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LincO0707 promotes cell proliferation,
invasion, and migration via the miR-30c/CTHRCI1
regulatory loop in breast cancer
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Abstract. - OBJECTIVE: Breast cancer (BC)
is the most common malignant tumor in women.
We aimed at investigating the function of long
non-coding RNA LINC00707 in BC and the po-
tential mechanism.

PATIENTS AND METHODS: The expression lev-
el of linc00707 was determined using the quantita-
tive Real Time-Polymerase Chain Reaction (qQRT-
PCR) in BC tissues and cell lines. The Cell Count-
ing Kit-8 (CCK-8) and colony formation assays
were performed to detect the potential influence of
LINCO0070 on the proliferation ability of the BC cells.
Also, the invasion and migration abilities were as-
sessed by the transwell assay. Furthermore, with
the bioinformatic analysis and the Dual-Lucifer-
ase Reporter Gene Assay, we analyzed the inter-
action in LINC00707/miR-30c/CTHRC1 regulatory
loop. The regulatory effects of LINC00707/miR-30c/
CTHRC1 on BC were finally determined.

RESULTS: LINC00707 was significantly upregu-
lated in BC tissues and cell lines. The knockdown
of LINC00707 inhibited proliferation, invasion,
and migration in MDA-MB-231 cells, while the
overexpression of LINC00707 achieved the oppo-
site results in MDA-MB-468 cells. LINC00707, act-
ing as a competing endogenous RNA (ceRNA),
could sponge miR-30c to upregulate CTHRCA1,
thus promoting BC progression.

CONCLUSIONS: LINC00707 was highly ex-
pressed in BC tissues and cells. It promoted
cell proliferation, invasion, and migration via
miR-30c/CTHRC1 regulatory loop. This might
provide a novel target for the diagnosis, treat-
ment, and prognosis for BC.

Key Words:
Linc00707, Breast cancer, MiR-30c, CTHRCI, Me-
tastasis.

Introduction

Breast cancer (BC) has become the second
leading cause of cancer deaths among women
worldwide. Death number of BC accounts for 14%
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of all female cancer deaths. There will be approx-
imately 386,150 cases of BC in the United States
in 20192, Currently, remarkable results in surgi-
cal treatment, radiotherapy, chemotherapy, and
endocrine therapy for BC have been achieved, but
its S-year survival rate still remains low*. There-
fore, it is of great significance to find new targets
for improving the prognosis of BC patients.

Long non-coding RNAs (LncRNAs), as a new
class of non-coding RNAs, have been proved to
be involved in a variety of cellular biological
processes, including tumor development, prolif-
eration, apoptosis, invasion, metastasis, and an-
giogenesis*®. In particular, IncRNA LINC00337
promotes cell proliferation of gastric cancer by
EZH2-mediated the downregulation of p21°.
LINCO00052 inhibits colorectal cancer metasta-
sis via modulating CALCOCOI expression by
sponging miRNA-574-5p’. In hepatocellular car-
cinoma, IncRNA CCAT]I accelerates autophagy
via sponging miR-181 to regulate ATG7%. In ad-
dition, IncRNA FOXO1 inhibits cell growth of
lung cancer via inactivating the PI3K/AKT sig-
naling axis’. Many IncRNAs are differentially
expressed in BC tissues and normal tissues. Ln-
cRNAs could affect the tumorigenesis and pro-
gression of BC by affecting cell growth, apopto-
sis, and metastasis. LncRNA HCP5 functions as
a ceRNA by sponging miR-219a-5p to regulate
BIRC3 level, thereafter promoting the progres-
sion of triple-negative breast cancer'’. LncRNA
H19 regulates BC cell development and metas-
tasis via sponging miR-138". In triple-negative
breast cancer, LINC01638, prevents SPOP-me-
diated c-Myc degradation and activates MT-
DH-Twistl signaling'?. In addition, the down-
regulation of IncRNA GASS activates miR-222
to confer tamoxifen resistance in BC">. LncRNA
NKILA inhibits epithelial-mesenchymal transi-
tion (EMT) induced by TGF-B via suppressing
the NF-«xB signaling pathway in BC™.
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LINCO00707 is an intergenic non-coding RNA
of 3087 nt, located on chromatin 10pl7. It pro-
motes the progression of several types of tumors,
including colorectal cancer, gastric cancer, and
hepatocellular carcinoma®-**.

