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miR-589-3p sponged by the IncRNA TINCR inhibits
the proliferation, migration and invasion and promotes

the apoptosis of breast cancer cells by suppressing
the Akt pathway via IGF1R
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Abstract. The long non-coding (Inc)RNA named tissue
differentiation inducing non-protein coding RNA (TINCR) is
a tumor marker that has not been studied in breast cancer. The
present study aimed to investigate the TINCR-targeting micro
(mi)RNAs and the regulatory mechanisms of TINCR in breast
cancer. Following prediction by TargetScan and confirmation
by dual-luciferase reporter assay, TINCR was demonstrated
to be a target gene for miR-589-3p. The expression of TINCR
and miR-589-3p in breast cancer and adjacent tissues was
detected by reverse transcription-quantitative (RT-q)PCR, and
the correlation between TINCR and miR-589-3p expression
was determined by using Spearman correlation analysis. The
S5-years survival was analyzed in patients with breast cancer
according to TINCR expression (high or low). The effects of
TINCR and miR-589-3p on the proliferation, apoptosis, migra-
tory and invasive abilities of some breast cancer cell lines
were detected by MTT assay, flow cytometry, wound healing
assay and Transwell assay. The target gene of miR-589-3p
was predicted and verified by TargetScan and dual-luciferase
reporter assay, and the mechanism of miR-589-3p involve-
ment in breast cancer cells was explored by overexpression or
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downregulation of miR-589-3p in breast cancer cells. RT-qPCR
and western blotting were used to determine the expression
of the insulin-like growth factor 1 receptor (IGF1R)/AKT
pathway-related genes. The results demonstrated that TINCR
expression level was negatively correlated with miR-589-3p
expression level in breast cancer tissues and that patients with
high expression of TINCR presented with lower survival rates.
In addition, TINCR overexpression in cancer cells inhibited
miR-589-3p expression, and cell transfection with miR-589-3p
mimic partially reversed the effect of TINCR overexpres-
sion on the promotion of cancer cell proliferation, migration
and invasion, and on the inhibition of cancer cell apoptosis.
Furthermore, IGF1R, which is a target gene of miR-589-3p,
increased cancer cell proliferation, migration and invasion
and inhibited cancer cell apoptosis; however, these effects
were partially reversed by miR-589-3p mimic. Furthermore,
the results demonstrated that miR-589-3p mimic could
downregulate the protein expression of IGFIR and p-AKT. In
addition, TINCR overexpression downregulated miR-589-3p
expression level. miR-589-3p partially reversed the effects of
TINCR overexpression on cancer cell proliferation, migration
and invasion, and inhibited cancer cell apoptosis by inhibiting
the IGFIR-Akt pathway. The results from the present study
demonstrated that TINCR may sponge miR-589-3p in order to
inhibit IGFIR-Akt pathway activation in breast cancer cells,
promoting therefore cancer cell proliferation, migration and
invasion.

Introduction

Breast cancer is the most common malignant tumor among
women worldwide and represents one of the major life threat-
ening diseases in women (1). In 2019, ~268,600 new cases of
breast cancer were diagnosed and 41,760 women died from
this disease in US (2). Breast cancer mostly occurs in women
between the ages of 55 and 60 years (1). Long menstruation,
no history of pregnancy, long-term use of hormonal contracep-
tives and obesity are the main factors contributing to breast
cancer occurrence (1). Epidemiological studies reported that
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abnormal amplification of certain genes and mutations as well
as genetic susceptibility modifications also serve crucial roles
in the development of breast cancer (3,4). It has been reported
that 5-10% of breast cancer cases are due to genetic disorders,
such as BRCA1 and BRCA2 mutations, which are associ-
ated with the hereditary breast-ovarian cancer syndrome (5).
According to global statistics released by the International
Agency for Research on Cancer in 2018, the incidence of
breast cancer accounted for 11.6% of all cancers and repre-
sented the second most common cancer worldwide after lung
cancer (6). In addition, breast cancer is a leading cause of
cancer-associated mortality in women. In addition, the inci-
dence of breast cancer has significantly grown worldwide, and
has increased by ~10 times in the last decade (7). It is therefore
urgent to determine some genes that could be associated with
the proliferation, metastasis and apoptosis of breast cancer
cells, in order to develop novel treatment.

