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LncRNA LINCO1116 competes with miR-145 for
the regulation of ESR1 expression in breast cancer
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Abstract. - OBJECTIVE: To investigate the
biological role and clinical significance of long
non-coding RNAs (IncRNA) LINC01116 in breast
cancer.

MATERIALS AND METHODS: In the public
database Gene Expression Omnibus (GEO), the
breast cancer data set GSE54002 was screened
for differentially expressed IncRNA LINC01116 in
breast cancer tissues and paracancerous tissues.
Quantitative Real-time polymerase chain reaction
(qRT-PCR) was used to detect the expression of
LINCO1116 in 64 breast cancer tissues and 30 nor-
mal breast tissues. Level of LINC01116 and clini-
copathological parameters of breast cancer were
statistically analyzed. The effect of LINC01116 in
breast cancer cells was investigated after knock-
down of LINCO1116. Luciferase reporter gene was
further used to investigate the mechanism of en-
dogenous RNA (ceRNA).

RESULTS: Results of GSE54002 showed that
the expression of LINCO1116 in breast cancer
tissues was significantly increased. In clinical
samples, the level of LINC01116 in patients with
breast cancer was significantly increased, which
was correlated with the overall survival, tumor
size and tumor node metastasis (TNM) stage in
patients, but not correlated with the age, sex and
lymph node metastasis (p>0.05). LINC01116 can
act as an endogenous sponge and bind directly to
miR-145, resulting in the up-regulation of estrogen
receptor 1 (ESR1), a target gene of miR-145.

CONCLUSIONS: LncRNA LINC01116 is highly
expressed in breast cancer and is a nhew prog-
nostic biomarker in breast cancer. Our study es-
tablishes a new link between LINC01116, miR-
145 and ESR1.
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Introduction

Breast cancer is the most common malignant
tumor in females. Through the overexpression of
proto-oncogene accompanied by the inhibition of
tumor suppressor gene, breast cancer escapes the
immune destruction and achieves uncontrolled
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proliferation!. Gene therapy has become a po-
pular cancer treatment to fundamentally correct
abnormal gene expression associated with the
development of breast cancer?.

A great number of investigations have de-
monstrated that microRNAs (miRNAs), messen-
ger RNA (mRNA), pseudogenes, long non-co-
ding RNAs (IncRNAs), and circular RNAs form
complex networks can regulate expressions of
each other®. Poliseno et al* proposed a compe-
ting endogenous RNA (ceRNA) hypothesis that
endogenous RNAs, such as mRNA, pseudogene,
IncRNA, etc., contained certain miRNA bin-
ding sites, through which competitive binding
of the same miRNAs can reduce the miRNA
suppression of targeting mRNA, thus impro-
ving expressions of target genes. A series of
biological behavior was regulated, including the
occurrence of tumors™. More and more eviden-
ce has shown that ceRNA was closely related to
tumorigenesis. LncRNAs are non-coding RNAs
with over 200 nucleotides in length and are
involved in many disease processes. In recent
years, studies have shown that IncRNA can be
used as a ceRNA, which is closely related to the
development of breast cancer. The driving genes
compete for the miRNA response elements,
impair the inhibitory effect of miRNA on the
target genes, and indirectly regulate the target
gene expression level, thereby participating in
the regulation of breast cancer progression. Ln-
cRNA LINCO01116, also known as TALNEC?2, is
located in the 2q31.1 region. LINCO1116 has be-
en reported on the occurrence and development
of tumors’. To date, no research has been done
on the relationship between LINCO01116 expres-
sion and the incidence and prognosis of breast
cancer. In this work, we found that LINCO01116
was overexpressed in breast cancer, which was
associated with metastasis of breast cancer and
poor prognosis. Fundamental mechanism analy-
sis revealed that LINCO1116 can act as a ceRNA
to regulate estrogen receptor 1 (ESRI) expres-
sion by competing with miR-145.
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Materials and Methods

Cell Culture

Cells were seeded in culture flasks in Dulbec-
co’s Modified Eagle Medium (DMEM) (Gibco,
Rockville, MD, USA) containing 10% fetal bovi-
ne serum (FBS, Gibco, Rockville, MD, USA) and
cultured at 37°C in a cell incubator with 5% CO,.