Here, we first measured the relative expres-
sion of LINCO00707 in BC tissue samples com-
pared to adjacent normal breast tissue samples.
Also, LINC00707 expression in BC cells was
detected using the quantitative Real Time-Poly-
merase Chain Reaction (QRT-PCR). The regu-
latory effects of LINC00707 on proliferation,
invasion, and migration in MDA-MB-231 and
MDA-MB-468 cells were determined. The
potential functions of LINCO00707/miR-30c/
CTHRCI1 regulatory loop in BC, have been
finally identified. Taken together, our current
study might provide a viable new perspective
for diagnosis and biotherapy of BC.

Patients and Methods

Tissue Specimens

A total of 79 cases of BC tissue specimens were
collected from patients in the Shanxian Central
Hospital from February 2015 to June 2017. The
median age of enrolled patients was 54.2 years
(31-77 years). No chemotherapy or radiotherapy
was performed before surgery. Patients signed the
informed consent, and the research protocol got
the approval of the Ethics Committee of Shanxian
Central Hospital.

Cell Culture and Transfection

The human-derived BC cell lines SK-BR-3,
MDA-MB-468, MDA-MB-415, Hs 362.T, and
MDA-MB-231, and human breast epithelial cell
line MCFI0A were obtained from the Shang-
hai Institutes of Biological Sciences (Shanghai,
China). The cells were maintained in Dulbec-
co’s Modified Eagle’s Medium (DMEM; Gibco,
Grand Island, NY, USA) containing 1% penicil-
lin-streptomycin (HyClone, South Logan, UT,
USA) and 10% fetal bovine serum (FBS; Gibco,
Grand Island, NY, USA). The cells were culti-
vated in 5% CO, humid air at 37°C. LINC00707
shRNA (shRNA-Linc00707), shRNA negative
control (shRNA-NC), LV-Linc00707, LV-Control,
miR-30c mimics, and mimics NC were all synthe-
sized by Genomeditech (Shanghai, China). Cell
transfection was done using Polybrene (Hanbio,
Shanghai, China) following the manufacturer’s
protocols.

RNA Extraction and gRT-PCR

TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was employed to isolate the total RNA of
BC tissues and cells according to the manufac-
turer’s protocol. A reverse transcription kit (Ta-
KaRa, Otsu, Shiga, Japan) was bought to reverse
transcribe RNA to complementary deoxyribose
nucleic acid (cDNA). QRT-PCR was performed
by using SYBR (TaKaRa, Otsu, Shiga, Japan) on
ABI 7900 qRT-PCR system (Applied Biosyste-
ms, Foster City, CA, USA) in accordance with
the manufacturer’s instructions. The glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH)
was used as an internal control for LINC00707,
while U6 was used for miR-30c. The prim-
er sequences used were: LINC00707: forward
5'-CCCAGACATGACCCGATGAC-3' and re-
verse 5'-CTGGACTGTGAGTACCAGGC-3';
GAPDH: forward 5-CTCACCGGATGCAC-
CAATGTT-3' and reverse 5'-CGCGTTGCTCA-
CAATGTTCAT-3". All primers were obtained by
GeneWiz (Suzhou, China). The relative expres-
sions were analyzed using the comparative cycle
threshold (CT) (224°T) method. The reactions
were measured in triplicates.

