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	 Background:	 Long noncoding RNAs (lncRNAs) play essential roles in the regulation of breast cancer development. We here-
in investigated the potential role of lncRNA TCONS_00068220 in breast cancer pathogenesis.

	 Material/Methods:	 The expression levels of TCONS_00068220 in breast cancer tissues were measured by qRT-PCR. Afterwards, 
TCONS_00068220 was (1) overexpressed in MCF-7 breast cancer cells, and (2) silenced in MDA-MB-231 cells. 
Then, CCK-8 and transwell assays were conducted to detect the impact of TCONS_00068220 on cell prolifera-
tion, migration, and invasion. The expression of the epithelial-mesenchymal transition (EMT) marker E-cadherin 
was detected by western blot assay after upregulation or downregulation of TCONS_00068220.

	 Results:	 TCONS_00068220 was remarkably upregulated in breast cancer tissues compared with non-cancerous tis-
sues. In addition, TCONS_00068220 level was significantly correlated with lymphatic metastasis, Ki67 in-
dex, clinical stage, and differentiation grade. All breast cancer cell lines displayed a higher expression level of 
TCONS_00068220 compared with the normal breast epithelial cell line MCF-10A. Furthermore, enhanced ex-
pression of TCONS_00068220 in MCF-7 cells promoted cell proliferation, migration, invasion, and EMT, where-
as TCONS_00068220 knockdown in MDA-MB-231 cells led to the opposite results. E-cadherin was negatively 
regulated by TCONS_00068220 in both breast cancer tissues and cell lines. Finally, TCONS_00068220 regulat-
ed MCF-7 and MDA-MB-231 cell behaviors by downregulating E-cadherin.

	 Conclusions:	 TCONS_00068220 promotes breast cancer cell proliferation, migration, and invasion, while facilitating the pro-
cess of EMT by interacting with E-cadherin and suppressing its expression. Therefore, it may potentially serve 
as an oncogene in breast cancer progression.
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Background

Breast cancer is a heterogeneous and complex neoplasm that 
represents one of the most common malignancies diagnosed in 
females worldwide [1]. Breast cancer is a lethal disease charac-
terized by high mortality and poor prognosis [2,3]. It has been 
reported that approximately 25-40% of breast cancer patients 
display drug resistance, recurrence, or distant metastasis with-
in 5 years [4], despite the greatly improved outcomes offered 
by surgery and targeted therapies [5]. Therefore, a better un-
derstanding of breast cancer pathogenesis and identification 
of molecular therapeutic targets is needed.

Long noncoding RNAs (lncRNAs) are a class of endogenous, 
regulatory RNA molecules that are longer than 200 nucleo-
tides. They regulate gene expression in most cases by alter-
ing the activity of the upstream promoter region [6]. It has 
been shown that lncRNAs are dysregulated in diverse patho-
logical processes underlying the development of different hu-
man diseases [7,8]. Increasing evidence is revealing that vari-
ous lncRNAs play vital roles in oncogenesis, and their aberrant 
expression is involved in tumor growth, metastasis, and oth-
er aggressive behaviors [9-14]. For example, lncRNA H19 pro-
motes breast cancer cell proliferation, migration, clone forma-
tion, and cancer stem cell generation [11]. The expression of 
OIP5-AS1 is considerably elevated in breast cancer, and OIP5-
AS1 knockdown impairs the malignant phenotype of breast 
cancer cells [12]. Another well-known lncRNA, HOTAIR, is also 
upregulated in breast cancer, and has been demonstrated to 
facilitate tumor metastasis [13]. Moreover, PANDAR modu-
lates G1/S arrest in breast cancer cells by targeting the down-
stream gene INK4A [14].

The novel lncRNA TCONS_00068220 is a 1281-nucleotide-long 
transcript originating from the human chromosome 8q11.21. It 
is highly abundant in digestive organs and glands. Nevertheless, 
neither the effect of expression alterations of TCONS_00068220 
nor its potential role, if any, in the pathogenesis of carcinomas 
has been reported, with the rare exceptions of previous stud-
ies suggesting that TCONS_00068220 was overexpressed in 
gastric cancer samples and that silencing its expression con-
tributed to enhanced cell apoptosis [15,16].

