survival of patients
with BC was calculated using the Kaplan-Meier Plotter
online tool (https://kmplot.com/analysis/). The associa-
tion between genes was evaluated using SPSS 22.0 soft-
ware (IBM Corp.). The miRNA-lncRNA interactions
were investigated using the Encyclopedia of RNA In-
teractomes (ENCORI; http://starbase.sysu.edu.cn/) and
LncRNASNP (http://bioinfo.life.hust.edu.cn/lncRNAS
NP/#!/) online databases. The binding capability of
miR-654-3p to NCK1 was investigated using the Tar-
getScan (https://www.targetscan.org/), miRDB (https://
mirdb.org/), ENCORI and miRWalk (http://mirwalk.
umm.uni-heidelberg.de/) online databases.

2.2. Subjects

A total of 40 pairs of TNBC and normal tissue sam-
ples were acquired from The First People’s Hospital of
Pingdingshan, China. The present study was approved
by the Ethics Committee of Pingdingshan University.
Matched pericarcinomatous tissue was defined as tis-
sue > 2 cm distal to the tumor margin. Total RNA was
extracted from the tissue for gene expression analysis.

2.3. Cell culture and transfection

A total of four TNBC cell lines (MDA-MB-468,
BT549, Hs578t and MDA-MB-231) and one nor-
mal breast epithelial cell line (MCF-10A), were pur-
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Table 1
Primer sequences of RT-PCR

Gene Forward Reverse
LINC00885 5’-GCAGAATGGATCTAATCTGATTCCT-3’ 5’-ATCATCTTTACGGAGGTAGAGAAGAG-3’
GAPDH 5’-AGTCAACGGATTTGGTCGTATTG-3’ 5’-AAACCATGTAGTTGAGGTCAATGAA-3’
U6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’
NCK1 5’-GGAAATGCAGGAAGATCAATGG-3’ 5’-CAAACTTTCCAGTGAGTGAAGG-3’
MiR-654-3p 5’-GGGATGTCTGCTGACCA-3’ 5’-CAGTGCGTGTCGTGGA-3’

chased from the Cell Bank of Type Culture Collec-
tion of Chinese Academy of Sciences. MDA-MB-468,
Hs578t, MDA-MB-231 and MCF-10A cells were cul-
tured in complete Dulbecco’s modified Eagle’s medium
(cat. no. 11965092; Lot. no. 8121295; Gibco; Thermo
Fisher Scientific, Inc.) and BT549 cells were cul-
tured in RPMI 1640 medium (cat. no. 11875119; Lot.
no. 8117293; Gibco; Thermo Fisher Scientific, Inc.)
in a humidified incubator at 37◦C with 5% CO2.
All media were supplemented with 10% fetal bovine
serum (cat. no. 16140071; Lot. no. 1428478; Gibco;
Thermo Fisher Scientific, Inc.), 100 mg/ml strepto-
mycin and 100 U/ml penicillin (Cat. no. 15070063, Lot.
no. 2289239; Gibco; Thermo Fisher Scientific, Inc.).
The small-interfering (si)RNA targeting LINC00885
(siRNA-LINC00885) and the negative control (NC)-
siRNA were from Shanghai GenePharma Co., Ltd.
LINC00885 or NCK1 gene fragments were cloned into
the pcDNA3.1 vector plasmid to synthesize pcDNA3.1-
LINC00885 and pcDNA3.1-NCK1 while the empty
pcDNA3.1 vector was used as the NC (pcDNA3.1). The
sequences of the short hairpin (sh)RNA targeting NCK1
(shRNA-NCK1) and its NC-shRNA were as follows: 5’-
GATCCGGGGTTCTCTGTCAGAGAAATTCAAGAG
ATTTCTCTGACAGAGAACCCTTTTTTACGCGTG-
3’ and 5’-AATTCACGCGTAAAAAAGGGTTCTCTG
TCAGAGAAATCTCTTGAATTTCTCTGACAGAGA
ACCCCG-3’, respectively. In addition, synthesis of
miR-654-3p mimic/inhibitor (anti-miR) and NC-miR/
anti-miR-NC was performed by Guangzhou RiboBio
Co., Ltd. Cells seeded in 24-well plates were transfected
using LipofectamineTM 3000 (Cat. no. L3000008; Lot.
no. 1991277; Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer’s instructions. Af-
ter 48 h transfection, cells were harvested for further
experiments.

2.4. Reverse transcription-quantitative (RT-q) PCR

Total RNA was extracted from cultured cells and
tumour tissue using TRIzolTM reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manu-
facturer’s protocol. The miScript reverse transcription

kit (Qiagen GmbH) was used for the reverse transcrip-
tion of miRNAs. qPCR was performed using the SYBR
Premix Ex TaqTM II kit (Cat. no. RR820A; Lot. no.
AL13568A; Takara Bio.) on the ABI Prism 7700 R© se-
quence detection system (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The primers used are listed in
Table 1. The RNA expression levels of LINC00885
and NCK1 were normalized to the internal reference
gene GAPDH, whereas U6 was used to normalize the
RNA expression levels of miR-654-3p. RNA levels
were quantitated using the 2−∆∆Cq method [34].

2.5. Cell Counting Kit-8 (CCK-8) assay

Cell viability was assessed using the Cell Count-
ing Kit-8 assay (CCK-8; cat. no. CA1210; Lot. no.
20220715; Solarbio), according to the manufacturer’s
instructions. After transfection for 48 h, cells were
plated into 96-well plates at the density of 5 × 103
cells/well, followed by the addition of 10 µl of the
CCK-8 solution for 3 h at 37◦C with 5% CO2. There-
after, the absorbance at 450 nm of each well was
measured using a microplate reader (EnSpire 2300;
PerkinElmer, Inc.) at 0, 24, 48 and 72 h.

2.6. Western blot analysis

Total protein from tumor cells was quantified using a
bicinchoninic acid assay kit and 20 µg protein/lane was
separated by SDS-PAGE on a 15% gel and transferred
onto a PVDF membrane. The membrane was blocked
with 5% nonfat milk for 1 h at 25◦C, followed by incu-
bation with primary antibodies against NCK1 (cat. no.
15247-1-AP; Proteintech Group, Inc.) and β-actin (cat.
no. BL005B; Lot. no. 152848; Biosharp; CN) overnight
at 4◦C. The membrane was washed three times with
phosphate-buffered saline with 0.1% Tween 20 and then
incubated with secondary antibody (1:5,000; cat. no.
ZB-2305; Lot. no. 216790201; Zhongshan, CN) for 1 h
at 25◦C. The protein bands were visualized with elec-
trochemiluminescence reagents. Blots were performed
in triplicate and protein expression was quantified using
ImageJ software (V 1.8.0, National Institutes of Health)
with β-actin as the loading control.
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2.7. Dual-luciferase reporter gene experiment

The NCK1 and LINC00885 wild type (WT) and mu-
tant (MUT) sequences of the 3’-untranslated regions
binding to miR-654-3p were subcloned in the luciferase
reporter plasmid pGL3.1 to synthesize NCK1-WT/-
MUT and LINC00885-WT/-MUT plasmids, respec-
tively. Plasmids were co-transfected with miR-654-3p
mimic or negative mimic for 48 h. Subsequently, a dual-
luciferase reporter assay system (cat. no. E1910; Lot.
no. 0000449129; Promega Corporation, US) was used
to assess the relative luciferase activity, according to
the manufacturer’s protocol. Firefly luciferase activity
was normalized to Renilla luciferase activity.

