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Background: Triple negative breast cancer (TNBC) poses a great threat to patient prog-
nosis. LncRNA-miRNA is a molecular module formed by a long non-coding RNA 
(LncRNA) and a microRNA (miRNA) that mediates the metastatic potential of tumours 
such as TNBC, and luteolin (LU) is a natural compound with anti-TNBC activity.
Objective: We aim to explore the regulatory mechanism of terminal differentiation-induced 
non-coding RNA (TINCR)-miR-761 molecular module in early TNBC, as well as its 
influence on anti-tumor activity of LU.
Methods: The serum was collected from TNBC patients in early stage to detect the 
expression of TINCR and miR-761 using RT-PCR. Transwell method was applied for the 
determination of cell migration and invasion, Western blot for epithelial–mesenchymal 
transition (EMT), flow cytometry (FCM) for cell apoptosis, and dual luciferase reporter 
and RNA pull-down experiment for the verification of the targeted relationship between 
TINCR and miR-761.
Results: Both TINCR and miR-761 were up-regulated in the serum of patients with early 
TNBC and the area under the curve (AUC) of the two for distinguishing TNBC from BC was 
not less than 0.850. In the cell function tests, down-regulation of TINCR or miR-761 notably 
suppressed the metastatic potentials (cell migration, invasion and EMT) of TNBC cells were 
remarkably inhibited, while up-regulation of TINCR or miR-761 notably promoted the 
metastatic potentials. We also confirmed that TINCR acts as the molecular sponge of miR- 
761, and has positive regulation on it. Besides, LU can significantly down-regulate TINCR 
and miR-761, and partially offset the anti-TNBC activity of LU when they were abnormally 
up-regulated, which was mainly reflected in the decrease of anti-proliferation and pro- 
apoptotic ability of LU against TNBC.
Conclusion: There is an imbalance of TINCR-miR-761 molecular module in early TNBC, 
which may be a potential new therapeutic target of TNBC.
Keywords: triple negative breast cancer, TINCR, miR-761, metastasis, luteolin

Introduction
Breast cancer (BC) is one of the most common cancers among women aged 40–45 
years, and is also one of the important causes of cancer-related deaths among 
women.1 At present, the risk of BC is still on the rise, and triple negative breast 
cancer (TNBC), as a highly invasive phenotype of BC, has a higher risk of death.2,3 

The main features of TNBC are high recurrence rate, high metastasis rate and high 
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mortality rate, and its tumor metastasis potential has a key 
impact on the prognosis of early TNBC patients.4,5 

Luteolin (LU), a natural flavonoid, has certain anti-tumor 
activity in various cancers. It has been proved to be able to 
inhibit the migration, invasion and epithelial–mesenchy-
mal transition (EMT) of TNBC cells by down-regulating 
the mechanism of TNBC metastasis mediated by β- 
catenin.6 In this study, we first explored potential serum- 
based specific bioindicators in early-stage TNBC patients, 
and then evaluated TNBC metastatic potential, and the 
impact of anti-tumor activity of LU in proliferation and 
apoptosis based on the aforementioned indicators. Our 
research may help to distinguish early TNBC patients 
from early BC patients, and may provide new insights 
for the treatment of early TNBC.

The exploration of long non-coding RNA-micro RNA 
(LncRNA-miRNA) molecular module can help reveal 
the occurrence and development of various physiological 
or pathological processes. LncRNA is equivalent to 
a long-chain nucleotide module, which can play 
a regulatory role in tumor progression by targeting short- 
chain nucleotide modules such as miRNA.7–9 LncRNA- 
miRNA molecular module has been proved to play 
a certain role in the metastasis potential of TNBC. For 
example, the interaction between human metastasis- 
associated lung adenocarcinoma transcript 1 (MALAT1)- 
miR-1 molecular module can regulate the metastasis of 
TNBC cells.10 Another example is that the molecular 
module of growth arrest specific transcription factor 5 
(GAS5)-miR-196a-5p mediates the invasive molecular 
phenotype and lymph node metastasis of TNBC.11 