With the continuous expansion of the Human Genome
Project and the development of innovative technologies,
including transcriptome and high-throughput gene sequencing,
genetic mysteries have been gradually revealed. In 2012, the
Encyclopedia of DNA Elements project has confirmed that
non-coding RNAs are no longer RNAs of low interest, but
are instead largely involved in numerous biological processes,
including cell proliferation, differentiation and apoptosis (8).
Long non-coding RNAs (IncRNAs) are defined as transcripts
of >200 nucleotides in length that are not translated into
proteins and that account for much of the transcribed genome.
Previous studies reported that IncRNAs serve crucial roles
in the development, diagnosis and treatment of certain types
of tumor, including non-small cell lung cancer and colorectal
cancer (9-12). Tissue differentiation inducing non-protein
coding RNA (TINCR) is a key IncRNA of ~3,700 bp in length,
which induces human epidermal differentiation following tran-
scription (13). TINCR is a human skin disease-mutated gene,
and its deletion can cause epidermal formation disorder (13).
The mechanism of TINCR action is related to the binding
of staufenl (STAUL) protein and the stabilization of relevant
differentiation genes mRNAs (14). It has been demonstrated
that TINCR is abnormally expressed in a variety of malignant
tumors, including gastric cancer (15), colon cancer (16), bladder
cancer (17) and hepatocellular carcinoma (18), indicating
that TINCT might be used as a biomarker for early tumor
diagnosis. Gao et al (19) reported that the transcription factor
SP1-induced upregulation of TINCR inhibits cell migration
and invasion by regulating miR-107 and miR-1286 expression
in lung adenocarcinoma. Furthermore, TINCR interacts with
miR-335, and silencing TINCR inhibits epithelial ovarian
cancer progression in vitro and in vivo by reducing fibroblast
growth factor 2 expression (20). A meta-analysis demonstrated
that TINCR overexpression might increase tumor size and
worsen prognosis of patients with cancer (such as breast cancer
and liver cancer) (21). In breast cancer, activation of TINCR by
H3K27 acetylation promotes cell resistance to trastuzumab and
epithelial-mesenchymal transition by targeting miR-125b (22).
A previous study reported that upregulation of the competing
endogenous RNA TINCR by transcription factor SP1 contrib-
utes to the tumorigenesis of breast cancer (23). Furthermore,
the results from co-expression network analysis reported
that TINCR expression is associated with breast cancer
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prognosis (24). By using the Gene Expression Omnibus
(GEO) and The Cancer Genome Atlas (TCGA), it has been
demonstrated that TINCR is significantly elevated in breast
cancer cells (25). However, the underlying mechanisms remain
unknown, and treatment for patients with breast cancer must
be developed.

MicroRNAs (miRNAs) are a class of highly conserved
single-stranded non-coding small RNAs that serve crucial
roles in the growth and development of organisms (26).
Although miRNAs account for only ~2% of human genomes,
they can regulate ~21,000 protein-coding genes (27). In-depth
study of miRNAs will benefit cancer treatment and prognosis,
by allowing early clinical diagnosis and therefore suggesting
the most appropriate treatment for patients with breast cancer.
Previous studies reported that TINCR can sponge certain
miRNAs to promote cancer progression. For example, TINCR
has been demonstrated to sponge miR-214-5p in order to
upregulate Rho associated coiled-coil containing protein
kinase 1 in hepatocellular carcinoma cells, leading therefore
to the promotion cancer cell invasion and migration (18).
Chen et al (28) reported that TINCR sponges miR-375 to
upregulate pyruvate dehydrogenase kinase 1 that leads to
gastric cancer progression. The present study used the breast
cancer cell lines MCF-7 and MDA-MB-231 in order to explore
the targeted relationship between TINCR and miR-589-3p,
and to determine the underlying mechanism of miR-589-3p in
breast cancer. The findings from this study may provide a reli-
able experimental basis for miRNA treatment of breast cancer.

Materials and methods

Cell culture. The MCF-7 (HTB-22) and MDA-MB-231
(HTB-26) cell lines used in the present study were purchased
from the American Type Culture Collection. The cells were
cultured in DMEM-H medium (cat. no. 12110-500; Beijing
Solarbio Science & Technology Co., Ltd.) containing 10%
fetal bovine serum (FBS; cat. no. 0025; ScienCell Research
Laboratories, Inc.) and placed at 37°C in a humidified incu-
bator containing 5% CO,.

Specimen collection form patients with breast cancer. Breast
cancer and adjacent normal tissues of 68 patients with breast
cancer (age range, 26-58 years; mean age, 42 years) treated
at the Affiliated Zhongshan Hospital of Dalian University for
breast surgery were collected between January 2012 and June
2018, whether they had received chemotherapy or not. Fresh
specimens obtained during the surgery were immediately
washed with physiological saline, frozen in liquid nitrogen and
stored at -80°C. The present study has been approved by the
Ethics Committee of Affiliated Zhongshan Hospital of Dalian
University (approval no. 201112013RXW) and all patients
signed informed consent.

Target gene prediction. The miRNAs targeted by TINCR were
predicted by the StarBase database (http://starbase.sysu.edu.
cn/index.php). TargetScan database (http://www.targetscan.
org) was used to predict targeted genes for miRNAs.