Cell Counting Kit-8 (CCK-8) Assay

The cells were inoculated in 96-well plates
with 1000 cells per well. Cell proliferation ability
was determined using the CCK-8 method (Do-
jindo Laboratories, Kumamoto, Japan). The de-
tection time points were 24, 48, 72, and 96 hours
after cell culture. Six parallel wells were set at
each detection time. 10 uL. of CCK-8 reagent was
added into each well, and the absorbance at 470
nm was detected using a microplate reader after
2 h of incubation. The experiments were repeated
for 3 times.

Colony Formation Assay

The cells were inoculated in 6 cm dishes with
1000 cells per well. They were cultured for 15
days. The cells were fixed with formaldehyde and
stained with crystal violet. Under a microscope,
the number of colonies containing more than 50
cells was counted and compared.

Transwell Assay

The 8-pum transwell well inserts (Millipore,
Billerica, MA, USA) and Matrigel (BD Biosci-
ences, San Jose, CA, USA) were prepared. For
the migration assay, MDA-MB-231 and MDA-
MB-468 cells suspended in the serum-free me-
dium were seeded on the top of the transwell
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chamber with 1 x 10° cells per well. The bottom
chamber was filled with DMEM containing 10%
FBS. After 48 h incubation, the non-penetrated
cells were cleaned with a cotton swab from the
upper filter. The cells on the bottom surface of
the filter were incubated in methanol for 30-min
fixation and crystal violet for 15-min staining.
The migratory cell numbers were determined un-
der a microscope (Olympus, Tokyo, Japan) in six
randomly selected fields by counting the stained
cells. For invasion assay, the upper chamber of the
insert was covered with Matrigel. All assays were
performed in triplicates.

Dual-Luciferase Reporter Gene Assay

We employed the Dual-Luciferase Report-
er Gene Assay System (Promega, Madison, WI,
USA) for the analysis. LINC00707 sequences
containing the wild-type (WT) or mutant (MUT)
miR-30c-binding sites were compounded by Ge-
nePharma (Shanghai, China) and inserted into the
system. MDA-MB-468 cells were co-transfected
with miR-30c mimics/negative control and WT/
MUT Luciferase plasmids. Luciferase activities
were measured after 48 h of co-transfection. The
relative ratio of the Luciferase activity of firefly to
that of Renilla was assessed. Also, the interaction
between miR-30c and CTHRC1 was analyzed in
the same way.

Western Blot Analysis

The cellular proteins were extracted using
radioimmunoprecipitation assay (RIPA) reagent
(Beyotime, Shanghai, China) supplemented with
phenylmethylsulfonyl fluoride (PMSF) (Beyo-
time, Shanghai, China). A bicinchoninic acid
(BCA) protein assay kit (Beyotime, Shanghai,
China) was used to determine the protein con-
centration. A total of 20 pg proteins were sepa-
rated with electrophoresis using 10% dodecyl
sulfate, sodium salt-polyacrylamide gel electro-
phoresis (SDS-PAGE) gel and transferred onto
polyvinylidene difluoride membranes (PVDF;
Millipore, Billerica, MA, USA). After blockage
in non-fat milk, the membranes were immersed
at 4°C overnight in the primary antibodies. Next,
these membranes were incubated with a horserad-
ish peroxidase (HRP)-labeled secondary antibody
(1:2000, CST, Danvers, MA, USA) for 2 h at room
temperature after washing with Tris-Buffered
Saline with Tween-20 (TBST). An enhanced che-
miluminescence (ECL) kit (Millipore, Millipore,
Billerica, MA, USA) was used to detect protein
expressions using Bio-Rad (Hercules, CA, USA)

imaging system. Each experiment was repeated
for 3 times. The primary antibodies used were
as follows: anti-CTHRC1 (1:1000, Cell Signaling
Technology, Danvers, MA, USA) and anti-GAP-
DH (dilution 1:2000, CST, Danvers, MA, USA).