2.8. RNA pulldown

Briefly, 1 × 107 MDA-MB-231 cells were harvested,
lysed and processed by ultrasonication. To generate
probe-coated beads, a miR-654-3p probe labeled with
biotin or the negative control probe were incubated with
magnetic beads (cat. no. 88817; Lot. no. KC1206538;
Thermo Fisher Scientific, Inc.) at 25◦C for 2 h. Cell
lysates were then incubated with either miR-654-3p
or oligo probes at 4◦C overnight. After washing with
washing buffer, the bead-bound RNA complexes were
eluted and extracted using an RNeasy Mini Kit (cat. no.
74104; Lot. no. 154014194; Qiagen GmbH) for qPCR
using the LINC00885 and NCK1 primers. The total cell
lysate was used as input and set to one.

2.9. Lactate dehydrogenase (LDH) activities
measurement

Cells were inoculated in 6-well plates. After trans-
fection and incubation, cells were digested with 0.25%
trypsin and washed with phosphate buffer (PBS). After
homogenized on ice, protein concentration was quanti-
fied by the BCA Protein Assay Kit (cat. no. 23227, lot.
no. OB184645, Thermo Fisher Scientific, Inc.). LDH
activity was measured by colorimetric assay using spe-
cific test kit (cat. no. BC0685, lot. no. 20220926, So-
larbio, CN). The absorbance of LDH was measured at
the wavelength of 450 nm. The activity of LDH was
calculated according to the manufacturer’s introduction.
The activity of LDH in control group was normalized
to 1.0.

2.10. Statistical analysis

All assays were performed > 3 times. Comparisons
between groups were performed using GraphPad Prism

(version 6.0, GraphPad Software; Dotmatics), using a
paired Student’s t-test or a one-way ANOVA. Associ-
ation analysis was performed using Pearson’s correla-
tion. P < 0.05 was considered to indicate a statistically
significant difference.

3. Results

3.1. LINC00885 is upregulated in TNBC tumor tissues
and cells

Firstly, the expression pattern of LINC00885 in dif-
ferent subtypes of BC was analyzed according to on-
line databases. Increased LINC00885 expression was
observed in patients with basal-like (n = 864) and pa-
tients with HER2-enrichment (HER2-E; n = 347) sub-
type cancer, while it was downregulated in patients with
luminal A subtype (n = 1,022), compared with that in
the normal breast-like population (n = 796) (Fig. 1A).
In addition, using BC Gene-Expression Miner v4.4,
the LINC00885 expression was also confirmed to be
increased in basal-like subtype (n = 712) compared
with that in normal breast-like cancer (n = 3,273),
according to basal-like (PAM50) status (Fig. 1B). In
the collected fresh human TNBC tissues, LINC00885
mRNA expression was increased in TNBC compared
with that in paracarcinoma (Fig. 1C). Additionally,
LINC00885 expression was also significantly increased
in human TNBC cell lines including MDA-MB-468,
T549, BH460, Hs578t, MDA-MB-231, compared with
that in the normal mammary epithelial cell line MCF-
10A (Fig. 1D). Hence, the present study subsequently
tried to investigate the role of LINC00885 in TNBC.
Importantly, patients with TNBC and low LINC00885
presented a good prognosis compared with that in
TNBC patients with high LINC00885 (Fig. 1E). There-
fore, LINC00885 may also be a prognostic predictor
for TNBC.

3.2. LINC00885 promotes tumor biological behaviors
of TNBC cell lines

Given the upregulation of LINC00885 in TNBC, the
effects of LINC00885 on the malignant behaviors of
TNBC cell lines were investigated. Firstly, LINC00885-
overexpressed and LINC00885-knocked down MDA-
MB-231 and BT549 cells were constructed (Fig. S1).
A significant increase in cell growth was observed
at 48 and 72 h in LINC00885-overexpressed MDA-
MB-231 and BT-549 cells, whereas cell growth de-
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Fig. 1. Relative LINC00885 expression in TNBC and its clinical significance. (A) The differential expression of LINC00885 in different BC
Subtypes including basal-like (n = 864), HER2-E (n = 347), luminal A (n = 1,022), luminal B (n = 858), normal breast-like (n = 796) was
determined using the Hu’s subtypes. ∗∗P < 0.01, basal-like vs. normal breast-like. (B) The differential expression of LINC00885 was determined
by base-like (PAM50) status in basal-like (n = 712) and normal breast-like (n = 3,273) of BC. ∗∗P < 0.01, basal-like vs. normal breast-like. (C)
LINC00885 expression in TNBC specimens and para-carcinoma (n = 40) was determined using reverse transcription-quantitative PCR. ∗∗P <
0.01, basal-like vs. normal breast-like. (D) LINC00885 expression in normal mammary epithelial cell MCF-10A, MDA-MB-468, BT549, Hs578t
and MDA-MB-231 cells were detected by reverse transcription-quantitative PCR. ∗∗P < 0.01, basal-like vs. MCF-10A cells. (E) Patients with
TNBC were classified into two groups according to the expression state of LINC00885 (low and high LINC00885). Overall Survival (OS) was
calculated using the online Kaplan-Meier Plotter (https://kmplot.com/analysis/). Data are presented as mean ± standard deviation (n = 3). ∗P <
0.05 and ∗∗P < 0.01. BC, breast cancer; TNBC, triple-negative BC; HER2-E, HER2 enrichment.

creases in LINC00885-knocked down MDA-MB-231
and BT-549 cells, compared with that in the control
group (Fig. 2A and B). These results demonstrated
that the overexpression of LINC00885 could promote
cell viability of TNBC cell lines, whereas LINC00885
knockdown could negatively impact the growth rate of
TNBC cell lines (Fig. 2A and B). Consistently, Tran-
swell migration assays also indicated that LINC00885
knockdown suppressed the migration of MDA-MB-
231 and BT549 cells, whereas this was increased fol-
lowing the LINC00885 overexpression (Fig. 2C and
D). Additionally, the levels of lactate dehydrogenase
(LDH) that were detected using colorimetric analy-

sis increased in LINC00885-overexpressed MDA-MB-
231 cells and moderately decreased in LINC00885-
doenregulated MDA-MB-231 cells (Fig. S2A). These
results indicated that LINC00885 facilitated the viabil-
ity and migration of TNBC cell lines in vitro and might
also be related to glycolysis.