Herein, we found that the level of TCONS_00068220 was sig-
nificantly upregulated in breast cancer patients, suggesting an 
oncogenic role of TCONS_00068220 in breast tumor develop-
ment. Additionally, further investigation showed that the ab-
normal expression of TCONS_00068220 was related to changes 
in the phenotypes of breast cancer cells, including prolifera-
tion, epithelial-mesenchymal transition (EMT), migration, and 
invasion. These findings provide new insight that could lead 
to new diagnostic and therapeutic strategies for breast cancer.

Material and Methods

Patients and tissue samples

Paired breast cancer tissues and adjacent non-cancerous tis-
sues were collected from 60 female patients diagnosed with 
triple-negative breast-infiltrating ductal carcinoma from Jan 
2015 to July 2018. Patients were excluded from this study if 
they received radiotherapy or chemotherapy treatment be-
fore surgery. Informed consent was provided by each patient 
prior to surgery. All procedures were approved by the Ethics 
Committee of Chinese Medicine Hospital of Tai’an City (Tai’an, 
Shandong, China).

Cell culture

Human breast cancer cell lines MCF-7, SK-BR-3, MDA-MB-231, 
MDA-MB-468, and normal breast epithelial cell line MCF-10A 
were obtained from ATCC (Manassas, Virginia, USA). Breast can-
cer cell lines were maintained in Dulbecco’s modified Eagle’s 
medium (DMEM, Gibco, Rockville, MD, USA) supplemented 
with 10% fetal bovine serum (FBS, Gibco, Rockville, MD, USA), 
100 U/mL penicillin, and 100 mg/mL streptomycin. The MCF10A 
cells were cultured in a DMEM/F12 medium containing EGF 
(20 ng/mL), hydrocortisone (0.5 mg/mL), and cholera toxin 
(100 ng/mL) (Sigma-Aldrich; St. Louis, MO, USA), with insulin 
(10 µg/mL), and 1× penicillin-streptomycin (Gibco; Carlsbad, 
CA, USA). Cells were stored at 37°C in 5% CO2.

Plasmid Transfection

Full-length lncRNA TCONS_00068220 (XR_928848.2) was 
cloned into pLVX-Puro to construct a recombinant plasmid, 
which was referred to as pLVX-TCONS_00068220. The emp-
ty pLVX-Puro vector was employed as a negative control. For 
TCONS_00068220 gene downregulation, the specific small in-
terfering RNA (si-TCONS_00068220) or Scrambled control shR-
NA (NC-siRNA) were provided by GenePharma Co. (Shanghai, 
China). The plasmids mentioned above were transfected into 
MDA-MB-231 and MCF-7 cells via lentiviral vector-mediat-
ed transduction, following the standard protocol. After stably 
transfected cell lines were selected, cells were harvested and 
subjected to subsequent analysis.

RNA Isolation and Quantitative RT-PCR

Total RNA was extracted from tissues (n=60) or cultured cells 
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). RNA was 
quantified and then immediately reverse-transcribed using the 
PrimeScript Reverse Transcription kit (TaKaRa, Dalian, China). 
Afterwards, quantitative PCR was carried out using SYBR Premix 
Ex Taq™ II (TaKaRa, Dalian, China) in an ABI 7500 RT-PCR system 
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(Thermo Fisher Scientific, Waltham, MA, USA). The primer se-
quences for TCONS_00068220 are as follows:
F, 5’-CAAGCTTCGAATTACGAATTCCCGACTTTCACTTATCAGACCTTG-3’
and
R, 5’-TTATCTAGAGTCGCGGGATCGGGTGAGCAGTTTTTATTAACCTGT-3’.
Data were normalized to the expression of endogenous GAPDH. 
The PCR protocol was conducted as follows: 5 min at 94°C, fol-
lowed by 40 cycles of 15 s at 94°C and 1 min at 60°C. The rel-
ative quantity of DNA was calculated by the 2–DDCt method. 
Each experiment was performed in triplicate.