Statistical Analysis

The statistical analysis was conducted us-
ing the Statistical Product and Service Solutions
(SPSS) 19.0 software (IBM Corp., Armonk, NY,
USA) and GraphPad 5.0 software (La Jolla, CA,
USA). The #-test was used for comparing the dif-
ferences between the two groups. p<0.05 was
considered to have a significant difference.

Results

Linc00707 Was Overexpressed
in Breast Cancer Tissues and Cells

We employed qRT-PCR to measure the level
of LINCO00707 in 79 paired BC tissue samples
comparing to adjacent normal breast tissue sam-
ples. Clearly shown in Figure 1A, LINC00707
level was highly expressed in BC tissues, indicat-
ing that LINC00707 might function as an onco-
gene in BC. Next, LINC00707 level in BC cell
lines MDA-MB-468, SK-BR-3, MDA-MB-415,
Hs 362.T, and MDA-MB-231, and human breast
epithelial cell line MCFIOA was determined.
Similarly, LINC00707 was upregulated in BC
cells (Figure 1B). These data suggested that
LINC00707 was upregulated in BC tissues and
cells, which could act as an oncogenic effect.

For further studying the function of
LINC00707 in BC cells, LINC00707 expres-
sion was knocked down in MDA-MB-231 cells
by transfection of shRNA-Linc00707 and it was
overexpressed in MDA-MB-468 cells by trans-
fection of LV-Linc00707 (Figures 1C, 1D).

Ectopic Expression of Linc00707
Influenced BC Cell Proliferation

To evaluate the influence of LINC00707 in cell
proliferation, CCK-8 and colony formation assay
were conducted. The knockdown of LINC00707
decreased the proliferation of MDA-MB-231
cells, while the overexpression of LINC00707
yielded the opposite result in MDA-MB-468 cells
(Figures 2A, 2B). The colony formation assay
obtained similar results (Figure 2C-2F). These
results indicated that LINC00707 could promote
the proliferation of BC cells.
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Figure 1. LINC00707 was highly expressed in breast cancer (BC) tissues and cells. A, QRT-PCR showed LINC00707 expression
level in a total of 79 BC tissues and paired non-tumor tissues. B, LINC00339 expression level in BC cell lines (MDA-MB-468, SK-
BR-3, MDA-MB-415, Hs 362.T, and MDA-MB-231) and human breast epithelial cell line MCF10A. C, ShRNA targeting LINC00707
(shRNA-LINCO00339) or negative controls (shRNA-NC) was transfected into MDA-MB-231 cells. D, LV-Linc00707 or LV-control
was transfected into MDA-MB-468 cells. ***p<0.001, **p<0.01, *»<0.05 compared to the control group.

LINC00707 Promoted Cell Invasion
and Migration in BC

Next, the regulatory effects of LINC00707
on the metastatic abilities of BC were evaluated
by the transwell assay. The invasion ability in
MDA-MB-231 cells markedly decreased after
transfection of shRNA-LINC00707 compared
to the negative control cells (Figure 3A). By
contrast, MDA-MB-468 cells overexpressing
LINCO00707 showed increased cell invasion
ability compared to the LV-control group (Fig-
ure 3B). Similarly, the migration capability was
stimulated by the overexpression of LINC00707,
and it was attenuated after LINC00707 knock-
down (Figures 3C, 3D). These experiments
showed that LINC00707 could promote cell in-
vasion and migration of BC cells.