3.3. LINC00885 and NCK1 in TNBC are positively
associated

NCK1 is a protein that has previously been re-
ported to be closely associated with cancer progres-
sion [17,18]. In the present study, NCK1 expression
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Fig. 2. Effect of LINC00885 on the migration of triple-negative breast cancer cells. The plasmid overexpressing LINC00885, LINC00885
siRNA and the corresponding control vector/NC-siRNA were injected into BT549 and MDA-MB-231 cells. MDA-MB-231 (A) and BT549
cell (B) viabilities are determined using the Cell Counting Kit-8 assay. Transwell assay for pcDNA3.1-LINC00885 and siRNA-LINC00885
(C) MDA-MB-231 and (D) BT549 cells. Relative quantification of migrated cells is shown in the right panel (scale bar, 25 µm). ∗∗P < 0.01,
pcDNA3.1-LINC00885 or siRNA-LINC00885 vs. pcDNA3.1 or NC-siRNA. NC, negative control; pcDNA3.1, plasmid NC; si-RNA, small
interfering RNA; pcDNA3.1-LINC00885, LINC00885-overexpression plasmid; siRNA-LINC00885, siRNA targeting LINC00885.

was positively correlated with LINC00885 expres-
sion in 40 patients with TNBC (Fig. 3A). In addition,
mRNA expression of NCK1 was increased by 2.5-
fold along with the increased LINC00885 expression,
while NCK1 expression was effectively knocked down

by 75% in MDA-MB-231 and BT549 cells (Fig. 3B).
Moreover, NCK1 protein level increased following
LINC00885 overexpression, while it decreased after
LINC00885 knockdown in MDA-MB-231 and BT549
cells (Fig. 3C). These results indicated that NCK1 ex-
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Fig. 3. Association between LINC00885 and NCK1 in TNBC. (A) The expression of LINC00885 and NCK1 are determined by RT-qPCR.
The association between LINC00885 and NCK1 expression in fresh TNBC specimens as analyzed using SPSS 22.0 software (IBM Corp.). (B)
MDA-MB-231 and BT549 cells were transfected with pcDNA3.1-LINC00885, siRNA-LINC00885 and the corresponding negative controls
pcDNA3.1 or NC-siRNA. NCK1 mRNA was detected by RT-qPCR in MDA-MB-231 and BT549 cells. ∗∗P < 0.01, pcDNA3.1-LINC00885 or
siRNA-LINC00885 vs. pcDNA3.1 or NC-siRNA, respectively. (C) The NCK1 protein levels of MDA-MB-231 and BT549 cells were determined
by WB. Data are presented as mean ± standard deviation (n = 3). ∗P < 0.05 and ∗∗P < 0.01. NCK1, noncatalytic region of tyrosine kinase 1;
RT-qPCR, reverse transcription-quantitative PCR; TNBC, triple-negative breast cancer; R, Pearson’s coefficient; NC, negative control; pcDNA3.1,
plasmid NC; si-RNA, small interfering RNA; pcDNA3.1-LINC00885, LINC00885-overexpression plasmid; siRNA-LINC00885, siRNA targeting
LINC00885.

pression was positively associated with LINC00885
expression.

3.4. NCK1 downregulation abolished the promotive
role of LINC00885 in cell viability and migration
of TNBC cell lines

Subsequently, the functional role of NCK1 in
LINC00885-mediated alteration of cell proliferation
and migration was investigated. Overexpression of
LINC00885 significantly increased the viability of
MDA-MB-231 and BT549 cells from 48 to 72 h
(Fig. 4A). However, shRNA-mediated NCK1 knock-

down decreased the cell viability of LINC00885 over-
expression plasmid-transfected MDA-MB-231 and
BT549 cell lines, compared with that of MDA-MB-
231 and BT549 cells transfected with negative control
shRNA and pcDNA3.1-LINC00885 plasmid (Fig. 4A).
Consistently, LINC00885 upregulation promoted the
migration of TNBC cell lines, which were not affected
by the co-transfection of pcDNA3.1-LINC00885 and
negative control shRNA (Fig. 4B and C). Once NCK1
was downregulated, cell migration and migrated cell
number were restrained in LINC00885-overexpressing
TNBC cell lines (Fig. 4B and C). In addition to that,
LINC00885-overexpression-mediated the increase of
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Fig. 4. Effects of NCK1 on the migration of LINC00885-mediated triple-negative breast cancer cells. MDA-MB-231 and BT549 cells were trans-
fected with pcDNA3.1, LINC00885-overexpression plasmid, pcDNA3.1-LINC00885 + NC-shRNA and pcDNA3.1-LINC00885 + shRNA-NCK1.
(A) Cell growth of MDA-MB-231 cells and BT549 cells as measured using the Cell Counting Kit-8 assay. (B) MDA-MB-231 and (C) BT549 cell
migration was assessed using the Transwell assay. The relative quantification of migrated cells is illustrated in the right panel (scale bar, 25 µm).
∗P < 0.05 and ∗∗P < 0.01. NCK1, noncatalytic region of tyrosine kinase 1; NC, negative control; pcDNA3.1, plasmid NC; si-RNA, small
interfering RNA; pcDNA3.1-LINC00885, LINC00885-overexpression plasmid; siRNA-LINC00885, siRNA targeting LINC00885.
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Fig. 5. Relationship between LINC00885 and miRNA. (A) Two databases predicting miRNAs that bound to LINC00885. (B) The binding
sites between LINC00885 and miR-654-3p as analyzed using the ENCORI database (http://starbase.sysu.edu.cn/). The luciferase activity was
determined using the corresponding kits following transfection with LINC00885-WT and LINC00885-MUT reporter plasmid in the presence
of NC-miR or miR-654-3p mimic. ∗∗P < 0.01, LINC00885-WT and miR-654-3p mimic vs. LINC00885-WT and NC-miR. (C) Cell lysates
were incubated with biotinylated-miR-654-3p or control probes. The presence of LINC00885 in the RNA-binding complex was confirmed using
RT-qPCR. Data are presented as mean ± standard deviation (n = 3). ∗P < 0.05 and ∗∗P < 0.01. (D) Pearson’s correlation analysis was used to
evaluate the relationship of LINC00885 and miR-654-3p in triple-negative breast cancer tissues. (E) Transfections of pcDNA3.1-LINC00885,
siRNA-LINC00885 and the corresponding controls pcDNA3.1 or NC-siRNA were performed on MDA-MB-231 cells. The mRNA levels of
miR-654-3p were measured with RT-qPCR in MDA-MB-231 cells. ∗∗P < 0.01, pcDNA3.1-LINC00885 or siRNA-LINC00885 vs. pcDNA3.1 or
NC-siRNA. ∗P < 0.05 and ∗∗P < 0.01. WT, wild type; MUT, mutation; RT-qPCR, reverse transcription-quantitative PCR; NC, negative control;
pcDNA3.1, plasmid NC; si-RNA, small interfering RNA; pcDNA3.1-LINC00885, LINC00885-overexpression plasmid; siRNA-LINC00885,
siRNA targeting LINC00885.