Cell transfection. TINCR overexpression vector was
constructed using pcDNA3.2 (cat. no. 12489019; Gibco;
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Thermo Fisher Scientific, Inc.). The primer sequences for
PCR of TINCR cDNA were as follows: TINCR, forward
5'-CCCAAGCTTGGTCTGGGCTCCCAGGTGGACC-3' and
reverse 5'-AGCGATATCCTATAGTTGTTTTCAAACATG
TAATCTT-3'". After obtaining the full-length sequence of
TINCR by reverse transcription-quantitative (RT-q)PCR,
the TINCR gene was cloned into the pcDNA3.2 to obtain
pc-TINCR. MCF-7 and MDA-MB-231 cells in the logarithmic
growth stage were seeded in 6-well plates at the density of
2x10° cells/well one day prior to transfection. Cell transfection
was performed when cells reached 70~80% confluence by using
Lipofectamine™ 3000 kit (cat. no. L3000015; Thermo Fisher
Scientific, Inc.). Briefly, 1 ug of pc-TINCR, pcDNA3.2 vector,
TINCR small-interfering RNA (siTINCR; cat. no. SR316884;
Origene), negative control siRNA (cat. no. SR30004; Origene),
miR-589-3p mimic (cat. no.4464066; Thermo Fisher Scientific,
Inc.), miR-589-3p inhibitor (cat. no. 4464084, Thermo Fisher
Scientific, Inc.), mimic control (cat. no. 4464058; Thermo
Fisher Scientific, Inc.), inhibitor control (cat. no. 4464076,
Thermo Fisher Scientific, Inc.), IGFIR (cat. no. RC214928;
Origene) or IGFIR small interfering RNA (siIGFIR;
cat. no. siB05109161217-1-5; RiboBio) were diluted in 50 ul of
Opti-MEM® medium (cat. no. 31985062; Invitrogen; Thermo
Fisher Scientific, Inc.). In addition, 3 ul Lipofectamine™ 3000
reagent was diluted in 50 ul Opti-MEM. The two solutions
were then mixed together and were incubated for 15 min at
room temperature. Subsequently, pc-TINCR, pcDNA3.2
vector, miR-589-3p mimic, mimic control or silGFIR was
added to MCF-7 cells seeded in a 6-well plate at the density of
5x10%/well (500 pul). Furthermore, siTINCR, negative control
siRNA, miR-589-3p inhibitor, inhibitor control or silGFIR
was added to MDA-MB-231 cells seeded in a 6-well plates
at the density of 5x10%/well (500 ul). In addition, MCF-7 cells
were co-transfected with pc-TINCR and miR-589-3p mimic,
or IGFIR and miR-589-3p mimic. MDA-MB-231 cells were
also co-transfected with siTINCR and miR-589-3p inhibitor,
or silGFIR and miR-589-3p inhibitor. Expression of TINCR,
miR-589-3p and IGFIR was measured after 24 h transfection.

Luciferase assay. PmirGLO reporter plasmids (cat.
no. CL414-01; Biomed) containing wild type TINCR
(TINCR-wt) or mutant TINCR (TINCR-mut), or wild type
IGFIR (IGF1R-wt) or mutant IGF1IR (IGF1R-mut) were
constructed. MCF-7 and MDA-MB-231 cells in logarithmic
growth phase were washed twice with PBS, and harvested
by using 6 ml 0.25% trypsin (cat. no. 25200072; Invitrogen;
Thermo Fisher Scientific, Inc.) from a 10-cm culture dish.
Once cells were evenly distributed into the dish, the culture was
terminated by adding medium containing 15% fetal calf serum
(cat. no. C0251; Beyotime Institute of Biotechnology). Cells
were seeded in 6-well plates at the density of 5x10° cells/well
and placed in an incubator at 37°C. After 24 h, the co-trans-
fection was initiated by adding 50 ng pmirGLO plasmid and
100 pmol miR-589-3p mimic (or miR-589-3p mimic control)
in each well. After 48 h, luciferase activity was detected by
using the dual-luciferase reporter kit (cat. no. 16184; Thermo
Fisher Scientific, Inc.). After aspirating the culture medium,
cells were washed once by PBS. Subsequently, 500 1 PLB
was added to the cells that were gently shaken for 15 min
at room temperature. Firefly luciferase activity (firefly) was
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measured after adding 100 1 LARII to 20 pl sample lysate.
Eventually, 100 ul Stop&Glo reagent was added to the mixture
and the activity of Renilla luciferase was detected by using
the luminometer GloMax® 20/20 (Promega Corporation). The
experimental results were obtained by calculating the ratio of
firefly/renilla.