Cell Viability Assay

A cell-counting kit-8 (CCK-8) assay was performed to deter-
mine the viability of the cells. In brief, MCF-7 cells (2×103 cells/
well) were plated into 96-well plates and incubated for 24 h 
at 37°C before conducting the assay. The cells were trans-
fected with corresponding plasmids, and then 10 μL of CCK-
8 solution (Solarbio, Beijing, China) was added to each well 
and cells were incubated for 1 h. The absorbance of samples 
was measured at 450 nm using a microplate reader (Bio-Rad, 
Hercules, CA, USA).

Cell Migration and Invasion Assay

The migration and invasion potentials were measured 48 h af-
ter transfection using transwell chambers. For the cell migra-
tion assay, 8×104 cells were maintained in the upper chamber 
of 8 µm transwell microplates with serum-free DMEM medi-
um (Corning Life Sciences, New York, NY, USA). For the inva-
sion assay, cells were grown in the upper chamber precoat-
ed with 20% Matrigel (Corning Life Sciences). In both assays, 
DMEM medium supplemented with 10% FBS was added to the 
lower compartment. After incubation for 24 h, cells remaining 
on the upper side of the membrane were removed, and cells 
on the lower side were fixed in 4% methanol for 5 min and 
stained with 1% crystal violet for an additional 5 min at room 
temperature. Cells were observed and counted under an in-
verted microscope (Olympus, Tokyo, Japan).

In Vivo Experiments

Female BALB/c nude mice (aged 4-6 weeks; Central Laboratory 
of Animal Science, Jinan, Shandong) were raised under 
specific pathogen-free conditions. A total of 1×107 MDA-
MB-231 cells with stable depletion of TCONS_00068220 (si-
TCONS_00068220) or negative control (si-NC), or MCF-7 cells 
transfected with pLVX-TCONS_00068220 or pLVX-Puro, were 
injected subcutaneously into the left armpit of each mouse 
(n=6). Tumor dimensions were measured every 3 days us-
ing a caliper. Tumors were excised and weighed 21 days af-
ter inoculation. All in vivo procedures were performed with 
the NIH guide for the care and use of laboratory animals and 

were approved by the Medical Ethics Committee of Chinese 
Medicine Hospital of Tai’an City (No. 2020-08).

Nucleus and Cytoplasm Isolation

Nuclear and cytosolic fractions were isolated using the Nuclei 
EZ Prep isolation kit (Sigma, St. Louis, MO, USA). Nuclear RNA 
was then isolated from cytoplasmic RNA using centrifugation. 
The relative expression of TCONS_00068220 in the nucleus 
and the cytoplasm was detected by RT-PCR. GAPDH and U6 
were used as internal reference genes for the nuclear and cy-
toplasmic fractions, respectively.

RNA Pull-Down Assay

Biotinylated TCONS_00068220 and negative control 
(GenePharma, Shanghai, China) were transfected into breast 
cancer cells. After 48-h transfection, 50 μL samples were divided 
into equal parts, and the remaining lysates were incubated with 
streptavidin agarose beads (Life Technologies, Gaithersburg, 
MD, USA) for 1 h. This bead-administration method was de-
scribed previously [17]. Ultimately, beads were boiled in sodi-
um dodecyl sulfate buffer, and the eluted RNAs were detect-
ed by quantitative RT-PCR analysis.