LDH was also restored by the knockdown of NCK1 in
MDA-MB-231 cells (Fig. S2B). Therefore, LINC00885
upregulation promoted cell viability, migration and
LDH level in TNBC cell lines, that could be rescued by
NCK1 knockdown.

3.5. MiR-654-3p is negatively correlated with
LINC00885 in TNBC cell lines

LncRNAs can function as ceRNAs to inhibit the
degradation of mRNAs by sponging miRNAs in the
cytoplasm of cells [35]. Thus, the present study inves-
tigated if LINC00885 could regulate NCK1 expres-
sion through the ceRNA mechanism by directly binding

to miRNAs in TNBC cell lines. Using LncRNASNP
and ENCORI databases, 17 miRNAs that could bind to
LINC00885 were predicted and screened (Fig. S3A).
Meanwhile, miRNAs binding to NCK1 were predicted
using TargetScan, miRDB, miRWalk and ENCORI,
and 14 candidate miRNAs were identified (Fig. S3B).
The overlapping gene between the 17 miRNAs and 14
candidate miRNAs was miR-654-3p. Thus, miR-654-
3p was screened as the only one candidate that could
bind to LINC00885 and NCK1 (Fig. 5A). Moreover,
the dual-luciferase reporter assay demonstrated that the
luciferase activity in the cells transfected with the lu-
ciferase reporter plasmid LINC00885-WT was inhib-
ited by miR-654-3p mimic (Fig. 5B). However, relative
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Fig. 6. Correlation among LINC00885, miR-654-3p and NCK1. (A) Study on the relationship between NCK1 and miR-654-3p in breast cancer
using the ENCORI database (http://starbase.sysu.edu.cn/). (B) The correlation between the expression of NCK1 and LINC00885 in fresh
triple-negative breast cancer specimens was studied using SPSS 22.0 software (IBM Corp.). (C) NCK1 and miR-654-3p binding site analysis using
the ENCORI database. Following co-transfection of the NCK1-WT or NCK1-MUT reporter vectors with either NC-miR or miR-654-3p mimic,
the respective luciferase reporter kits were used to measure luciferase activity. ∗∗P < 0.01, NCK1-WT and miR-654-3p mimic vs. NCK1-MUT
and NC-miR. (D) Cell lysates were incubated with biotinylated-miR-654-3p or control probes. The expression of NCK1 in an RNA binding
complex was then validated using reverse transcription-quantitative PCR. Data are presented as mean ± standard deviation (n = 3). ∗P <
0.05 and ∗∗P < 0.01. (E) MDA-MB-231 cells were transfected with pcDNA3.1, pcDNA3.1-LINC00885, pcDNA3.1-LINC00885 + NCmiR,
pcDNA3.1-LINC00885 + miR-654-3p mimic, NC-siRNA, LINC00885 siRNA, siRNA-LINC00885 + anti-miR-NC and siRNA-LINC00885 +
anti-miR. The NCK1 protein levels of MDA-MB-231 and BT549 cells were determined by western blotting. ∗P < 0.05 and ∗∗P < 0.01. NCK1,
noncatalytic region of tyrosine kinase 1; WT, wild type; MUT, mutation; R, Pearson’s coefficient; NC, negative control; pcDNA3.1, plasmid NC;
si-RNA, small interfering RNA; pcDNA3.1-LINC00885, LINC00885-overexpression plasmid; siRNA-LINC00885, siRNA targeting LINC00885;
anti-miR, miR inhibitor.

luciferase activity in cells transfected with LINC00885-
MUT luciferase reporter plasmid was not affected by
miR-654-3p mimic (Fig. 5B). These results, combined
with the outcomes of the RNA pull-down assay, con-

firmed the direct binding of LINC00885 to miR-654-3p
in MDA-MB-231 cells (Fig. 5C). In addition , miR-
654-3p emerged as a potential negative correlation fac-
tor of LINC00885 in 40 pairs of TNBC and normal
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Fig. 7. Effect of LINC00885/miR-654-3p/NCK1 pathway on the migration of triple-negative breast cancer cells. MDA-MB-231 and BT549
cells were transfected with pcDNA3.1-LINC00885, pcDNA3.1-LINC00885 + NC-shRNA, pcDNA3.1-LINC00885 + mir-654-3p mimic and
pcDNA3.1-LINC00885 + mir-654-3p mimic + pcDNA3.1-NCK1. (A) Reverse transcription-quantitative PCR was used to observe the growth of
MDA-MB-231 and BT549 cells. Migration of (B) MDA-MB-231 and (C) BT549 cells was measured using the Transwell assay. The relative
quantitation of the transferred cells is illustrated in the right panel (scale bar, 25 µm). ∗P < 0.05 and ∗∗P < 0.01. NCK1, noncatalytic region
of tyrosine kinase 1; WT, wild type; MUT, mutation; R, Pearson’s coefficient; NC, negative control; pcDNA3.1, plasmid NC; si-RNA, small
interfering RNA; pcDNA3.1-LINC00885, LINC00885-overexpression plasmid; siRNA-LINC00885, siRNA targeting LINC00885; anti-miR, miR
inhibitor; pcDNA3.1-NCK1; NCK1-overexpression plasmid.
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tissue samples (Fig. 5D). Moreover, LINC00885 over-
expression also inhibited miR-654-3p expression, while
LINC00885 knockdown increased the expression of
miR-654-3p in MAD-MB-231 cells (Fig. 5E). These re-
sults indicated that miR-654-3p was the potential bind-
ing target of LINC00885 in TNBC cell lines.