Terminal differentiation-induced non-coding RNA 
(TINCR) is a carcinogenic lncRNA related to BC and 
TNBC, whose repression knock-down can reverse the 
progress of BC via cell survival inhibition.12 In addition, 
there is a certain indirect relationship between TINCR 
and LU, both of them can act as epigenetic regulatory 
factors and epigenetic regulators in the process of epi-
dermal differentiation.13 MiR-761 can induce invasive 
phenotype of TNBC. Its up-regulation facilitates cell 
migration, invasion and lung metastasis of TNBC.14

We found potential binding sites between TINCR and 
miR-761 via online target gene prediction website. Based 
on the above research, we suspected that the abnormality 
of TINCR-miR-761 molecular module may respond to 
early TNBC, and may have certain impacts on the meta-
static potential of TNBC cells and the anti-TNBC effect of 
LU, which is hereby verified later.

Data and Methods
Serum Collection of TNBC and BC Patients
This study was conducted according to the principles of 
Declaration of Helsinki, and was approved by the Ethics 
Committee of Cangzhou People’s Hospital. All subjects 
provided informed consent and knew the purpose of the 
study. Serum samples were collected from 50 patients with 
early stage (I–II) TNBC and 40 patients with early stage 
(I–II) BC in Cangzhou People’s Hospital from 
January 2010 to December 2019. None of these subjects 
were complicated with other malignant tumors, severe 
organ dysfunction, other breast diseases or infectious dis-
eases, and all of them were treated for the first time.

Cell Culture and Transfection
Our human normal mammary epithelial cells MCF-10A 
and TNBC cells MDA-MB-468, BT-549, SUM159PT, 
HCC1937 were commercially purchased from Otwo 
Biotech (Otwo Biotech Co., Ltd., Shenzhen, China, HT- 
X1884, HT-X1638, HT-X1642, HTX-2782, HT-X1644). 
Cells were placed in RPMI 1640 medium (Jingke 
Chemical Technology Co., Ltd., Shanghai, China, 
GNM-11,835) in a humid environment at 37°C, with 
5%CO2 and 95% air. The medium contained 10% (v/v) 
fetal bovine serum (FBS) (Lianshuo Biological 
Technology Co., Ltd., Shanghai, China, A3160801), 
100 U/mL penicillin and 100 μg/mL streptomycin 
(Noble Ryder Technology Co., Ltd., Beijing, China, 
15,240,062). The incubation was conducted under the 
intervention of LU (Baoman Biotechnology Co., Ltd., 
Shanghai, China, D1771) with different concentrations 
of 0 μM, 5 μM, 10 μM, 20 μM, etc., in the above 
medium containing 5% FBS. Besides, cells in the control 
group (0 μM) were only intervened by the medium.

Cells were then inoculated into a six-well plate (2×105 

cells/well) and left overnight. We applied Lipofectamine 
2000 (Yanjin Biotechnology Co., Ltd., Shanghai, China, 11,-
668–019) for cell transfection. Transfectants included 
TINCR over-expression vector (TINCR) and corresponding 
control (NC), TINCR inhibition vector (si-TINCR) and cor-
responding control (si-NC), miR-761 mimics (miR-761) and 
corresponding control (miR-NC), and miR-761 inhibitor 
(anti-miR-761) and corresponding control (anti-miR-NC).

RT-PCR
The relative level of TINCR was quantified by RT-PCR and 
standardized by 3-phosphoglyceraldehyde dehydrogenase 
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(GAPDH). At first, we used TRIzol (Baixu Biotechnology 
Co., Ltd., Beijing, China, RP11, 100 mL) to extract RNA 
from TNBC or BC serum samples and TNBC cells. Then, 
M-MLV reverse transcriptase kit (Yubo Biological 
Technology Co., Ltd., Shanghai, China, YB11105ES90) 
was utilized to synthesize cDNA. The relative mRNA 
expression was normalized by 2−ΔΔCT method. RT-PCR 
was performed using Applied Biosystems 2720 (Haonuosi 
Technology Co., Ltd., Beijing, China, 2,410,241,916).