Western Blot

The harvested cells were pelleted and resuspended in sodium 
dodecyl sulfate (SDS) lysis buffer (50 mM pH 6.8 Tris-HCl, 1% 
SDS, 10% glycerol, 20 mM DTT), followed by incubation on ice 
for further lysis, and were then centrifuged at 15 000 rpm for 
10 min at 4°C. Proteins were separated via 8% SDS-PAGE and 
transferred to a PVDF membrane (Millipore, Billerica, MA, USA). 
The membrane was blocked with 5% silk milk, and then incubat-
ed overnight at 4°C with mouse monoclonal primary antibodies 
against E-cadherin (1: 1000, #sc-21791), N-cadherin (1: 1000, 
#sc-59987), and beta-actin (1: 1000, #sc-47778) (Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA), followed by subse-
quent incubation with HRP-conjugated secondary goat anti- 
mouse IgG (1: 2000, #A0216, Beyotime, Shanghai, China) at 
room temperature for 1 hour. Then, the membrane was washed 
with PBST 3 times, followed by development using enhanced 
chemiluminescence (ECL) reagents (Millipore, Billerica, MA, 
USA). Each experiment was performed in triplicate.

Statistical Analysis

Statistical Product and Service Solutions (SPSS) 19.0 (SPSS 
Inc., Chicago, IL, USA) was used to perform statistical analysis. 
Data were presented as mean±standard deviation. Comparison 
between 2 groups was conducted using a 2-tailed t test. 
Comparison between multiple groups was made using a one-
way ANOVA test followed by post hoc test (least significant 
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difference). A value of P<0.05 was considered statistically 
significant.

Results

TCONS_00068220 Is Upregulated in Breast Cancer Tissues

The relative expression levels of TCONS_00068220 in 60 paired 
breast cancer and adjacent non-cancerous tissue samples 

were assessed using qRT-PCR. As illustrated in Figure 1A, 
TCONS_00068220 expression was markedly elevated in breast 
cancer tissues (P=0.0086). To determine the correlation be-
tween TCONS_00068220 expression and traditional clinico-
pathological factors, the involved patients were divided into 
high and low groups, using the median TCONS_00068220 lev-
el in breast cancer tissues as the cut-off value. Although there 
was no apparent correlation between TCONS_00068220 ex-
pression and breast cancer subtype, TCONS_00068220 level 
was significantly associated with lymphatic metastasis, Ki67 
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Figure 1. �TCONS_00068220 was upregulated in breast cancer. (A) The relative level of TCONS_00068220 was measured in breast 
cancer tissues and adjacent non-cancerous tissues using qRT-PCR. (B) The relative levels of TCONS_00068220 in various 
breast cancer cell lines were assessed through qRT-PCR. * P<0.05 and ** P<0.01 vs control.

Characteristics
TCONS_00068220 level

P-value
High (n, %) Low (n, %)

Age (years)
³50 	 19	 (63.3) 	 24	 (80.0)

0.153
<50 	 11	 (36.7) 	 6	 (20.0)

Her-2
Negative 	 21	 (70.0) 	 19	 (63.3)

0.239
Positive 	 9	 (30.0) 	 11	 (36.7)

TNBC
TNBC 	 18	 (60.0) 	 17	 (56.7)

0.135
Non-TNBC 	 12	 (40.0) 	 13	 (43.3)

Ki67 
High index 	 25	 (83.3) 	 16	 (53.3)

0.042
Low index 	 5	 (16.7) 	 14	 (46.7)

Lymphatic metastasis
Negative 	 6	 (20.0) 	 19	 (63.3)

0.000
Positive 	 24	 (80.0) 	 11	 (36.7)

Differentiation status
Well/moderate 	 7	 (23.3) 	 18	 (60.0)

0.012
Poor 	 23	 (76.7) 	 12	 (40.0)

TNM stage
I-II 	 20	 (66.7) 	 13	 (43.3)

0.014
III-IV 	 10	 (33.3) 	 17	 (56.7)

Table 1. The correlation between TCONS_00068220 expression level and clinicopathological features of breast cancer patients.

TNBC – triple-negative breast cancer; TNM – tumor, node, metastasis.
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index, clinical stage, and differentiation status (summarized in 
Table 1), suggestive of a significant role of TCONS_00068220 
in breast cancer progression.