Cell Transfection

Cells were seeded in the 6-well plate. When
the cell density was about 70%, cells were tran-
sfected with si-NC and si-LINCO01116 sequences
according to the instructions of Lipofectami-
ne 2000 (Invitrogen, Carlsbad, CA, USA) tran-
sfection kit, and the medium was changed 6 h
after transfection. Interference sequences were
as follows: si-LINCO1116 1 #: CCAAAGGCC-
CTGAAGTACACAGTTT; si-LINCO1116 2 #
AGCAGTGTATTAGAAGACAACTGAA.

RNA Extraction and Quantitative
Real Time Polymerase Chain Reaction
(GRT-PCR)

24 hours after transfection, the cells were resu-
spended with 1 mL of TRIzol and the total cellular
RNA was extracted and cDNA was reverse tran-
scribed following instruction. The expression level
of LINCO01116 was detected by gqRT-PCR using 5
uL system. The glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) gene was used as an internal
control and each sample was performed in triplica-
te. Primer sequences were as follows: LINC01116
(Forward) 5-GTTCAAGTGCGTCCGGGTTT-3’,
LINCO1116 (Reverse) 5-CGGACTTCTTTTC-
CAGGCGG-3’; GAPDH (Forward) AGGAGCGA-
GATCCCGCCAACA, GAPDH (Reverse) CGGC-
CGTCACGCCACATCTT.

Cell Proliferation Assay
by Cell Counting Kit-8 (CCK8) Method
Two groups of transfected HCC38 cells were
seeded in a 96-well plate, the serum-free me-
dium was replaced after cells were cultured for
24, 48, 72 and 96 h. 10 puL of CCKS8 were added
to each well and incubated at 37°C and 5% CO,
for 1 h. Finally the OD value was measured at
450 nm. Each measurement was performed in
quintuplicate.

Cloning Formation Assay

Two groups of HCC38 cells transfected for
24 h were inoculated into the medium plate at a
density of 3 x 10°/100 pL and maintained for 24
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h in an incubator at 37°C, 5% CO,. Medium was
replaced every 2 d and the culture was terminated
after 14 d. Medium was then removed and cells
were washed with the phosphate-buffered saline
(PBS) twice, fixed with 5% paraformaldehyde
for 30 min. After fixation, remaining liquid was
removed and 1 mL of 0.1% crystal violet solution
was added per well for 30 min incubation. Next,
excessive crystal violet solution was removed,
and cells were washed until the solution was
clear with PBS. Visible colonies were counted
and recorded.

Luciferase Reporter Gene

Cells were plated in a 24-well plate, and each
sample was performed in triplicate. Cells were
transfected when the cell confluency was 80% to
90%. Specifically, cells were transfected with 80
ng of plasmid, 5 ng of Renilla luciferase, 50 nM
of miR-145 mimics and a negative control using
lipofectamine 2000. After 24 h transfection, cells
were collected and measured. The corrected en-
zyme activity per sample well was calculated as
follows: Firefly luciferase activity value/Renilla
luciferase activity value.

Statistical Analysis

Statistical product and service solutions (SPSS)
22.0 statistical software (IBM, Armonk, NY,
USA) was used for data analysis, and GraphPad
Prism 5.0 (Version X; La Jolla, CA, USA) was
used for picture editing. Measurement data were
compared with #-test and presented as mean =+
standard deviation ( x + s). Categorical data were
compared with x?-test. p<0.05 indicated statisti-
cally significant difference; *p<0.05, **p<0.01
and ***p<(.001.

Results

Relationship Between the Expression
of LINCO1116 in Patients with Breast
Cancer and Clinical Data

GSE54002 data analysis showed that
LINCO1116 expression was significantly increa-
sed in breast cancer (Figure 1B, p<0.001). Fur-
ther gqRT-PCR analysis in 64 breast cancer pa-
tients and 30 normal breast tissues confirmed
that LINCO1116 was highly expressed in breast
cancer tissues (Figure 2A, p<0.001). The clinical
data of patients were also analyzed. The overall
survival rate of LINCO01116 overexpression group
was lower than that of the low expression group
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Figure 1. Long non-cod-
ing RNA LINCO1116 is

highly expressed in breast
cancer tissues. A, Heat
Map of differential ex-
pression between breast
cancer tissues and normal
breast tissues. B, Analy-
sis in GSE54002 dataset
shows that LINCO1116 is
highly expressed in breast
cancer tissues.