Total RNA extraction from tissues and cells and RT-gPCR.
Total RNA was extracted from tissues and cells by using
TRIzol™ reagent (cat. no. 15596-026; Invitrogen; Thermo
Fisher Scientific, Inc.). Briefly, frozen tissues were sliced
into pieces and placed in a centrifuge tube and TRIzol™
reagent (1 ml) was added. The mixture was grounded in a
TissuePrep homogenizer (Gering Scientific Instruments) for
5 min at 30 times/sec and was centrifuged for 10 min (4°C;
1,600 x g). The supernatant was collected, mixed with 200 ul
chloroform and centrifuged for 10 min (4°C; 1,600 x g) again.
The supernatant was mixed with 500 ul isopropyl alcohol and
a white precipitate was obtained following centrifugation for
10 min (4°C; 1,600 x g). The precipitate was washed twice with
75% ethanol and was dissolved by adding 20 ul diethyl pyrocar-
bonate (DEPC)-treated water (cat. no. 750023; Thermo Fisher
Scientific, Inc.) in order to obtain the total RNA. Total RNA was
extracted from breast cancer cells by using TRIzol™ reagent
according to the manufacturers' instructions. Subsequently,
RNA concentration was measured by using a NanoDrop2000
(cat. no. YQ1633128263; Thermo Fisher Scientific, Inc.). RNA
was reverse transcribed according to the manufacturers'
protocol. The RNAs of TINCR, IGFIR, AKT and GAPDH
(internal reference) were reverse transcribed by using
RevertAid First Strand cDNA Synthesis kit (cat. no. k1622;
Thermo Fisher Scientific, Inc.). The RNA of miR-589-3p
was formulated by using All-in-One™ miRNA First-Strand
cDNA Synthesis kit (cat. no. QP013; GeneCopoeia, Inc.) and
TagMan™ Universal PCR Master Mix (cat. no. 4304437,
ABI). U6 served as an internal reference. The reaction mixture
for RT-qPCR contained 2 ul cDNA (diluted 10-fold), 1 ul of
forward and reverse primers at 10 uM, 6 ul DEPC-treated
water and 10 ul FastStart Universal SYBR Green Master
(cat. no. 0491391400; Roche Diagnostics). RT-qPCR reac-
tions were performed as follows: Pre-denaturation at 95°C
for 10 min, denaturation at 95°C for 15 sec, annealing at 60°C
for 1 min, for a total of 40 cycles. The relative expression
levels were normalized to endogenous controls and were
expressed as 2"44%1 (29). The sequences of the primers used
were as follows: TINCR, forward 5'-CCCAAGCTTGGTCTG
GGCTCCCAGGTGGACC-3, reverse 5-AGCGATATCCTA
TAGTTGTTTTCAAACATGTAATCTT-3'"; IGFIR, forward
5" TGCGTGAGAGGATTGAGTTTC-3, reverse 5'-CTTATT
GGCGTTGAGGTATGC-3'"; AKT, forward 5"TGTGGATTT
ACCTTATCCCCTCA-3', reverse 5-GTTTGGCTTTGG
TCGTTCTGT-3'; GAPDH, forward 5“TGTGGGCATCAA
TGGATTTGG-3', reverse 5'-ACACCATGTATTCCGGGT
CAAT-3"; miR-589-3p, forward 5-AACAAATGCCGGTTC
CCAGA-3, reverse 5" TGTCGTGGAGTCGGCAATTG-3
and U6, forward 5"-TCTGCTCCTATCCCAATTACCTG-3'
and reverse 3'-ACTCCCGGATCTCTTCTAAGTTG-3"

Patients survival analysis. A monthly follow-up was conducted
on the 68 patients with breast cancer up to five years. The
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survival rate was calculated by using the Kaplan-Meier cumu-
lative survival curve.

Cell proliferation. MCF-7 and MDA-MB-231 cell proliferation
was detected by using MTT reagent (cat. no. ST316; Beyotime
Institute of Biotechnology). Briefly, cells in the logarithmic
growth phase were harvested by using 0.25% trypsin. The
cell concentration was adjusted to 5x10° cells/well, and 100 pl
suspension was seeded in a 96-well plate and incubated at 37°C
for 48 h. Subsequently, supernatant was removed, and 90 ul
culture medium and 10 ¢l MTT reagent were added to each
well. After 4 h incubation, supernatant was aspirated, 100 ul
DMSO was added to each well and the plate was gently shaken
for 10 min to fully dissolve formazan crystals. Absorbance
was read at 490 nm on a microplate reader.

Cell apoptosis. Flow cytometry was used to detect the apop-
tosis of MCF-7 and MDA-MB-231 cells following transfection
with different plasmids. Cells in the logarithmic growth phase
were washed three times with PBS, harvested by using 0.25%
trypsin, collected and centrifuged for 5 min (1,000 x g, at 4°C).
MCF-7 and MDA-MB-231 cells were washed twice with PBS
and centrifuged for 5 min (1,000 x g; 4°C), and then incu-
bated with 5 ul Annexin V-FITC (cat. no. KGA108; Nanjing
KeyGen Biotech Co., Ltd.) and 10 gl propidium iodide solu-
tion (cat. no. C1062M; Beyotime Institute of Biotechnology)
for 20 min at room temperature in the dark. Cell apoptosis
was detected by flow cytometry (cat. no. 322457; Bio-Rad
Laboratories, Inc.) and data analysis was performed using
FACSdiva software version 6.1.2 (BD Biosciences).

Wound healing assay. A marker was used to evenly draw a
0.5~1 cm horizontal line under the 6-well plate. MCF-7 and
MDA-MB-231 cells in the logarithmic growth phase were
seeded at the density of 5x10° cells/well and incubated over-
night. The next day, the tip of a pipette was used to scratch
the cell layer, and cells were washed three times with PBS.
Serum-free medium was added and cells were cultured at 37°C
with 5% CO, for 48 h. Cell migration was imaged using a light
microscope (magnification, x100) at 0 and 48 h.