TCONS_00068220 Expression Is Elevated in Breast Cancer 
Cell Lines

Next, we evaluated TCONS_00068220 expression in sever-
al different breast cancer cell lines. Compared with the nor-
mal breast epithelial cell line, TCONS_00068220 was clearly 
upregulated in all breast cancer cell lines, with MDA-MB-231 
cells displaying the highest TCONS_00068220 expression, 
whereas MCF-7 cells showed the lowest TCONS_00068220 ex-
pression (Figure 1B; P=0.036, P=0.023, P=0.0091, P=0.0064). 
Thus, MDA-MB-231 was chosen to conduct the subsequent 
TCONS_00068220 gene knockdown experiments, while MCF-7 
was suitable for TCONS_00068220 overexpression. Of note, 
the MDA-MB-231 cell line was previously identified to pos-
sess a high metastatic capacity [18,19], which implies that 
the overexpressed TCONS_00068220 gene may be associat-
ed with cell metastasis.

TCONS_00068220 Promotes Breast Cancer Cell 
Proliferation, Migration, and Invasion

To verify this assumption, TCONS_00068220 was overex-
pressed in MCF-7 cells and silenced in MDA-MB-231 cells us-
ing lentiviral vector-mediated gene transduction, followed by 
the evaluation of cell proliferation, migration, and invasion. 
The qRT-PCR results confirmed an increase in the expression 
of TCONS_00068220 in MCF-7 cells after transfection, whereas 
reduced TCONS_00068220 expression was observed in MDA-
MB-231 cells with gene knockdown (Figure 2A; P=0.0051, 
P=0.0073). As expected, overexpression of TCONS_00068220 
dramatically increased the viability of MCF-7 cells compared 
with the control cells, and downregulation of TCONS_00068220 
suppressed MDA-MB-231 cell viability (P=0.031, Figure 2B).

In addition, the transwell assay demonstrated that the migra-
tory and invasive behaviors of MCF-7 cells were significant-
ly promoted due to TCONS_00068220 overexpression, while 
TCONS_00068220 knockdown in MDA-MB-231 cells led to a 
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Figure 2. �TCONS_00068220 modulates aggressive behaviors in breast cancer cells. TCONS_00068220 was overexpressed in the MCF-7 
cell line and silenced in the MDA-MB-231 cell line via lentiviral vector-mediated transduction. (A) Verification of the efficiency 
of TCONS_00068220 overexpression or knockdown via qRT-PCR. (B) Cell proliferation was evaluated using a CCK8 assay 
after TCONS_00068220 overexpression or silencing. A transwell assay showed the effects of TCONS_00068220 expression 
alterations on cell migration (C) and invasion (D). * P<0.05 and ** P<0.01 vs control group.
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substantial decline in the number of migrated or invasive cells 
(P=0.019, P=0.015, P=0.017, P=0.011; Figure 2C, 2D).

TCONS_00068220 Promotes Tumor Growth In Vivo

To further determine whether TCONS_00068220 affects the 
pathogenesis of breast cancer in vivo, we performed in vivo 
tumor growth assays. Stable TCONS_00068220-depleted MDA-
MB-231 cells generated smaller xenograft tumors, reflected in 
the reduction in tumor weight and tumor volume (Figure 3A; 
P=0.0091, P=0.041, P=0.032, P=0.024, P=0.0075). The tumors 
derived from MCF-7 cells overexpressing TCONS_00068220 
exhibited increased volumes and weights compared with 
those grown from control cells (Figure 3B; P=0.037, P=0.031, 
P=0.026, P=0.012, P=0.0098). These findings indicated that 
TCONS_00068220 can promote breast cancer proliferation 
in vivo.

TCONS_00068220 Is Involved in the Breast Cancer 
Epithelial-Mesenchymal Transition Process

After the in vivo tumor growth analysis, the expression profile 
of E-cadherin, an important marker in the process of EMT, was 

measured using immunoblot analysis. As shown in Figure 4A, 
the protein level of E-cadherin was clearly decreased in MCF-
7 cells overexpressing TCONS_00068220 compared with con-
trol cells. On the contrary, when MDA-MB-231 cells were trans-
fected with siRNA against TCONS_00068220, the expression 
of E-cadherin was remarkably amplified.