MiR-30c Acted as a Direct
Target of Linc00707 in BC

We next aimed to study the underlying mech-
anism of LINCO00707 in BC. Several studies
explained that IncRNAs exert as competing en-
dogenous RNAs by binding to related miRNAs.
Hence, we searched IncRNABase (http:/starbase.
sysu.edu.cn/agoClipRNA.php?source=IncRNA)
and found that miR-30c acted as a potential target
miRNA for LINC00707 (Figure 4A). Using Du-
al-Luciferase Reporter Gene Assay, we verified
that miR-30c could directly bind to the specific
sites in the promoter region of LINC00707 (Fig-
ures 4A, 4B). Further, we detected the expression
of miR-30c in the transfected MDA-MB-231 cells
and MDA-MB-468 cells using qRT-PCR. The
level of miR-30c was negatively regulated by



Linc0O0707 in breast cancer

MDA-MB-231 MDA-MB-468
257 ¥ shRNA-Linc00707 209 -+ LV-Linc00707 *ok
° -o- shRNA-NC s @ - LV-control
Q 2.0 3}
< € 1.5
(1] [
2 £
o 1.5 * o %*
2 £ 1.04
< 40 <
£ £
o S 0.5
; 0.54 r;
0.0 . . . . 0.0 . . . .
24 48 72 96 24 48 72 96
A B
Time (h) Time (h)
*
80-
MDA-MB-231
ShRNA-Linc00707  shRNA-NC 3 60
Q2
; . . g
A o .
' LR 2401
o b 5
e e .'f.., ¢ g 20
.0'
(@ D ol
ShRNA-Linc00707 shRNA-NC
2501 ek
MDA-MB-468 2004
LV-Linc00707 LV-control E 1504
g ——
- 100
S
8 50
0 r
F LV-Linc00707 LV-control

Figure 2. LINC00707 affected the proliferation of BC cells in vitro. A-B, CCK-8 assays showed the proliferation ability
of MDA-MB-231 cells transfected with sShARNA-Linc00707, or shRNA-NC, and MDA-MB-468 cells transfected with LV-
Linc00707 or LV-control. C-F, Colony formation assay showed the proliferation ability of MDA-MB-231 cells transfected
with ShRNA-LINC00707 or shRNA-NC (C-D) and MDA-MB-468 cells transfected with LV-LINC00707 or LV-control (E-F)
(magnification x 40). **p<0.01, *p<0.05 compared to the control group.

LINCO00707 (Figures 4C, 4D). These results indi-
cated that LINC00707 functioned as a ceRNA for
miR-30c and negatively regulated its level.

Linc00707 Acted as an Oncogene Via
Promoting CTHRC1 Expression Through
Downregulating MiR-30c

As we claimed miR-30c as a target for
LINCO00707 in BC, we deeply explored the func-
tion of miR-30c in BC. We found that CTHRCI1
was a direct target for miR-30c in BC by search-
ing the databases, including miRBase, miRWalk,
and TargetScan (Figure SA). The binding relation-
ship between miR-30c and CTHRCI was further
confirmed by Dual-Luciferase Reporter Gene As-

say (Figure 5B). The protein and mRNA levels
of CTHRC1 showed a positive correlation with
LINCO00707, but an evident negative correlation
with miRNA-30c (Figure 5C-5G). These data
demonstrated that LINC00707 could promote
CTHRCI expression via competitively sponging
with miR-30c in BC.

Discussion
Breast cancer with high incidence is the sec-
ond leading cause of cancer death in women and

poses a serious threat to women’s health®3. The
increasing survival rate of BC in recent years has
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Figure 3. LINC00707 affected the invasion and migration of BC cells. A-B, The transwell invasion assay indicated the in-
vasive cell number in established MDA-MB-231 cells and MDA-MB-468 cells. C-D, The transwell migration assay showed
the migratory cell number in the established MDA-MB-231 cells and MDA-MB-468 cells (magnification x100). **p<0.01,

*p<0.05 compared to the control group.

mainly benefited from chemotherapy, radiothera-
py, endocrine therapy, and bio-targeted therapy.
The most promising treatment for improving tu-
mor survival in the future should be targeted ther-
apy"’?'. Most of the therapeutic targets found in
previous studies are protein-encoding genes. The
discovery of IncRNAs has provided a new direc-
tion for finding new therapeutic targets. There-
fore, in-depth researches on the biological prop-