Western Blot Analysis
TNBC cells were inoculated into a six-well plate (2×105 

cells/well) and incubated overnight. The cells were 
washed twice with ice-cold phosphate buffer (PBS) 
(Zhenyu Biotechnology Co., Ltd., Shanghai, China, 
IH0019) and scraped on ice. Cells were lysed by lysis 
buffer (Shanghai China Wine Da Industrial Co., Ltd., 
Shanghai, China, N653-100ML) and incubated at 4°C 
for an hour. Then, the lysate was centrifuged at 
10,000×g for 30 min at 4°C to collect the supernatant. 
Equal amount of protein (50 μg) was subjected to 10% 
sodium dodecyl sulfate polyacrylamide gel electrophor-
esis (SDS-PAGE) (Xinfan Biotechnology Co., Ltd., 
Shanghai, China, XFB1005), and then transferred to 
polyvinylidene fluoride (PVDF) membrane (Yanhui 
Biotechnology Co., Ltd., Shanghai, China, BSP0161). 
The membrane was incubated with blocking buffer 
(MineBio Life Sciences Ltd., Shanghai, China, BF01- 
1L) at room temperature for an hour, then incubated 
with primary antibodies of E-cadherin, N-cadherin and 
vimentin at 4°C overnight, and washed by TBST (Jichun 
Industrial Co., Ltd., Shanghai, China, JC-A80256). Then, 
the membrane was incubated with goat anti-mouse IgG 
secondary antibody (Lianke Biotechnology Co., Ltd., 
Shanghai, China, GAM007&ST001) bound with HRP 
for an hour at room temperature. After TBST washing 
again, the protein level was quantitatively analyzed by 
ECL solution (Yiji Industries Co., Ltd., Shanghai, China, 
YIJI12045.1) and X-ray film (Baiaolaibo Technology 
Co., Ltd., Beijing, China, QN3155-NGY).

Cell Migration and Invasion 
Determination
Cells were inoculated into serum-free medium (ZEPING 
Bioscience & Technologies Co., Ltd., Beijing, China, 
M293TIS) in the upper compartment for cell migration 
analysis, or inoculated into non serum-free medium 

(Fusheng Industrial Co., LTD., Shanghai, China, FS- 
79,049) that was precoated with Matrigel on the bottom 
for cell invasion analysis. The lower compartment was filled 
with complete medium (Cyagen Biosciences Inc., Suzhou, 
China, NKSFM-9006c). After incubation, the cells were 
fixed with methanol for 10 min, then stained with 0.5% 
crystal violet (Mairuibo Biotechnology Co., Ltd., Beijing, 
China, M DZ0054) and counted under a microscope.

Cell Proliferation Determination
Cell counting kit 8 (CCK-8) (Taize Jiaye Technology 
Development Co., Ltd., Beijing, China, MA0218) was 
used for analysis, and 2×103 cells were inoculated into 96- 
well plate. Cells were treated with different concentrations 
of LU for 24 hours, after which cells were collected and 
washed with PBS. The proliferation ability of cells cul-
tured for 0, 24, 48 and 72 hours was detected by CCK-8 
assay, and the cell growth curve was drawn based on the 
absorbance value at each time point.

Cell Apoptosis Determination
The percentage of apoptotic cells was detected by annexin 
V- fluorescein isothiocyanate (FITC) apoptosis detection kit 
(Yanhui Biotechnology Co., Ltd., Shanghai, China, 
640,914). TNBC cells were inoculated in a 6-well plate 
(2×105 cells/well) and incubated overnight. Cells were trea-
ted with various concentrations of LU for 24 hours, after 
which cells were collected and washed with PBS. After 
centrifugation at 1500Xg for 10 min at 4°C, the precipitated 
cells were resuspended in annexin binding buffer. After that, 
the cells were stained by annexin V-FITC and propidium 
iodide (PI). The Annexin V+/PI- staining showed early 
apoptosis, and Annexin V+/PI+staining showed late apop-
tosis. Finally, BD FACS Canto II flow cytometry (FCM) 
(Genes Tech Technology Co., Ltd., Shanghai, China, 
BD001) and CellQuest Pro software were used to quantita-
tively analyze the apoptosis level.

Dual Luciferase Reporter
Wild type and mutant type (TINCR-wt, TINCR-Mut) of 
TINCR were co-transfected with miR-761 and miR-NC 
into TNBC cells. After transfection for 48 hours, the 
luciferase activity was measured by dual luciferase gene 
detection kit (Kanglang Biological Technology Co., Ltd., 
Shanghai, China, KL-D5868), and the detection steps were 
conducted strictly in accordance with the manual. The 
relative activity of firefly luciferase was standardized to 
the activity of renilla luciferase.
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RNA Pull-Down Assay
In RNA pull-down assay, we incubated biotinylated 
TINCR with TNBC cell protein extract, and then evalu-
ated the level of miR-761 by RT-PCR.