E-cadherin Was Downregulated in Breast Cancer Cells

Among the above-mentioned EMT markers, we focused on the 
expression pattern of E-cadherin in breast cancer. As shown 
in Figure 4B, E-cadherin was downregulated in breast can-
cer tissues (P=0.0054). In addition, E-cadherin level was neg-
atively correlated with that of TCONS_00068220 (Figure 4C, 
P=0.00089). In contrast with TCONS_00068220, E-cadherin 
was expressed at the highest level in MCF-7 cells and the 
lowest in MDA-MB-231 cells (Figure 4D, P=0.036, P=0.0081, 
P=0035, P=0.0053).

TCONS00068220 Inhibits E-cadherin Gene Transcription

The functional role of lncRNAs in cancer cells largely depends 
on their subcellular localization. In this context, we performed 
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Figure 3. �TCONS_00068220 promotes breast cancer cell growth in vivo. (A) Effects of TCONS_00068220 knockdown on tumor growth 
in vivo. Left: Representative images of tumors formed in nude mice injected subcutaneously with the TCONS_00068220-
depleted MDA-MB-231 cells. Middle: tumor weights. Right: tumor volumes. Tumors derived from cells with TCONS_00068220 
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Figure 4. �TCONS_00068220 promotes EMT and E-cadherin was downregulated in breast cancer. (A) Western blot assay was used 
to evaluate the protein expression of EMT markers in response to TCONS_00068220 overexpression in MCF-7 cells or 
knockdown in MDA-MB-231 cells. (B) E-cadherin level in breast cancer and adjacent normal tissues. (C) Negative correlation 
between expression levels of TCONS_00068220 and E-cadherin in breast cancer tissues. (D) E-cadherin level in MCF10A and 
various breast cancer cells. EMT, epithelial-mesenchymal transition. * P<0.05 and ** P<0.01 vs control.
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Figure 5. �TCONS_00068220 directly interacts with E-cadherin. (A) TCONS_00068220 subcellular localization detected by the nucleus 
and cytoplasm isolation assay. (B) Biotinylated TCONS_00068220 and its antisense sequence were incubated with MCF-7 
and MDA-MB-231cell lysates, respectively, targeted with streptavidin beads, washed, and bound RNAs were subjected to PCR 
analysis. * P<0.05 vs control.

e929832-7
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Liu X. and Tian X.: 
lncRNA TCONS_00068220 promotes breast cancer progression
© Med Sci Monit, 2021; 27: e929832

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



pLVX-Puro+pcNC pLVX-TCONS_00068220+pcNC pLVX-TCONS_00068220+pcE-cad

siNC si-TCONS_00068220+siNC si-TCONS_00068220+E-cad

MCF-7

MDA-MB-231

pLVX-Puro+pcNC pLVX-TCONS_00068220+pcNC pLVX-TCONS_00068220+pcE-cad

siNC si-TCONS_00068220+siNC si-TCONS_00068220+E-cad

MCF-7

MDA-MB-231

MCF-7

*

*
6

5

4

3

2

1

0

Re
lat

ive
 E-

ca
dh

er
in 

ex
pr

es
sio

n

#

pcNC
pcE-cad

pLVX-TCONS_00068220
pLVX-TCONS_00068220+pcE-cad

MDA-MB-231

MCF-7

3 4 5

#

#
#

21
Time (day)

3 4 521
Time (day)

MDA-MB-231

*

*

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Re
lat

ive
 E-

ca
dh

er
in 

ex
pr

es
sio

n

7

6

5

4

3

2

1

0

OD
 45

0

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

OD
 45

0

#

siNC
si-E-cad

si-TCONS_00068220
si-TCONS_00068220+si-E-cad

*

*

*pLVX-TCONS_00068220+pcNC
pLVX-TCONS_00068220+pcE-cad
pLVX-Puro+pcNC

#

*

*

si-TCONS_00068220+siNC
si-TCONS_00068220+si-E-cad
siNC

A

B

a nucleus-cytoplasm isolation assay to further elucidate the 
molecular mechanism by which TCONS_00068220 regulates 
E-cadherin expression. Results indicated that TCONS_00068220 
was distributed in both the nucleus and cytoplasm but was 
expressed in relative abundance in the cytoplasm (Figure 5A). 
Cytoplasmic lncRNAs can sometimes modulate gene transcrip-
tion through interaction with the target genes. The RNA pull-
down results showed that TCONS_00068220 bound direct-
ly to E-cadherin mRNA in both MCF-7 and MDA-MB-231 cells 
(Figure 5B; P=0.035, P=0.043).