L T | 1L | |

| ersiast !
| sKHe14
MIR205HG
HOTARMT |
[ rerimoonozz |
| RP11-164023 7
MIR143HG
RP11-30506.3
LINCOD457
LINCOO176
| FIRRE
LINCO1118
DSCAM-AST
HOTAIR
TINGR
PCATE
| SNHG3
| PYT1

RP5-888N21.10

B GSE54002 C TCGA
15+ 15+ .
_
* * * i
> 124 % 124
S £
IS 2
- 6 & 6
e — g
2 ! 2 T
T T T T
& & > &
& (\c’ g@ (\0
3 & 5 &
g >
< &

(Figure 2B, p=0.0283 HR=1.801). In addition,
the expression of LINCO01116 was higher in pa-
tients with advanced tumors and tumors with
larger volume (Figure 2C, p<0.001 and Figu-

volume (Table I).
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re 2D, p<0.001). x’-test results showed that in
LINCO1116 high expression group, the advanced
tumor stage was correlated with larger tumor

Figure 2. LINCO1116 promotes
breast cancer tissue proliferation.
A, LINCO1116 in 64 patients with
breast cancer tissues was significant-
ly higher than the expression of 30
normal breast tissues. B, The overall
survival rate of breast cancer patients
with high expression of LINCO1116
was significantly lower than that of
LL22NCO03-N64E9. 1 low expres-
sion group. C, The expression of
LINCO1116 was positively correlat-
ed with TNM stage. D, LINCO1116
expression was positively correlated
with tumor size.
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Table I. The correlation between the expression of LINC01116 in mammary glands and clinicopathological features (n = 64).

Clinicopathologic Number LINCO1116 expression p-value
features of cases
Low (n=32) High (n=32)

Age (years) 0.8025
<50 21 15 16
>50 33 17 16

Gender 0.6107
Male 38 18 20
Female 26 14 12

Tumor size 0.0438*
<2CM 28 10 18
>2CM 36 22 14

TNM stage 0.0451*
I-1T 30 19 11
-1V 34 13 21

Lymph node metastasis 0.3087
Absent 26 11 15
Present 38 21 17

Screening Cell Lines and
Interfering Sequences

Total RNA was extracted from breast cancer
cell lines MCF-7, MDA-MB-21 and HCC38 cells,
as well as control cell line MCF-10A The relative
expression of LINCO1116 was detected by gRT-
PCR. The expression of LINCO1116 was the hi-
ghest in HCC38 cell line, so HCC38 cell line was
chosen for the subsequent interference experiment.
The corresponding interference sequence was con-
structed and transfected into HCC38 cell line. Re-
sults of transfection were shown in Figure 3B. The
interference effect of si-LINCO01116 1 # was the best.

Knockdown of LINCO1116
Expression Can Regulate Viability
of Breast Cancer Cells

CCKS8 assay showed that the D450 value of
HCC38 cells transfected with si-LINCO1116 decre-
ased compared with those transfected with si-NC
negative control, indicating that knockdown of
LINCO1116 inhibited the viability of HCC38 cells
(Figure 3C). CCK8 results showed that LINCO01116
can increase the viability of breast cancer cells.

Knockdown of LINCO1116 Expression
Can Regulate the Cloning Ability of
Breast Cancer Cells

Cloning assay showed that the ability of cells
to form clones was significantly suppressed com-
paring to that of the negative control after tran-
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sfected with si-LINCO01116, which indicated that
the interference LINCO01116 inhibited the cloning
ability of HCC38 cells (Figure 3D).

LINCO1116 Regulates its Target Gene,
ESR1, as a Sponge of miR-145

After knockdown of LINCO01116, miR-145
was found upregulated (Figure 4A). To identify
LINCO1116 targets, websites of starBase® (http:/
starbase.sysu.edu.cn/) and RegRNA (http:/regr-
na.mbc.nctu.edu.tw/html/prediction.html)  were
used to predict the loci where LINCO1116 bind
to miRNAs. The results indicated that miR-145
was found to have a binding site for LINCO1116
in both websites (Figure 4B). To verify this pre-
diction, luciferase activity assay was performed.
After construction of pGL3-LINCO1116-Wild
and pGL3-LINCO01116-Mut, miR-145 mimics or
nc were co-transfected into breast cancer cell
HCC38, and the results showed that miR-145
mimics reduced relative luciferase activity of
pGL3- LINCO1116-wild. However, there was no
difference in relative luciferase activity between
pGL3-LINCO1116-Mut and the negative control
(Figure 4C). Therefore, LINCO01116 could bind
directly to miR-145. Furthermore, the target ge-
ne of miR-145 was predicted from the websi-
tes (DIANA, miRanda, PicTar) and ESR1 was
selected for further study (Figure 4D). It was
demonstrated that miR-145 reduced the relative
luciferase activity of ESRI (Figure 4E, F), im-
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plying that ESR1 was the target gene of miR-145.
Figure 4G and 4H showed that knockdown of
LINCOI1116 or upregulation of miR-145 can redu-
ce ESRI expression. It was further demonstrated
that LINCO1116 regulated its target gene ESR1 as
a sponge of miR-145.