3.6. MiR-654-3p is negatively correlated with NCK1
in TNBC cell lines

Based on the ENCORI database, miR-654-3p ap-
peared to be not associated with NCK1 in patients with
BC (BRCA, n = 1,085; Fig. 6A). However, the as-
sociation was analyzed in considering all the patients
with BRCA and was not restricted to patients with
TNBC. Thus, their association was also evaluated in 40
pairs of TNBC and normal tissue samples. In the fresh
TNBC tissues, the negative correlation between miR-
654-3p and NCK1 was further confirmed (r = −0.405;
Fig. 6B). A reporter gene assay was then used to test for
direct binding of miR-654-3p to NCK1. Notably, the
relative luciferase activity of cells transfected with the
NCK1-WT reporter plasmid was shown to be repressed
by the miR-654-3p mimic, although the luciferase ac-
tivity of cells transfected with the NCK1-MUT reporter
plasmid was unaffected by the miR-654-3p mimic, indi-
cating that miR-654-3p could downregulate NCK1 pro-
tein expression (Fig. 6C). Moreover, RNA pull-down
experiment further confirmed the direct binding of miR-
654-3p to NCK1 (Fig. 6D). In summary, NCK1 ex-
pression was inversely correlated with miR-654-3p ex-
pression in TNBC cell lines. Notably, the increase in
NCK1 expression induced by LINC00885 overexpres-
sion was significantly counteracted by the transfection
with miR-654-3p mimic in MDA-M-231 and BT549
cells (Fig. 6E). These results indicated that NCK1 was
the downstream targeting gene of miR-654-3p in TNBC
cell lines and NCK1 expression could be regulated by
the LINC00885/miR-654-3p signaling axis.

3.7. LINC00885/miR-654-3p/NCK1 signaling axis
participates in the tumor behaviors of TNBC cell
lines

The functional roles of NCK1 and miR-654-3p
in LINC00885-mediated alteration of cell migration
were investigated. Using CCK-8 assay, overexpres-
sion of LINC00885 significantly increased the via-
bility of BT549 cells at 48 and 72 h and promoted
cell proliferation of MDA-MB-231 cells from 24–72 h
(Fig. 7A). However, miR-654-3p mimic decreased the

Fig. 8. Schematic diagram of the mechanism. LINC00885 upregu-
lated NCK1 expression by sponging miR-654-3p in TNBC cell lines,
thereby promoting cancer progression.

proliferation of LINC00885-overexpressing TNBC cell
lines compared with that of TNBC cell lines trans-
fected only with pcDNA3.1-LINC00885 (Fig. 7A).
On the other hand, the proliferation inhibitory ef-
fect of miR-654-3p mimic was partially restored in
TNBC that overexpressed both LINC00885 and NCK1
(Fig. 7A). In addition, the combined transfection of
pcDNA3.1-LINC00885 and miR-NC did not affect the
pro-migration role and the upregulation of LDH by
LINC00885 overexpression (Fig. 7B, 7C and Fig. S2C).
Once the miR-654-3p mimic was transfected, the cell
migration and LDH level decreased in LINC00885-
overexpressing TNBC cell lines (Fig. 7B, 7C and
Fig. S2C). Upon NCK1 overexpression, the inhibitory
effect of miR-654-3p mimics could be slightly re-
stored. Therefore, LINC00885 overexpression pro-
moted the proliferation and migration of MDA-MB-
231 and BT549 cells. Possibly, the tumor-promoting
properties of LINC00885 could be regulated by the
miR-654-3p/NCK1 signaling axis.

4. Discussion

TNBC is a subtype of BC with a considerable mi-
gration characteristics and a high degree of malignancy
and heterogeneity [36,37]. TNBC is one of the most
fatal cancers in females because of its poor progno-
sis and limited treatment options; moreover, blockade
of cell migration is the primary approach for amelio-
rating TNBC [38,39]. The present findings indicated
that LINC00885 was highly expressed in TNBC cell
lines and LINC00885 increased the tumor behaviors
of TNBC cell lines through promoting NCK1 expres-
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sion; therefore, LINC00885 could be a positive regu-
lator of cell migration and aerobic glycolysis in TNBC
cell lines.

LINC00885 is an oncogenic factor in cervical carci-
noma (CeC) [40,41] and early-stage BC [42]. Increased
levels of LINC00885 in CeC tissues may be considered
prognostic biomarkers [41]. These results suggested
that LINC00885 had a high level of upregulation and
was related to overall survival in patients with TNBC.
LINC00885 promoted tumorigenesis and invasion of
CeC cells [40,43]. LINC00885 silencing in BC cells
significative decreased cell migration and motility by
downregulating the expression of proliferation-related
transcripts such as epiregulin, MYC proto-oncogene
and cyclin D1 [42]. The present functional analysis re-
vealed that overexpression of LINC00885 could pro-
mote the migration of TNBC cell lines. These results
showed that LINC00885 was involved in the migra-
tion of TNBC cell lines. Possibly, the abnormally in-
creased expression of LINC00885 in TNBC might be
related to the increased cell migration. Previous study
also suggested that LINC01605 remarkably restrained
cell proliferation and migration, as well as aerobic gly-
colysis by inhibiting LDH in TNBC cell lines [44].
Herein, LINC00885 also positively regulated the level
of LDH in TNBC cell lines. Thus, the promotive role
of LINC00885 on cell migration might also be related
to the process of aerobic glycolysis.

The ceRNA acts as a miRNA ‘sponge’ and competes
with miRNA-targeted mRNAs to influence miRNA-
mediated gene regulation [45]. LINC00885 promoted
tumorigenesis of colorectal cancer (CoC) in in vivo
model by upregulating MACC1 expression as ceRNA
for microRNA-432-5p [46]. LINC00885 promoted CoC
progression by sponging miR-3150b-3p and upregu-
lating bromodomain adjacent to zinc finger domain
2A [41–43,46]. Thus, LINC00885 could regulate cell
proliferation and migration via the ceRNA mechanism,
thereby influencing the development of TNBC. MiR-
654-3p inhibited non-small cell lung cancer tumori-
genesis [47]. Previous study demonstrated that miR-
654-3p might exert a suppressor role in hepatocellu-
lar carcinoma through inhibiting tumor cell prolifera-
tion, migration, and invasion [48]. The in vitro restora-
tion of miR-654-3p decreased cell proliferation and
migration and induced reprogramming of metastasis-
related genes in Papillary thyroid carcinoma cells [49].
However, in the present study, miR-654-3p inhibition
could reverse LINC00885-mediated the increase of pro-
liferation and migration in TNBC cell lines. There-
fore, LINC00885 induced cell viability and migration in

TNBC cell lines by sponging miR-654-3p. In addition,
the present results demonstrated that NCK1 expres-
sion was positively correlated with LINC00885 expres-
sion and miR-654-3p was negatively associated with
NCK1. LINC00885 regulated downstream NCK1 ex-
pression by targeting mir-654-3p through the ceRNA
mechanism. A previous study indicated that NCK1 reg-
ulated EGFR-induced cell migration and tumor migra-
tion with an on-off mechanism [50]. The migration-
promoting effect of NCK1 was demonstrated in sev-
eral types of cancer including BC [51]. In the present
study, the miR-654-3p-mediated improvement of the
tumor process could be counteracted by the upregula-
tion of NCK1. Collectively, LINC00885 upregulated
NCK1 expression by sponging miR-654-3p in TNBC
cell lines, thereby promoting cancer progression. The
LINC00885/miR-654-3p/NCK1 pathway may play an
important role in TNBC cell migration (Fig. 8).