Cell invasion assay. Transwell chambers (8-ym pore size; BD
Biosciences) were used to detect the invasion ability of MCF-7
and MDA-MB-231 cells. The two cell lines were serum-starved
for 12 h and harvested by using 0.25% trypsin. Cells were
seeded at the density of 1x10* cells/per well in the upper
chamber of the Transwell that was pre-coated with Matrigel
(cat. no. YZ-354234; Beijing Solarbio Science & Technology
Co., Ltd.), and DMEM containing 10% FBS was added to
the lower chamber. Following 48 h incubation, cells that have
invaded the bottom membrane were fixed with 4% paraformal-
dehyde for 15 min at room temperature and stained by 0.1%
crystal violet stain. Cell invasion was observed under a light
microscope (magnification, x200) and the cell number was
counted by Image J software (version 1.8.0; National Institutes
of Health).

Western blotting. Proteins were extracted from MCF-7
and MDA-MB-231 cells. Cells were lysed using RIPA (cat.
no. 89900; Thermo Fisher Scientific, Inc.). Cell lysate was
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centrifuged at 1,600 x g, 4°C for 10 min. The supernatant was
collected and protein concentration was measured using the
BCA Protein Assay kit (cat. no. 23227; Thermo Fisher Scientific,
Inc.). Proteins (25 ug) were separated by 12% SDS-PAGE and
transferred onto PVDF membranes (cat. no. RPN303F; GE
Healthcare). Membranes were washed three times with TBST
(cat. no. T1085; Beijing Solarbio Science & Technology Co.,
Ltd.) and blocked with a blocking buffer containing 5% bovine
serum albumin (cat. no. SW3015-500 ml; Beijing Solarbio
Science & Technology Co., Ltd.) for 2 h at room temperature.
Membranes were incubated with primary antibodies against
IGFIR (cat. no. ab39675; 155 KD; 1:1,000; Abcam), phos-
phor (p)-Akt (cat. no. ab38449; 56 kD; 1:1,000; Abcam), Akt
(cat. no. ab8805; 55 kD; 1:500; Abcam), GAPDH (internal
control; cat. no. ab8245; 36 KD; 1:10,000, Abcam) overnight
at 4°C. Membranes were washed three times with TBST and
incubated with the goat anti-rabbit IgG secondary antibody
(cat. no. ab6721, 1:10,000, Abcam) for 1 h at room tempera-
ture. Immobilon Western Chemiluminescent HRP Substrate
(cat. no. WBKLS0100; Merck KGaA) was used to detect the
signal on the membrane. Bands were imaged by using the Gel
Imager System (1708265, Bio-Rad) and data were analyzed via
densitometry using ImageJ software (version 1.46) and normal-
ized to expression of the internal control.

Statistical analysis. Data were analyzed using SPSS 23.0 soft-
ware (IBM Corp.) and were expressed as the means + standard
deviation of the mean. Student's two-tailed t-test was used to
compare differences between two groups. ANOVA followed
by Turkey test was used to compare differences between
>3 groups. Correlation analysis was preformed using Spearman
correlation coefficient algorithm. P<0.05 was considered to
indicate a statistically significant difference.

Results

TINCR overexpression in breast cancer tissues is negatively
correlated withmiR-589-3p expression. A targeted relationship
between TINCR and miR-589-3p was predicted by Starbase
and results from luciferase assay (Fig. 1A-C). To examine the
role of TINCR and miR-589-3p in breast cancer, the expres-
sion level of TINCR and miR-589-3p in breast cancer tissues
was determined by RT-qPCR (Fig. 1D and E). The results
demonstrated that TINCR expression level was significantly
higher in breast cancer tissues compared with adjacent tissues
(P<0.001); however, miR-589-3p expression level was signifi-
cantly lower in cancer tissues compared with normal tissues
(P<0.001). Furthermore, the results demonstrated that TINCR
and miR-589-3p expression levels were negatively correlated
(Fig. 1G; r=-0.331; P=0.006). According to the mean as the
segmentation point, the expression of miR-589-3p was divided
into high expression and low expression. In addition, the results
from Kaplan-Meier overall survival curves demonstrated that
patients with high TINCR expression level had a lower survival
rate at five years (P<0.05; Fig. 1F).

TINCR overexpression downregulates miR-589-3p expression
in breast cancer cells. The regulatory relationship between
TINCR and miR-589-3p was further investigated by
RT-qPCR. The results demonstrated that cell transfection
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Figure 1. TINCR was highly expressed in breast cancer tissues and was negatively correlated with miR-589-3p expression level. (A) TINCR targeting
miRNA was predicted by StarBase. (B and C) Luciferase activity of TINCR in miR-589-3p mimic group was detected by luciferase assay. “P<0.01 vs.
blank. (D) RT-qPCR was used to detect TINCR expression level in breast cancer and adjacent tissues (n=68). GAPDH was used as the internal reference.
(E) RT-qPCR was used to detect miR-589-3p expression level in breast cancer and adjacent tissues (n=68). U6 was used as the internal reference. “P<0.01 vs.
adjacent tissues. (F) Kaplan-Meier curve analysis of the 5-year survival curve of all patients with breast cancer (n=68). (G) Correlation between TINCR and
miR-589-3p expression levels. All experiments were repeated three times. miR, microRNA; mut, mutant; RT-qPCR, reverse transcription-quantitative PCR;

TINCR, tissue differentiation inducing non-protein coding RNA; wt, wild type.