4868

erties of IncRNAs and their regulatory effects on
tumor invasion and metastasis are expected to
provide new targets for early diagnosis and prog-
nosis monitoring of BC**%,

LINCO00707 has been identified to participate in
the development and progression of several types of
cancers. It interacts with mRNA stabilizing protein
HuR to promote growth and metastasis of gastric
cancer*. In hepatocellular carcinoma, LINC00707
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Figure 4. LINC00707 functioned as a sponge of miR-30c. A, The sequences of LINC00707 binding miR-30c, including the
wild-type and mutant-type one. B, Dual-Luciferase Reporter Gene Assay verified the molecular binding between LINC00707
and miR-30c. C-D, QRT-PCR showed the miR-30c expression level in MDA-MB-231 or MDA-MB-468 cells transfected with
shRNA-LINC00707 or LV-LINC00707. **p<0.01, *p<0.05 compared to the control group.

contributes to tumor progression by upregulating
CDK4 via sponging miR-206". In colorectal can-
cer, LINC00707 accelerates cell proliferation and
migration by miR-206/FMNL2 axis'. Furthermore,
it accelerates osteogenesis of human bone mar-
row-derived mesenchymal stem cells via sponging
miR-370-3p®. Here, for the first time, we detected
the expression of LINC00707 in BC tissues and cell
lines. Our results indicated LINC00707 was up-
regulated in BC. Functional experiments revealed
that LINC00707 could promote proliferation, in-
vasion, and migration of BC cells, suggesting that
LINCO00707 acted as an oncogene in BC.
LncRNAs exert its biological effects by inhib-
iting the expressions of their target genes through
ceRNA theory. We searched several databases
and found that miR-30c acted as a potential target

for LINC00707 in BC. MiR-30c has been identi-
fied as a tumor-suppressor gene’*2. Tt could in-
hibit the proliferation and metastasis of BC cells
via SOX9 and indicate poor prognosis of BC¥.
Also, in triple-negative breast cancer, miR-30c
might act as a prognostic and predictive factor**-'.
Here, Dual-Luciferase Reporter Gene Assay veri-
fied that LINC00707 directly bound miR-30c and
inhibited the function of miR-30c¢. Next, we found
that CTHRC1 acted as a downstream molecule
for miR-30c by searching different databases, in-
cluding miRBase, miRWalk, Starbase, and Tar-
getScan. CTHRCI (Collagen triple helix repeat
containing 1 protein) has been verified as an on-
cogene in cervical carcinoma, hepatocellular car-
cinoma, and colorectal cancer to promote tumor
development and metastasis®**’. In BC, an immu-
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Figure 5. CTHRCI1 was identified as the target protein of miR-30c. A, The sequences of CTHRC1 mRNA 3’-UTR and miR-
30c, including the wild-type and mutant-type one. B, Dual-Luciferase Reporter Gene Assay indicated the molecular binding
between CTHRCI and miR-30c. C-G, Western blot assay indicated that the CTHRCI protein expression in the established
MDA-MB-231 cells (C-D) and MDA-MB-468 cells (F-G). E-H, QRT-PCR showed the mRNA expressions of miR-30c and
CTHRCI1 in MDA-MB-231 cells transfected with shRNA-LINC0339 or shRNA-NC (E) and MDA-MB-468 cells transfected
with LV-LINC00707 or LV-control (H) **p<0.01 *p<0.05 compared to the control group.

nohistochemical study showed increased positive
expression of CTHRCI. In our study, LINC00707
could sponge miR-30c to upregulate CTHRCI,
thus promoting cell growth and metastasis in BC.
In the future, in vivo functions of LINC00707 are
required to be investigated.

Conclusions

We demonstrated that LINC00707 was sig-
nificantly upregulated in BC tissues and cells. It
could promote cell proliferation, invasion, and
migration via sponging miR-30c to upregulate
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the expression of CTHRCI. These findings could
provide a novel sight for biological diagnosis and
therapy of BC.
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