Although the present study identified a novel lncRNA
associated with an increased malignant potential in
TNBC, which may become a novel biomarker and po-
tential therapeutic target for TNBC, there are still some
drawbacks to be solved in future studies. Firstly, the
present findings could not be further confirmed due to
the lack of in vivo tumor migration models. Secondly, a
single lncRNAs/miRNAs signaling axis is not sufficient
to prompt a clinical application and change the status
quo of clinical treatment. Simultaneously, further stud-
ies are needed to determine how NCK1 affects tumor
cell migration.

5. Conclusion

In summary, the current study uncovered the promo-
tive role of LINC00885 on cell migration in TNBC, elu-
cidating a novel ceRNA network for LINC00885/miR-
654-3p/NCK1 in TNBC cell lines. LINC00885 might
become a new biomarker for the prediction of cell mi-
gration and the treatment of TNBC.

Acknowledgments

Not applicable.

Author contributions

Conception: S.J.Y.
Interpretation or analysis of data: H.P.N., L.Z. and
Q.J.X.



76 P. He et al. / Long noncoding RNA LINC00885 upregulates NCK1 to promote cell viability and migration

Preparation of the manuscript: H.P.N. and S.J.R.
Revision for important intellectual content: S.J.Y., L.Z.
and Q.J.X.
Supervision: S.J.Y and H.P.N.
All authors had full access to the data in the study and
take responsibility for the integrity of the data and the
accuracy of the data analysis.

Funding

This work was supported by Henan Provincial Health
Commission Project (Wjlx2021091 and Wjlx2021455).

Availability of data and materials

All data generated or analyzed during this study are
included in this published article and its additional files.

Ethics approval and Consent to participate

All experiments were approved by the Ethics Com-
mittee of Pingdingshan University. The data analyzed
in this study all were downloaded from online database.

Patients consent for publication

Not applicable.

Conflict of interest

The authors declare that they have no competing
interests.

Supplementary data

The supplementary files are available to download
from http://dx.doi.org/10.3233/CBM-230143.

List of abbreviations

TNBC, triple-negative breast cancer; ER, estrogen
receptor; PR, progesterone receptor; HER2, human epi-
dermal growth factor 2; OC, ovarian carcinoma; EMT,

epithelial mesenchymal transition; ECM, extracellular
matrix; NCK1, Noncatalytic region of tyrosine kinase 1;
TCGA, The Cancer Genome Atlas; GEPIA, Gene Ex-
pression Profiling Interactive Analysis; BRCA, breast
carcinoma; CSCC, cervical squamous cell carcinoma;
ceRNA, competing endogenous RNAs; CC, cervical
cancer;

References

[1] R.L. Siegel, K.D. Miller and A. Jemal, Cancer statistics, 2020,
CA Cancer J Clin 70 (2020), 7–30. doi: 10.3322/caac.21590.

[2] F. Bray, J. Ferlay, I. Soerjomataram, R.L. Siegel, L.A. Torre
and A. Jemal, Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers
in 185 countries, CA Cancer J Clin 68 (2018), 394–424. doi:
10.3322/caac.21492.

[3] A. Goldhirsch, W.C. Wood, A.S. Coates, R.D. Gelber, B.
Thurlimann, H.J. Senn and M. Panel, Strategies for subtypes –
dealing with the diversity of breast cancer: highlights of the St.
Gallen International Expert Consensus on the Primary Therapy
of Early Breast Cancer 2011, Ann Oncol 22 (2011), 1736–
1747. doi: 10.1093/annonc/mdr304.

[4] H.K. Chew, Adjuvant therapy for breast cancer: who should get
what? West J Med 174 (2001), 284–287. doi: 10.1136/ewjm.
174.4.284.

[5] A. de Matteis, F. Nuzzo, G. D’Aiuto, V. Labonia, G. Landi,
E. Rossi, A.A. Mastro, G. Botti, E. De Maio and F. Perrone,
Docetaxel plus epidoxorubicin as neoadjuvant treatment in
patients with large operable or locally advanced carcinoma of
the breast: a single-center, phase II study, Cancer 94 (2002),
895–901. doi: 10.1002/cncr.20335.abs.

[6] J.D. Brenton, L.A. Carey, A.A. Ahmed and C. Caldas, Molec-
ular classification and molecular forecasting of breast can-
cer: ready for clinical application? J Clin Oncol 23 (2005),
7350-7360. doi: 10.1200/JCO.2005.03.3845.

[7] A.A. Jitariu, A.M. Cimpean, D. Ribatti and M. Raica, Triple
negative breast cancer: the kiss of death, Oncotarget 8 (2017),
46652–46662. doi: 10.18632/oncotarget.16938.

[8] X. Bao, R. Shi, T. Zhao, Y. Wang, N. Anastasov, M. Rosemann
and W. Fang, Integrated analysis of single-cell RNA-seq and
bulk RNA-seq unravels tumour heterogeneity plus M2-like
tumour-associated macrophage infiltration and aggressiveness
in TNBC, Cancer Immunol Immunother 70 (2021), 189–202.
doi: 10.1007/s00262-020-02669-7.

[9] Y.S. Weng, H.Y. Tseng, Y.A. Chen, P.C. Shen, A.T. Al Haq,
L.M. Chen, Y.C. Tung and H.L. Hsu, MCT-1/miR-34a/IL-
6/IL-6R signaling axis promotes EMT progression, cancer
stemness and M2 macrophage polarization in triple-negative
breast cancer, Mol Cancer 18 (2019), 42. doi: 10.1186/s12943-
019-0988-0.

[10] A. Lopez-Soto, S. Gonzalez and M.J. Smyth, L. Galluzzi,
Control of Metastasis by NK Cells, Cancer Cell 32 (2017),
135–154. doi: 10.1016/j.ccell.2017.06.009.

[11] R. Kalluri and R.A. Weinberg, The basics of epithelial-
mesenchymal transition, J Clin Invest 119 (2009), 1420–1428.
doi: 10.1172/JCI39104.

[12] S. Lamouille, J. Xu and R. Derynck, Molecular mechanisms
of epithelial-mesenchymal transition, Nat Rev Mol Cell Biol
15 (2014), 178–196. doi: 10.1038/nrm3758.

[13] W. Li, J. Duan, W. Shi, L. Lei and P. Lv, Long Non-Coding



P. He et al. / Long noncoding RNA LINC00885 upregulates NCK1 to promote cell viability and migration 77

RNA NCK1-AS1 Serves an Oncogenic Role in Gastric Cancer
by Regulating miR-137/NUP43 Axis, Onco Targets Ther 13
(2020), 9929–9939. doi: 10.2147/OTT.S259336.