with miR-589-3p mimic and inhibitor did not affect TINCR
expression (Fig. 2A and B); however, the effect of pc-TINCR
on miR-589-3p expression was reversed by miR-589-3p
mimic (P<0.001; Fig. 2C). Furthermore, miR-589-3p inhibitor
reversed miR-589-3p expression level that was promoted by
silencing TINCR (P<0.001; Fig. 2D). These results suggested
that TINCR may be able to downregulate miR-589-3p, which
may be reversed by miR-589-3p mimic.

miR-589-3p mimic partially reverses the promoting and inhib-
iting effects of TINCR on breast cancer cell proliferation and

apoptosis, respectively. The effect of TINCR on breast cancer
cell proliferation and apoptosis was investigated. The results
demonstrated that pc-TINCR promoted MCF-7 cell prolif-
eration (P<0.001; Fig. 3A) and inhibited MCF-7 cell apoptosis
(P<0.001; Fig. 3C and D); however, siTINCR significantly
inhibited MDA-MB-231 cell proliferation (P<0.001; Fig. 3B)
and promoted cell apoptosis (P<0.001; Fig. 3E and F). These
findings suggested that TINCR could promote breast cancer
cell proliferation and inhibit their apoptosis. In addition,
further results demonstrated that miR-589-3p mimic reversed
the effect of pc-TINCR on breast cancer cell proliferation
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Figure 2. miR-589-3p mimic reversed the effect of TINCR overexpression on miR-589-3p expression. (A and B) RT-qPCR was used to detect TINCR expres-
sion level in transfected MCF-7 and MDA-MB-231 cells. GAPDH was used as an internal reference. (C and D) RT-qPCR was used to detect the expression level
of miR-589-3p in transfected MCF-7 and MDA-MB-231 cells. U6 was used as an internal reference. All experiments were repeated three times. “P<0.01 vs.
pc-Control; #P<0.01 vs. miR-589-3p mimic control; ©°P<0.001 vs. pc-TINCR; “*P<0.01 vs. miR-589-3p mimic; 24P<0.01 vs. si-Control; “P<0.05 and ““P<0.01
vs. miR-589-3p inhibitor; "P<0.01 vs. miR-589-3p inhibitor control; ""P<0.01 vs. si-TINCR. miR, microRNA; RT-qPCR, reverse transcription-quantitative
PCR; TINCR, tissue differentiation inducing non-protein coding RNA; si, small interfering.

(P<0.001; Fig. 3A) and inhibited cell apoptosis (P<0.001;
Fig. 3C and D). Furthermore, miR-589-3p inhibitor reversed
the effect of siTINCR on breast cancer cell proliferation and
apoptosis (P<0.001; Fig. 3B, E and F). These data indicated
that the effects of TINCR on the promotion and the inhibition
of breast cancer cell proliferation and apoptosis, respectively,
may be reversed by miR-589-3p mimic.

miR-589-3p mimic partially reverses the promoting effect
of TINCR on the migratory and invasive abilities of breast
cancer cells. The effect of TINCR and miR-589-3p mimic on
the migratory and invasive abilities of breast cancer cells was
examined. The results from the wound healing assay demon-
strated that the migratory rate of breast cancer cells in the
pc-TINCR group was significantly increased compared with
the pc-control group (P<0.001; Fig. 4A and B). The results
from Transwell assay demonstrated that the invasive ability
of breast cancer cells the pc-TINCR group was significantly
increased compared with the pc-control group (P<0.001;
Fig. 4E and F); however, siTINCR transfection had the opposite
effects (P<0.001; Fig. 4C, D, G and H). In addition, the results
demonstrated that miR-589-3p mimic partially reversed the
effects of pc-TINCR on the migratory and invasive abilities of
breast cancer cells (P<0.001; Fig. 4A, B, E and F). Furthermore,
miR-589-3p inhibitor also partially reversed the inhibiting

effects of siTINCR on the migratory and invasive abilities of
breast cancer cells (P<0.001; Fig. 4C, D, G and H). These find-
ings suggested that TINCR may promote breast cancer cell
migratory and invasive abilities; however, these effects may by
partially reversed by miR-589-3p mimic.

IGFIR is a target gene of miR-589-3p. The results from
TargetScan database revealed that IGFIR had a binding site
to miR-589-3p at the 3'UTR position (Fig. 5A), indicating that
IGFIR may be considered as a target gene for miR-589-3p.
For further validation, luciferase assay was performed and
the results demonstrated that IGFIR luciferase activity in
the miR-589-3p mimic group was lower compared with the
control group (P<0.001; Fig. 5B and C) in both breast cancer
cell lines. Not only IGF1R was a target gene of miR-589-3p but
it may also be downregulated by miR-589-3p mimic.