Statistical Analysis
We analyzed data and generated pictures by SPSS version 
22.0. All experimental results were expressed as mean 
±SD. The differences of data results were analyzed by 
T-test or ANOVA. In all cases, P<0.05 was defined as 
statistically significant.

Results
TINCR and miR-761 in Serum of Early 
TNBC Patients are Significantly 
Up-Regulated
We explored the potential clinical application of TINCR 
and miR-761. First of all, we found that TINCR and miR- 
761 were notably up-regulated in the serum of early 
TNBC patients when compared with early BC patients 
(Figure 1A and B), suggesting that the two may participate 
in the pathological development of early TNBC. 
Furthermore, Pearson correlation coefficient analysis 
showed a significant positive correlation between the two 
(r=0.646, P<0.001) (Figure 1C), indicating that they might 
play a synergistic role in the pathological development of 
TNBC. Then, the receiver operating characteristic (ROC) 
curves of TNBC and BC were drawn, and the area under 
the curve (AUC) of TNBC and BC were 0.868 and 0.865, 
respectively (Figure 1D), which indicated that they had 
good screening value for TNBC. More details are shown 
in Figure 1.

TINCR Can Regulate the Metastatic 
Potential of TNBC Cells
We analyzed the effects of TINCR on the metastatic potential 
of TNBC cells through cell function experiments. TINCR 
was remarkably up-regulated in TNBC cell lines (Figure 
2A), and its expression was higher in BT-549 and 
SUM159PT cells. Therefore, the two cells were chosen for 
later analysis. Then, we transfected TINCR and si-TINCR to 
achieve up-regulation and down-regulation of TINCR, 
respectively (Figure 2B). Furthermore, we found that down- 
regulation of TINCR remarkably inhibited the migration 
(Figure 2C and D), invasion (Figure 2E and F), and EMT 
(Figure 2G and H) of BT-549 and SUM159PT cells, and the 
inhibition of EMT showed a significant increase in epithelial 
marker (E-cadherin) and a significant decrease in mesench-
ymal marker (N-cadherin, vimentin). On the other hand, we 
found that up-regulation of TINCR notably increased the 
above metastatic potential of BT-549 and SUM159PT cells. 
Taken together, TINCR can regulate the metastatic potential 
of TNBC cells. More details are shown in Figure 2.

MiR-761 Can Also Regulate the 
Metastatic Potential of TNBC Cells
We also verified the potential regulation of miR-761 on 
the metastatic potential of TNBC cells. First, miR-761 
expression in TNBC cells was found to be generally high 
(Figure 3A), and the expression level was more signifi-
cant in BT-549 and SUM159PT cells. Therefore, these 
two cells were chosen for follow-up study. Then, we 
transfected miR-761 and anti-miR-761 into these two 
kinds of cells to achieve miR-761 over-expression and 
low-expression, respectively (Figure 3B), and found that 
miR-761 could regulate the metastatic potential of 

Figure 1 Expression of TINCR and miR-761 in serum of early TNBC patients and early BC patients. (A) The results of RT-PCR showed that the expression of TINCR in the 
serum of early TNBC patients was significantly higher than that of early BC patients. (B) The results of RT-PCR showed that the expression of miR-761 in the serum of early 
TNBC patients was significantly higher than that of early BC patients. (C) Pearson correlation coefficient analysis showed that there was a significant positive correlation 
between TINCR and miR-761 in serum of early TNBC patients (r=0.646, P<0.001). (D) ROC curve analyzed the value of serum TINCR and miR-761 in differentiating early 
TNBC patients from early BC patients. 
Notes: ***Denotes comparison between the two groups, P<0.001. 
Abbreviations: miR, microRNA; TINCR, terminal differentiation-induced non-coding RNA; TNBC, triple negative breast cancer; RT-PCR, reverse transcription- 
polymerase chain reaction; BC, breast cancer; ROC, receiver operating characteristic.
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TNBC cells. Besides, miR-761 up-regulation could sti-
mulate the metastatic potential of TNBC cells, while its 
down-regulation could notably inhibit the metastatic 
potential of TNBC cells. Our evaluation of the metastatic 
potential of cells was mainly based on cell migration 
(Figure 3C and D), invasion (Figure 3E and F) and 
EMT (Figure 3G and H). More details are shown in 
Figure 3.