TCONS_00068220 Regulated Breast Cancer Cell 
Performance by Suppressing E-cadherin

Next, we employed rescue experiments to confirm wheth-
er TCONS_00068220 modulated cell behaviors through 
downregulating E-cadherin gene expression. As illustrated 
in Figure 6A, E-cadherin level was remarkably decreased in 
MCF-7 cells transfected with TCONS_00068220 while the com-
promised E-cadherin expression was significantly abated by 
co-transfection with pcDNA3.1-E-cadherin (P=0.023, P=0.033, 
P=0.037). Our results also indicated that E-cadherin silenc-
ing in MDA-MB-231 mitigated the elevated E-cadherin level 
caused by TCONS_00068220 knockdown (P=0.022, P=0.015, 
P=0.042). Furthermore, enhanced expression of E-cadherin 

abrogated the effect of TCONS_00068220 overexpression on 
MCF-7 cell proliferation, migration, and invasion (Figure 6B-6D). 
Likewise, TCONS_00068220 knockdown-mediated suppres-
sion of malignant behavior in MDA-MB-231 cells was re-
stored after E-cadherin silencing. All these data suggest that 
TCONS_00068220 suppresses the expression of its target 
gene E-cadherin, which induces EMT, and thereby promotes 
tumorigenesis.

Discussion

Despite the great efforts made in breast cancer diagnostic and 
therapeutic strategies, most patients are generally diagnosed at 
an advanced stage; hence, unfavorable outcomes await these 
patients [20]. Furthermore, tumors become increasingly ag-
gressive as a result of gradual accumulation of genetic alter-
ations or mutations [21,22]. It is imperative to further under-
stand the molecular mechanisms of breast cancer progression.

As a novel class of noncoding RNA molecules, lncRNAs have 
attracted researchers’ attention in the field of oncology in re-
cent years. lncRNAs are implicated in the modulation of nu-
merous pathological processes related to cancer develop-
ment, including angiogenesis, cell cycle arrest, apoptosis, 
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Figure 6. �TCONS_00068220 modulates breast cancer cell performance by downregulating E-cadherin. E-cadherin was overexpressed in 
pLVX-TCONS_00068220-transfected MCF-7 cells, while E-cadherin was silenced in MDA-MB-231 cells with TCONS_00068220 
knockdown. (A) Assessment of the overexpression of E-cadherin by using qRT-PCR. (B) Cell viability was evaluated 
using the CCK8 assay. (C) Cell migration was measured by transwell assay. (D) Cell invasion was tested by Matrigel 
transwell assay. * P<0.05 vs negative control (NC) group; # P<0.05 vs pLVX-TCONS_00068220+pcDNA3.1-NC group or 
si-TCONS_00068220+si-NC.

differentiation, migration, and invasion, as well as reprogram-
ming of pluripotent stem cells [23,24]. Emerging evidence re-
veals that lncRNAs function as drivers of tumor suppressors 
or oncogenes, thus playing an essential role in regulating nu-
merous cancers [25-27]. Through microarray analysis, lncRNA 
TCONS_00068220 was previously identified to be differential-
ly expressed in gastric cancer tissues and co-expressed with 
interleukin-7 [15], a putative tumor suppressor which can 
mitigate tumor growth and induce complete regression [28], 
indicating a significant role for TCONS_00068220 in tumor 
pathogenesis. In accordance with these findings, Zhao et al 