miR-589-3p mimics can partially reverse the effects of IGFIR
on cell proliferation, migration, invasion and apoptosis.
Proliferation, apoptosis, and migratory and invasive abilities of
breast cancer cells were detected. The results demonstrated that
IGFIR significantly promoted the proliferation, migration and
invasion of MCF-7 cells (P<0.001; Figs. 5D, 6A and B, E and F);
however, these effects were partially reversed by miR-589-3p
mimic (P<0.001; Figs. 5D, 6A and B, E and F). Furthermore,
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Figure 3. miR-589-3p mimic partially reversed the effect of TINCR overexpression on the promotion and inhibition of breast cancer cell proliferation and
apoptosis, respectively. (A and B) MTT assay was used to detect MCF-7 and MDA-MB-231 cell proliferation. (C-F) Flow cytometry was used to detect MCF-7
and MDA-MB-231 cell apoptosis. All experiments were repeated three times. “P<0.01 vs. pc-Control; #P<0.01 vs. miR-589-3p mimic control; ®P<0.05 and
©9P<0.01 vs. pc-TINCR; “'P<0.01 vs. miR-589-3p mimic; 2*P<0.001 vs. si-Control; ®’P<0.01 vs. miR-589-3p inhibitor; "P<0.05, P<0.01 vs. miR-589-3p
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IGFIR silencing inhibited MDA-MB-231 cell proliferation,
migration and invasion (P<0.001; Figs. 5SE, 6C and D, G and H),
which was reversed by miR-589-3p inhibitor. In addition, the
results from flow cytometry demonstrated that the inhibitory
effect of IGFIR on the apoptosis of MCF-7 cells was reversed
by miR-589-3p mimic (P<0.001; Fig. 5F), and the promoting
effects of silGFIR on MDA-MB-231 cell apoptosis were
reversed by miR-589-3p inhibitor (P<0.001; Fig. 5G). These
findings demonstrated that IGF1R may promote cell prolifera-
tion, migration and invasion, and inhibit cell apoptosis; however
these effects may be partially reversed by miR-589-3p mimic.

miR-589-3p can downregulate IGFIR and Akt protein
expression in breast cancer cells. The underlying mechanism
of miR-589-3p in breast cancer cells was investigated by
RT-qPCR and western blotting. The mRNA expression of
IGF1R and Akt (Fig. 7A and B) was detected by RT-qPCR. The
results demonstrated that IGF1R expression was downregu-
lated following co-transfection with IGFR1 and miR-589-3p
mimic compared with IGF1R group (P<0.001), whereas IGF1R
expression was significantly upregulated following co-trans-
fection with silGF1R and miR-589-3p inhibitor compared
with silGFIR group (P<0.001). No change in Akt expression
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level was observed in any condition. Subsequently, western
blotting was performed to analyse the protein expression of
IGFIR, p-Akt and Akt. The results were similar to those from
RT-qPCR. In particular, miR-589-3p mimic partially reversed
IGFIR and p-Akt high protein expression in the IGFIR group
(P<0.001; Fig. 7C-E), whereas the Akt protein expression did
not significantly change. Subsequently, the ratio p-Akt/Akt
was downregulated in silGFIR group (P<0.001), whereas
the ratio p-Akt/Akt was increased in the silGFIR + inhibitor
and inhibitor groups (P<0.001; Fig. 7F-H). These findings
suggested that miR-589-3p may downregulate IGFIR and
p-Akt expression in breast cancer cells.

Discussion

The results from the present study demonstrated that TINCR
was highly expressed in MCF-7 and MDA-MB-231 breast

cancer cells, and that TINCR promoted the proliferation and
migratory and invasive abilities of breast cancer cells and
inhibited cancer cell apoptosis. These findings were consis-
tent with a previous study (21). Furthermore, to the best of
our knowledge, the present study was the first to demonstrate
that miR-589-3p may act as a targeted miRNA for TINCR,
and that its expression was inhibited by TINCR. In breast
cancer cells that were co-transfected with miR-589-3p mimic
and pc-TINCR, the promoting effects of TINCR on cancer
cell proliferation and migratory and invasive abilities were
attenuated by miR-589-3p mimic. In addition, this study
demonstrated that the target gene IGFIR of miR-589-3p
promoted the proliferation and migratory and invasive
abilities of breast cancer cells and inhibited their apoptosis,
which may be partially reversed by miR-589-3p mimic.
These effects were obtained via inhibition of the IGFIR-Akt
pathway.
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In the last decades, the prognosis of patients with breast
cancer has greatly improved thanks to the constant advances
in medical technologies and techniques. However, it remains
crucial to make progress on the development of novel diagnosis
tools and therapeutic options for patients. Tumor presentation
varies among molecular subtypes, suggesting that tumors of
different subtypes may be useful in selecting local therapy (30).
Targeted therapeutic drugs could aim different genes and
signalling pathways in breast cancer. For example, agents
targetin estrogen receptor (ER) and HER?2, such as tamoxifen
and trastuzumab, are the most extensively used therapeutics in
breast cancer (31,32). These therapeutic drugs have therefore
been designed for different molecular subtypes. However, the
existence of chemoresistance and the lack of therapeutic drugs