TINCR Acts as a Molecular Sponge for 
miR-761
We further explored the potential mechanisms of TINCR and 
miR-761, and verified the relationship between them through 
biological analysis. At first, they were found to have binding 
sites in miRDB (Figure 4A). According to dual luciferase 
reporter, compared with TINCR-Mut, miR-761 mimics 

Figure 2 Regulatory effects of TINCR on the metastatic potential of TNBC cells. (A) The results of RT-PCR showed that TINCR was generally up-regulated in TNBC cells, 
and its expression level was higher in BT-549 and SUM159PT cells. (B) The results of RT-PCR showed that transfection of TINCR and si-TINCR could up-regulate and down- 
regulate TINCR, respectively. (C and D) Transwell showed that TINCR could regulate the migration level of BT-549 and SUM159PT cells. (E and F) Transwell showed that 
TINCR could regulate the invasion level of BT-549 and SUM159PT cells. (G and H) Western blot analysis showed that up-regulation of TINCR significantly promoted EMT, 
while down-regulation of TINCR significantly inhibited EMT, as well as its protein profiling. 
Notes: **Denotes comparison with si-NC or NC, P<0.01. #Denotes comparison with NC, P<0.01. 
Abbreviations: TINCR, terminal differentiation-induced non-coding RNA; TNBC, triple negative breast cancer; RT-PCR, reverse transcription-polymerase chain reaction; 
NC, negative control; si, short interfering; EMT, epithelial–mesenchymal transition; GAPDH, -phosphoglyceraldehyde dehydrogenase.
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considerably reduced luciferase activity via binding with 
TINCR-Wt (Figure 4B and C). Compared with Bio-NC, Bio- 
TINCR could recruit miR-761 in RNA pull-down test 
(Figure 4D). In addition, RT-PCR revealed that TINCR up- 
regulation could lead to marked miR-761 increase in TNBC 
cells, and TINCR down-regulation could lead to marked 
miR-761 decrease (Figure 4E and F). All the results pointed 
out that TINCR can target and regulate the expression of 
miR-761. More details are shown in Figure 4.

TINCR-miR-761 Molecular Module Has 
Certain Influence on the Anti-TNBC 
Activity of LU
We explored the role of TINCR-miR-761 molecular module in 
the anti-TNBC activity of LU. At first, we analyzed whether 
LU was related to the molecular module of TINCR-miR-761, 
and the results showed that LU had dose-dependent negative 
regulatory effects on TINCR and miR-761 (Figure 5A and B). 

Figure 3 miR-761 regulates the metastatic potential of TNBC cells. (A) The results of RT-PCR showed that miR-761 was generally up-regulated in TNBC cells, and its 
expression level was higher in BT-549 and SUM159PT cells. (B) The results of RT-PCR showed that transfection of miR-761 and anti-miR-761 realized up-regulation and 
down-regulation of miR-761, respectively. (C and D) Transwell showed that miR-761 could regulate the migration level of BT-549 and SUM159PT cells. (E and F) Transwell 
showed that miR-761 could regulate the invasion level of BT-549 and SUM159PT cells. (G and H) Western blot analysis showed that up-regulation of miR-761 significantly 
promoted EMT, while down-regulation of miR-761 significantly inhibited EMT, as well as its protein profiling. 
Notes: Compared with anti-miR-NC, *Denotes P<0.05, **Denotes P<0.01. #Denotes comparison with miR-NC, P<0.01. 
Abbreviations: miR, microRNA; TNBC, triple negative breast cancer; RT-PCR, reverse transcription-polymerase chain reaction; NC, negative control; anti, antisense; EMT, 
epithelial–mesenchymal transition; GAPDH, phosphoglyceraldehyde dehydrogenase.
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Then, we explored the anti-TNBC activity of LU (10 μM) in 
cell proliferation and apoptosis. The results showed that LU 
could notably inhibit the proliferation of BT-549 cells (Figure 
5C) and induce apoptosis (Figure 5E), and these effects were 
partially weakened by the abnormal up-regulation of TINCR 
or miR-761 (Figure 5C and E). In addition, the effects of miR- 
761 on the anti-TNBC activity of LU could be offset under the 
action of si-TINCR (Figure 5D and F). The above results 
enlightened us that the molecular module of TINCR-miR 
-761 can regulate the anti-TNBC activity of LU. More details 
are shown in Figure 5.