[14] P. Paensuwan, J. Ngoenkam, A. Wangteeraprasert and S.
Pongcharoen, Essential function of adaptor protein Nck1 in
platelet-derived growth factor receptor signaling in human lens
epithelial cells, Sci Rep 12 (2022), 1063. doi: 10.1038/s41598-
022-05183-1.

[15] X. Liu, J. Zhang, Z. Duan, X. Feng, Y. Yu, M. He and L.
Tang, Nck1 promotes the progression of ovarian carcinoma
by enhancing the PI3K/AKT/p70S6K signaling, Hum Cell 33
(2020), 768–779. doi: 10.1007/s13577-020-00344-8.

[16] H. Chang, B. Li, X. Zhang and X. Meng, NCK1-AS1 pro-
motes NCK1 expression to facilitate tumorigenesis and chemo-
resistance in ovarian cancer, Biochem Biophys Res Commun
522 (2020), 292-299. doi: 10.1016/j.bbrc.2019.11.014.

[17] F. Zhang, Y.X. Lu, Q. Chen, H.M. Zou, J.M. Zhang, Y.H.
Hu, X.M. Li, W.J. Zhang, W. Zhang, C. Lin and X.N. Li,
Identification of NCK1 as a novel downstream effector of
STAT3 in colorectal cancer metastasis and angiogenesis, Cell
Signal 36 (2017), 67–78. doi: 10.1016/j.cellsig.2017.04.020.

[18] P. Xia, M. Huang, Y. Zhang, X. Xiong, M. Yan, X. Xiong, W.
Yu and E. Song, NCK1 promotes the angiogenesis of cervical
squamous carcinoma via Rac1/PAK1/MMP2 signal pathway,
Gynecol Oncol 152 (2019), 387–395. doi: 10.1016/j.ygyno.
2018.11.013.

[19] M. Oser, A. Dovas, D. Cox and J. Condeelis, Nck1 and Grb2
localization patterns can distinguish invadopodia from po-
dosomes, Eur J Cell Biol 90 (2011), 181–188. doi: 10.1016/j.
ejcb.2010.08.006.

[20] S.S. Stylli, T.T.I. Stacey, A.M. Verhagen, S.S. Xu, I. Pass, S.A.
Courtneidge and P. Lock, Nck adaptor proteins link Tks5 to
invadopodia actin regulation and ECM degradation, Journal of
Cell Science 122 (2009), 2727–2740. doi: 10.1242/jcs.046680.

[21] M. Oser, C.C. Mader, H. Gil-Henn, M. Magalhaes, J.J. Bravo-
Cordero, A.J. Koleske and J. Condeelis, Specific tyrosine phos-
phorylation sites on cortactin regulate Nck1-dependent actin
polymerization in invadopodia, Journal of Cell Science 123
(2010), 3662–3673. doi: 10.1242/jcs.068163.

[22] P. He, J. Sheng, J. Qi, X. Bai, J. Li, F. Wang, Y. Yuan and X.
Zheng, STAT3-induced NCK1 elevation promotes migration
of triple-negative breast cancer cells via regulating ERK1/2
signaling, Mol Biol Rep 49 (2022), 267–278. doi: 10.1007/
s11033-021-06868-y.

[23] T. Rajagopal, S. Talluri, R.L. Akshaya and N.R. Dunna, HO-
TAIR LncRNA: A novel oncogenic propellant in human can-
cer, Clin Chim Acta 503 (2020), 1–18. doi: 10.1016/j.cca.2019.
12.028.

[24] A. Finotti, E. Fabbri, I. Lampronti, J. Gasparello, M. Borgatti
and R. Gambari, MicroRNAs and Long Non-coding RNAs in
Genetic Diseases, Mol Diagn Ther 23 (2019), 155–171. doi:
10.1007/s40291-018-0380-6.

[25] A. Bhan, M. Soleimani and S.S. Mandal, Long Noncoding
RNA and Cancer: A New Paradigm, Cancer Res 77 (2017),
3965–3981. doi: 10.1158/0008-5472.CAN-16-2634.

[26] V.Y. Shin and K.M. Chu, MiRNA as potential biomarkers and
therapeutic targets for gastric cancer, World J Gastroenterol
20 (2014), 10432–10439. doi: 10.3748/wjg.v20.i30.10432.

[27] H. Hansji, E.Y. Leung, B.C. Baguley, G.J. Finlay and M.E.
Askarian-Amiri, Keeping abreast with long non-coding RNAs
in mammary gland development and breast cancer, Front Genet
5 (2014), 379. doi: 10.3389/fgene.2014.00379.

[28] M.K. Tripathi, K. Doxtater, F. Keramatnia, C. Zacheaus,
M.M. Yallapu, M. Jaggi and S.C. Chauhan, Role of lncR-

NAs in ovarian cancer: defining new biomarkers for therapeu-
tic purposes, Drug Discov Today 23 (2018), 1635–1643. doi:
10.1016/j.drudis.2018.04.010.

[29] C.M. Wong, F.H. Tsang and I.O. Ng, Non-coding RNAs in
hepatocellular carcinoma: molecular functions and patholog-
ical implications, Nat Rev Gastroenterol Hepatol 15(2018),
137-151. doi: 10.1038/nrgastro.2017.169.

[30] J.R. Alvarez-Dominguez and H.F. Lodish, Emerging mech-
anisms of long noncoding RNA function during normal and
malignant hematopoiesis, Blood 130 (2017), 1965–1975. doi:
10.1182/blood-2017-06-788695.

[31] L. Poliseno, L. Salmena, J. Zhang, B. Carver, W.J. Haveman
and P.P. Pandolfi, A coding-independent function of gene and
pseudogene mRNAs regulates tumour biology, Nature 465
(2010), 1033–1038. doi: 10.1038/nature09144.

[32] M. Cesana, D. Cacchiarelli, I. Legnini, T. Santini, O. Sthandier,
M. Chinappi, A. Tramontano and I. Bozzoni, A long noncod-
ing RNA controls muscle differentiation by functioning as a
competing endogenous RNA, Cell 147 (2011), 358–369. doi:
10.1016/j.cell.2011.09.028.

[33] M.C. Abba, T. Gong, Y. Lu, J. Lee, Y. Zhong, E. Lacunza, M.
Butti, Y. Takata, S. Gaddis, J. Shen, M.R. Estecio, A.A. Sahin
and C.M. Aldaz, A Molecular Portrait of High-Grade Ductal
Carcinoma In Situ, Cancer Res 75 (2015), 3980–3990. doi:
10.1158/0008-5472.CAN-15-0506.

[34] K.J. Livak and T.D. Schmittgen, Analysis of relative gene
expression data using real-time quantitative PCR and the 2(-
Delta Delta C(T)) Method, Methods 25 (2001), 402-408. doi:
10.1006/meth.2001.1262.