confirmed that TCONS_00068220 was upregulated in gastric 
cancer tissues and cell lines using qRT-PCR, and found that 
TCONS_00068220 gene silencing inhibited gastric cancer cell 
viability and induced cell apoptosis [16]. Together, these find-
ings demonstrate that TCONS_00068220 acts as an oncogene 
in gastric carcinoma. However, few studies have elucidated the 
effect of lncRNA TCONS_00068220 on other types of cancer. 
In the present study, the level of TCONS_00068220 was no-
tably increased in breast cancer tissues in comparison with 
adjacent non-cancerous tissues. TCONS_00068220 was also 
clearly augmented in several different breast cancer cell lines 
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compared with normal breast epithelial cells. Besides, a high 
expression level of TCONS_00068220 was associated with tu-
mor metastasis, high Ki67 index, advanced TNM stages, and 
low differentiation grade. These results suggest that dysreg-
ulated expression of TCONS_00068220 may contribute to in-
creased breast cancer malignancy.

Indeed, we observed that the proliferation of MCF-7 cells was 
significantly increased in response to enhanced expression of 
TCONS_00068220 while MDA-MB-231 cell proliferation was 
dramatically inhibited after TCONS_00068220 gene knock-
down. This was strictly consistent with a previous study re-
porting that TCONS_00068220 suppresses cancer cell prolifer-
ation [16]. Moreover, migratory and invasive phenotypes were 
more apparent in cells with TCONS_00068220 overexpression. 
In contrast, migrated or invasive cells were substantially de-
creased following TCONS_00068220 depletion, which might ex-
plain the correlation between high TCONS_00068220 expres-
sion and lymphatic metastasis in patients with breast cancer.

EMT is well recognized as a hallmark of cell invasiveness, and 
endows tumor cells with stem cell-like characteristics, such as 
immortalized proliferation and distant metastasis [29]. Previous 
studies have reported that various lncRNAs are involved in 
regulating the EMT process, which leads to cancer develop-
ment [30,31]. For instance, it has been recently reported that 
upregulation of lncRNA CASC9 promotes tumorigenesis by af-
fecting EMT and is responsible for undesirable prognosis in pa-
tients [32]. NEAT1 facilitates cancer cell proliferation and me-
tastasis by stimulating EMT in breast cancer [33]. Zheng and 
coworkers also confirmed that RHPN1-AS1 contributes to tumor 
progression by enhancing the EMT process [34]. Additionally, 
we conducted western blot analysis to measure the expression 
profiles of the EMT marker proteins, and found that overex-
pression of TCONS_00068220 suppressed the protein expres-
sion of epithelial marker E-cadherin, whereas the opposite re-
sults were obtained in TCONS_00068220-depleted cells. Taken 
together, our results indicate that TCONS_00068220 promotes 
the process of EMT during breast cancer progression.

LncRNAs exert regulatory functions via various mechanisms, 
such as epigenetic silencing, modulation of mRNA stability, 
and even interaction with miRNA as ‘sponge RNAs’ [35-37]. 
In our study, the subcellular localization of TCONS_00068220 
was determined by performing a nucleus-cytoplasm isolation 
assay, and the results demonstrated that it was expressed in 
relative abundance in the cytoplasm of breast cancer cells. The 
RNA pull-down assay indicated that TCONS_00068220 bound 
directly to E-cadherin mRNA. In fact, altered expression of 
E-cadherin abrogated the effect of TCONS_00068220 on cell 
proliferation, migration, and invasion, suggesting that the func-
tion of TCONS_00068220 in regulating malignant cell behaviors 
largely depends on the modulation of E-cadherin expression.

Conclusions

In conclusion, our data indicate that upregulation of lncRNA 
TCONS_00068220 in breast cancer inhibits the expression of 
E-cadherin protein and therefore promotes cancer progression 
by, at least in part, enhancing the process of EMT. To the best 
of our knowledge, this is the first time that TCONS_00068220 
has been identified to function as a novel oncogene in breast 
cancer development, although further mechanistic investiga-
tions remain to be carried out.
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