Discussion
In this study, we found that compared with the early BC 
patients, both TINCR and miR-761 were significantly 

up-regulated in serum samples of patients with early 
TNBC, suggesting that they might respond to the patho-
logical mechanism of TNBC. TNBC is a severe subtype 
of BC, which has poor prognosis due to the lack of 
targeted therapy.15 Therefore, exploring the related 
molecular mechanism of TNBC is of great value for 
further elucidating the pathogenesis and finding effec-
tive therapeutic targets.

More and more scholars are focusing on the role of 
TINCR and miR-761 in tumors. For example, in the study 
of Xu et al.16 TINCR is notably up-regulated in gastric 
cancer (GC), and can change the viability of tumor cells 
by affecting staufen1 and KLF2. As reported by Han et -
al.17 TINCR is highly expressed in bladder urothelial 
carcinoma, and depletion of this gene inhibits the survival 

Figure 4 Positive regulation of TINCR on miR-761. (A) Binding sites of TINCR and miR-761 were found in miRDB. (B and C) The results of dual luciferase gene report 
showed that miR-761 in BT-549 and SUM159PT cells only affected TINCR-Wt, but not TINCR-Mut. (D) RNA pull-down indicated that Bio-TINCR could significantly recruit 
miR-761. (E and F) The results of RT-PCR showed that TINCR in BT-549 and SUM159PT cells could positively regulate the expression level of miR-761. 
Notes: **Denotes comparison with miR-NC, Bio-NC, si-NC, or NC, P<0.01. #Denotes comparison with NC, P<0.01. 
Abbreviations: miR, microRNA; TINCR, terminal differentiation-induced non-coding RNA; RT-PCR, reverse transcription-polymerase chain reaction; si, short interfering; 
NC, negative control; anti, antisense; Bio, Biotinylation; Wt, wild type; Mut, mutant.
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and motor ability of tumor cells. The expression of TINCR 
increases remarkably in BC trastuzumab resistant cells, 
and knocking down its expression can help improve drug 
resistance and EMT.18 All the above studies proved that 
TINCR tends to exhibit carcinogenic activity in various 
tumors and has carcinogenic effect. As for miR-761, it is 
also at a high level in non-small cell lung cancer 
(NSCLC)19, GC,20 TNBC and other tumors,14 and has 
certain carcinogenicity. In our clinical study, the correla-
tion between TINCR and miR-761 was also analyzed, and 
a significant positive correlation between the expression of 
the two in TNBC serum samples was revealed (r=0.646, 
P<0.001). Besides, we found that the above two genes had 
high value in distinguishing early BC from TNBC, and 

their AUC were 0.868 and 0.865, respectively, both of 
which are not lower than 0.850, suggesting high value in 
distinguishing BC from TNBC.

In our cell research, TINCR and miR-761 were over- 
expressed in TNBC cell lines, suggesting that they may 
mediate the molecular mechanism of TNBC. We changed 
the expression of these two genes by cell transfection, and 
found that up-regulation of TINCR could promote the 
migration, invasion and EMT of TNBC cells, while down- 
regulation of TINCR led to significant opposite results. 
Such results indicated that TINCR can enhance the meta-
static potential of TNBC cells, and the preparation of 
TINCR biological inhibitors may be beneficial to the treat-
ment of TNBC patients by inhibiting the metastatic 