Discussion

The incidence of breast cancer ranks first
among female’s tumors, among which invasive
ductal breast is most commonly observed with an
increasing incidence every year. Although there
are currently many treatments for breast cancer,
the curative effect is still unsatisfactory. Therefo-
re, to seek new molecular targets for breast cancer
treatment is a hot topic in the current research.

Therefore, we downloaded the GSE54002 bre-
ast cancer microarray data set from the GEO
database and analyzed the genetic map of breast
cancer and normal breast tissue, and we found
that IncRNA LINCO1116 was highly overexpres-
sed in breast cancer. Some studies have shown

that LINCO1116 had a proliferative promotion
role in glioma’ and prostate cancer’. However,
few researches reported the relationship between
LINCO1116 and breast cancer. We hypothesized
that LINCO1116 was a cancer-promoting onco-
gene. In this study, our clinical samples were
used to detect the expression of LINCO1116 in
breast cancer. Also, interference of LINCO01116
expression was performed for comparison. The
results showed that, compared with normal breast
tissue, the upregulation of LINCO1116 in breast
cancer was related to the size of large tumor and
advanced stage of pathology. In addition, the
overall survival of patients with high expression
of LINCO1116 was significantly shorter than that
of patients with low expression of LINCO1116.
High expression of LINCO01116 promoted the pro-
liferation of breast cancer cells. It was suggested
that LINCO1116 can provide the basis for the
prevention and target treatment of breast cancer.
To date, many studies have supported the ceRNA
hypothesis. For example, PTEN was an important
tumor suppressor gene that was abnormally alte-
red in a variety of human tumors.
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Figure 4. LINCO1116 regu-
lates ESR1 via miR-145. A,
Expression of miR-145 in
HCC38 after knockdown
of LINCO1116. B, Predicted
binding sites for miR-145 and
3'-UTR region of LINCO1116.
C, Luciferase reporter gene
showed whether miR-145
bound to LINCO1l16. D,
Predicting binding sites for
miR-145 and 3-UTR region
of ESRIL. E, Luciferase re-
porter gene showed wheth-
er miR-145 bound to ESRI.
F, Correlation analysis of
LINCO1116 and ESRI ex-
pression levels. G, Protein ex-
pression of ESR1 after knock-
down of LINCO1116 and
overexpression of miR-145. H,
ESR1 mRNA expression after
knockdown of LINCO01116 and
overexpression of miR-145.
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PTEN ceRNAs have been found in melano-
ma, prostate cancer and glioblastoma'®'?. These
findings confirmed the existence of intracellular
regulation of ceRNA network, and their extensive
involvement in tumor angiogenesis, invasion, me-
tastasis and other processes'>'*. Once the balance
of the network of ceRNAs has been broken, it
can lead to diseases, including tumors. In order
to investigate the mechanism of LINCO01116 in the
pathogenesis of breast cancer, we selected miR-
145 as a miRNA model to further study the target
gene ESR1. ESR was involved in the occurren-
ce and development of many tumors. Although
ESR has two subtypes (ESR1 and ESR2), only
ESR1 was highly expressed in normal pituitary
and pituitary adenomas. Our study showed that
in breast cancer cells, LINCO01116 can act as a
ceRNA and bind directly to miR-145, resulting
in the up-regulation of ESR1. In summary, this
study first demonstrated that LINCO1116 was
highly expressed in breast cancer, which can
promote the proliferation of breast cancer cells
Its high expression may be related to the progress
of breast cancer, and was expected to become an
independent prognostic indicator of breast can-
cer. In addition, LINCO1116 can be used as an
endogenous sponge to adsorb miR-145, leading to
the up-regulation of miR-145 target gene ESRI,
which led to the progression of breast cancer.

Conclusions

We showed that overexpression of LINC01116
is a biomarker of poor prognosis in breast cancer,
providing a malignant phenotype to tumor cells.
The ceRNA regulatory network of LINCO1116
helps the better understanding of the pathogene-
sis of breast cancer, and LINCO01116 is expected
to become a new prognostic marker and therapeu-
tic target for breast cancer.
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