for triple-negative breast cancer remain to be resolved (33,34).
It is therefore crucial to explore the underlying mechanisms of
breast cancer metastasis and recurrence, in order to determine
potential novel intervention targets and develop more effective
treatment strategies. miRNAs represent a class of endogenous
single-stranded non-coding RNAs of ~20-24 nt in length,
which are able to bind to the 3'UTR regions of mRNA, leading
to gene silencing at post-transcriptional levels. miRNAs are
widely involved in cell proliferation, organ development,
immune response and tumor formation among other processes.
Previous studies reported that miRNAs are closely related to the
occurrence and development of certain types of tumor (35-37).
Not only they can function as tumor promoters but they can
also function as oncogenes. miRNAs in the plasma can also
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be used as biomarkers for early diagnosis of certain tumors.
It has been reported that exosomal microRNA-21 could be
considered as a potential biomarker for the early diagnosis of
pancreatic cancer using a tethered cationic lipoplex nanopar-
ticle biochip (38). Furthermore, exosomal microRNA-210 is
a potentially non-invasive biomarker for the diagnosis and
prognosis of glioma (39). In breast cancer, >30 miRNAs have
been confirmed to be associated with breast cancer (40). For
example, miR-145 can inhibit cancer cell proliferation and
invasion via the regulation of N-RAS and vascular endothelial
growth factor A in triple-negative breast cancer, miR-145 can
inhibit angiogenesis in breast cancer tissues (41). Furthermore,
miR-203, which is lowly expressed in metastatic breast
cancer tissues, can promote breast cancer cell metastasis via
upregulation of snail family transcriptional repressor 2 (42). In
addition, it was reported that the proto-oncogene miR-210 is
highly expressed in breast cancer tissues, which is associated
with poor prognosis of patients with breast cancer (43). The
present study demonstrated that miR-589-3p overexpression
could partially reverse the effects of TINCR on breast cancer
cell proliferation and migratory and invasive abilities and
on the inhibition of breast cancer cell apoptosis. Similarly,
Cesarini et al (44) reported that miR-589-3p can inhibit the
proliferation and migratory and invasive abilities of glioblas-
toma cells, suggesting its anti-cancer effect.

Insulin-like growth factors (IGFS) represent a class of
growth factors that serve crucial roles in the growth and differ-
entiation of bones and muscles (45,46). The main biological
activities of IGFS are mediated by IGFR1. IGFIR is a trans-
membrane tyrosine kinase receptor that plays a vital role in
cell mitosis, proliferation, differentiation and apoptosis (47).
Loughran et al (48) confirmed that IGFIR overexpression can
cause cell division and proliferation, increasing therefore the
risk of tumorigenesis; however, cell malignant transformation
is suppressed following IGF1R downregulation (49). In 1992,
De Leon et al (50) reported that IGF-I and IGF-II, which
are effective mitogens in the breast cancer cells MCF-7, can
promote cancer cell proliferation. Turner et al (51) reported
that IGF1R expression is increased in resected breast cancer
tumor tissues and is associated with early recurrence.
Powell et al (52) demonstrated that the commonly inherited
IGFIR variant (rs2016347) reduces breast cancer risk by
enhancing mammary gland involution. In addition, triptolide
and IGF1R inhibitor (AG1024) can synergistically inhibit
the proliferation and induce the apoptosis of triple-negative
breast cancer cells (53). These studies indicated that IGFIR
serve some essential roles in the occurrence and development
of breast cancer. IGFIR is widely expressed in various cells of
the body, and PI3K-Akt and ERK-MAPK signalling pathways
are associated with the occurrence and development of malig-
nant tumors. The signalling pathways regulated by IGFIR
include PI3K-Akt and ERK-MAPK pathways (54). Akt is a
serine/threonine protein kinase that is the most important
target in the PI3K-Akt signalling pathway. The effects of
Akt on regulatory mechanisms are dependent on p-Akt that
promotes Akt activation, serving therefore a central role
in the transmission of information (55). Previous studies
confirmed that Akt can regulate the proliferation, migration,
invasion and apoptosis of tumor cells via multiple signalling
pathways, and also mediate tumor angiogenesis and tumor
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resistance (56,57). Blocking or inhibiting Akt expression
could therefore be effective in cancer treatment. Similarly,
the present study demonstrated that miR-589-3p may inhibit
breast cancer cell proliferation by decreasing the expression
of IGFIR and p-AKT.

Some inhibitors of IGFIR and Akt have been used in the
treatment of breast cancer, including NVP-AEW541 (58),
OSI-906 (59) and MK-2206 (60). Inhibitors could be used
in combination, or multi-target drugs should be developed.
de Lint er al (59) reported that the combination of IGFIR
inhibitors and PI3K inhibitors has a therapeutic effect on
certain patients with triple-negative breast cancer. In the
present study, not only miR-589-3p could partially reverse the
effect of TINCR on breast cancer cells but it also inhibited
the proliferation and migratory and invasive abilities of breast
cancer cells by inhibiting the IGF1R-Akt pathway, promoting
therefore cancer cell apoptosis, which showed its dual regu-
latory effect. These findings provided a reliable basis for
miRNA application in the treatment of breast cancer, which
could improve the prognosis of patients with breast cancer.
However, this study presented some limitations, and whether
IGFIR or Akt inhibitors could have therapeutic roles in animal
models of breast cancer requires further investigation. In addi-
tion, the stimulating effects of TINCR on the proliferation and
migratory and invasive abilities of breast cancer cells through
regulation of the miR-589-3p/IGF1R/Akt axis should be
further confirmed by in vivo experiments.
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