Figure 5 Effect of TINCR-miR-761 molecular module on the anti-TNBC activity of LU. (A and B) The results of RT-PCR showed that LU could affect the expression of 
TINCR and miR-761 in a dose-dependent manner. (C and D) The results of CCK-8 showed that the molecular module of TINCR-miR-761 could at least partially affect the 
anti-proliferation level of LU. (E and F) FCM showed that the molecular module of TINCR-miR-761 could at least partially affect the apoptosis-inducing level of LU, as well 
as its diagram. 
Notes: Comparison with 0 μM, Control, or between two groups, *Denotes P<0.05, **Denotes P<0.01. Comparison with LU+NC or LU+miR-761, #Denotes P<0.05. 
Abbreviations: miR, microRNA; TINCR, terminal differentiation-induced non-coding RNA; TNBC, triple negative breast cancer; LU, luteolin; RT-PCR, reverse transcrip-
tion-polymerase chain reaction; CCK-8, cell counting kit 8; NC, negative control; si, short interfering; FCM, flow cytometry; PI, propidium iodide; FITC, fluorescein 
isothiocyanate.
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potential of TNBC cells. In the report of Liu et al.21 

TINCR has a similar effect in BC cells, that is, its up- 
regulation can remarkably stimulate the migration and 
invasion of BC cells, while silencing TINCR can inhibit 
the mobility of BC cells. We also conducted similar 
research on miR-761. Fortunately, we obtained a result 
similar to that of TINCR, that is, miR-761 over- 
expression could enhance the tumor metastasis of TNBC, 
and its down-regulation could inhibit this tumor metasta-
sis. Guo et al14 pointed out that miR-761 is an oncogene of 
TNBC. Its up-regulation can improve the survival and 
metastasis potential of tumor cells, while its down- 
regulation can suppress the malignant performance of 
tumor, which is similar to our research results.

Here, we confirmed a targeted relationship between 
TINCR and miR-761 through dual luciferase gene report 
and RNA pull-down experiment, and found that the former 
could actively regulate the expression of the latter. Zheng 
et al22 also confirmed that there is a target-controlled rela-
tionship between them. TINCR can be regarded as 
a competitive endogenous RNA of miR-761, which posi-
tively controlled the expression of miR-761 to regulate the 
migration of mesenchymal stem cells. One study suggested 
that both GAS5 and miR-137 reduced in melanoma tissues, 
and GAS5 positively regulates miR-137 in a targeted man-
ner, which has certain similarities with our research.23 MiR- 
761 also has numerous targets, which are controlled by 
lncRNA in a variety of diseases to mediate the disease 
process. For example, miR-761 can mediate the develop-
ment of NSCLC through the regulation of FOXF1 adjacent 
non-coding developmental regulatory RNA (FENDRR),24 

participate in the development of thyroid papillary carci-
noma through the target control of HOXA11 antisense RNA 
(HOXA11-AS),25 and is targeted by Arrl1 to regulate neur-
ite growth during neurite regeneration in rats.26 However, 
only the molecular module of TINCR-miR-761 is highly 
correlated with TNBC, which has been confirmed in our 
research. Finally, we also studied the influence of TINCR- 
miR-761 molecular module on the anti-TNBC mechanism 
of LU. The results showed that LU could down-regulate the 
expression levels of TINCR and miR-761 in a dose- 
dependent manner, and could inhibit the proliferation and 
induce apoptosis of tumor cells in TNBC. This protective 
effect, however, was partially weakened when TINCR and 
miR-761 were abnormally up-regulated. Furthermore, the 
effect of miR-761 on the anti-TNBC effect of LU was 
partially eliminated under the intervention of si-TINCR. 
The above results indicate that the abnormality of the 

molecular module of TINCR-miR-761 can partially offset 
the anti-TNBC effect of LU.

The novelty of this study lies in the discovery for the first 
time that the molecular module TINCR-miR-761 can specifi-
cally respond to early TNBC, which has serum diagnostic 
value, and the abnormality of this molecular module is also 
related to the metastatic potential of TNBC cells and the anti- 
tumor activity of LU. Despite the above results, there is still 
room for improvement. First of all, we can analyze the under-
lying relationship between the molecular module and the clin-
icopathological parameters of TNBC patients, which has 
certain value for supplementing the clinical application of the 
molecular module. Secondly, we can supplement in vivo 
experiment of this molecular module in TNBC and the basic 
research exploration of drug resistance mechanism, which is 
beneficial to providing new cognition of TNBC in treatment. 
We will gradually improve this research in the future research.

Conclusion
To sum up, the imbalance of the molecular module of 
TINCR-miR-761 promotes the metastatic potential of 
early TNBC and partially counteracts the anti-tumor activ-
ity of LU, which may provide a new reference for the 
treatment of TNBC patients.
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