[35] Y. Tay, J. Rinn and P.P. Pandolfi, The multilayered complexity
of ceRNA crosstalk and competition, Nature 505 (2014), 344–
352. doi: 10.1038/nature12986.

[36] S.J. Yang, D.D. Wang, S.L. Zhong, W.Q. Chen, F.L. Wang,
J. Zhang, W.X. Xu, D. Xu, Q. Zhang, J. Li, H.D. Zhang, J.C.
Hou, L. Mao and J.H. Tang, Tumor-derived exosomal cir-
cPSMA1 facilitates the tumorigenesis, metastasis, and migra-
tion in triple-negative breast cancer (TNBC) through miR-
637/Akt1/beta-catenin (cyclin D1) axis, Cell Death Dis 12
(2021), 420. doi: 10.1038/s41419-021-03680-1.

[37] S.Y. Wu, C.F. Lee, H.T. Lai, C.T. Yu, J.E. Lee, H. Zuo, S.Y.
Tsai, M.J. Tsai, K. Ge, Y. Wan and C.M. Chiang, Opposing
Functions of BRD4 Isoforms in Breast Cancer, Mol Cell 78
(2020), 1114–1132 e1110. doi: 10.1016/j.molcel.2020.04.034.

[38] R. Taftaf, X. Liu, S. Singh, Y. Jia, N.K. Dashzeveg, A.D. Hoff-
mann, L. El-Shennawy, E.K. Ramos, V. Adorno-Cruz, E.J.
Schuster, D. Scholten, D. Patel, Y. Zhang, sA.A. Davis, C.
Reduzzi, Y. Cao, P. D’Amico, Y. Shen, M. Cristofanilli, W.A.
Muller, V. Varadan and H. Liu, ICAM1 initiates CTC clus-
ter formation and trans-endothelial migration in lung metas-
tasis of breast cancer, Nat Commun 12 (2021), 4867. doi:
10.1038/s41467-021-25189-z.

[39] D. Zhou, X. Zhao, M. Yu, Y. Xu, C. Fu, K. Zheng, C. Xia,
B. Huang and S. Ma, Anti-migration and anti-invasion effects
of 2-hydroxy-6-tridecylbenzoic acid is associated with the
enhancement of CYP1B1 expression through activating the
AMPK signaling pathway in triple-negative breast cancer cells,
Nat Prod Res 35 (2021), 5924–5928. doi: 10.1080/14786419.
2020.1803310.

[40] H. Chen, Y. Chi, M. Chen and L. Zhao, Long Intergenic Non-
Coding RNA LINC00885 Promotes Tumorigenesis of Cervical
Cancer by Upregulating MACC1 Expression Through Serv-
ing as a Competitive Endogenous RNA for microRNA-432-
5p, Cancer Manag Res 13 (2021), 1435-1447. doi: 10.2147/
CMAR.S291778.



78 P. He et al. / Long noncoding RNA LINC00885 upregulates NCK1 to promote cell viability and migration

[41] Y. Liu, H. Tu, L. Zhang, J. Xiong and L. Li, FOXP3 induced
LINC00885 promotes the proliferation and invasion of cervi-
cal cancer cells, Mol Med Rep 23 (2021). doi: 10.3892/mmr.
2021.12097.

[42] M.C. Abba, R. Canzoneri, A. Gurruchaga, J. Lee, P. Tatineni,
H. Kil, E. Lacunza and C.M. Aldaz, LINC00885 a Novel
Oncogenic Long Non-Coding RNA Associated with Early
Stage Breast Cancer Progression, Int J Mol Sci 21 (2020). doi:
10.3390/ijms21197407.

[43] Y. Liu, J. Chen, L. Zhou and C. Yin, LINC00885 promotes
cervical cancer progression through sponging miR-3150b-
3p and upregulating BAZ2A, Biol Direct 17 (2022), 4. doi:
10.1186/s13062-021-00314-6.

[44] W. Wang, X. He, Y. Wang, H. Liu, F. Zhang, Z. Wu, S. Mo and
D. Chen, LINC01605 promotes aerobic glycolysis through lac-
tate dehydrogenase A in triple-negative breast cancer, Cancer
Sci 113 (2022), 2484–2495. doi: 10.1111/cas.15370.

[45] Z. Lu, X. Xu, H. Peng, R. Li and J. Zeng, Long chain non-
coding RNA SDHAP1 targeting miR-300 affects the prolifera-
tion and invasion of non-small cell lung cancer, Minerva Surg
(2021). doi: 10.23736/S2724-5691.21.09174-7.

[46] Long Intergenic Non-Coding RNA LINC00885 Promotes
Tumorigenesis of Cervical Cancer by Upregulating MACC1
Expression Through Serving as a Competitive Endogenous
RNA for microRNA-432-5p [Expression of Concern], Cancer
Manag Res 14 (2022), 2307–2308. doi: 10.2147/CMAR.

S384685.
[47] J.T. Pu, Z. Hu, D.G. Zhang, T. Zhang, K.M. He and T.Y.

Dai, MiR-654-3p Suppresses Non-Small Cell Lung Cancer
Tumourigenesis by Inhibiting PLK4, Onco Targets Ther 13
(2020), 7997–8008. doi: 10.2147/OTT.S258616.

[48] J. Yang, Z. Zhang, S. Chen, W. Dou, R. Xie and J. Gao, miR-
654-3p predicts the prognosis of hepatocellular carcinoma and
inhibits the proliferation, migration, and invasion of cancer
cells, Cancer Biomark 28 (2020), 73–79. doi: 10.3233/CBM-
191084.

[49] M.V. Geraldo, H.I. Nakaya and E.T. Kimura, Down-regulation
of 14q32-encoded miRNAs and tumor suppressor role for
miR-654-3p in papillary thyroid cancer, Oncotarget 8 (2017),
9597–9607. doi: 10.18632/oncotarget.14162.

[50] M. Huang, S. Anand, E.A. Murphy, J.S. Desgrosellier, D.G.
Stupack, S.J. Shattil, D.D. Schlaepfer and D.A. Cheresh,
EGFR-dependent pancreatic carcinoma cell metastasis through
Rap1 activation, Oncogene 31 (2012), 2783–2793. doi:
10.1038/onc.2011.450.

[51] D.C. Morris, J.L. Popp, L.K. Tang, H.C. Gibbs, E. Schmitt, S.P.
Chaki, B.C. Bywaters, A.T. Yeh, W.W. Porter, R.C. Burghardt,
R. Barhoumi and G.M. Rivera, Nck deficiency is associated
with delayed breast carcinoma progression and reduced metas-
tasis, Mol Biol Cell 28 (2017), 3500–3516. doi: 10.1091/mbc.
E17-02-0106.


