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Abstract: Emerging evidence has illustrated that long noncoding RNA 01234 (LINC01234) has played a pivotal
role in the development and progression of human cancer. The regulatory role and underlying mechanisms of
LINCO1234 in triple-negative breast cancer (TNBC) remains unknown. In this study, we analyzed the expression
level of LINCO1234 in several breast cancer cell lines. CCK-8, EdU, flow cytometry analysis, wound healing assay,
and transwell assay were carried out to investigate the effect of LINCO1234 on tumor proliferation, apoptosis, and
migration. Bioinformatic analysis and luciferase reporter assays were performed to confirm the molecular binding.
We found that LINCO1234 was dramatically upregulated in breast cancer cell lines, especially in TNBC. The loss and
gain-of functional experiments revealed that LINC0O1234 significantly promoted proliferation, migration, and sup-
pressed cell apoptosis of MDA-MB-231 cells in vitro and inhibited tumorigenesis in vivo. Mechanistic investigations
demonstrated that LINCO1234 might act as a competing endogenous RNA (ceRNA) for miR-429 to regulate the
SYNJ1 expression. The effects of miR-429 and SYNJ1 in MDA-MB-231 cells were also analyzed. Our results revealed
that the novel LINCO1234/miR-429/SYNJ1 axis played a critical role in progression of TNBC cell line MDA-MB-231,

and it may serve as a therapeutic target for TNBC.
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Introduction

Breast cancer, the most common malignant
disease in women, is the second leading cause
of cancer-related death [1, 2]. Due to the high
heterogeneity of breast cancer, it can be divid-
ed into several molecular subtypes. Triple-
negative breast cancer (TNBC) is a subtype of
breast cancer that does not express estrogen
receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2
(HER-2) [3]. It has the characteristics of high
invasiveness, high malignancy, and difficult
treatment. Due to the primary or secondary
drug resistance, or even the lack of specific
treatment targets, some patients in the middle-
and late-stage lack effective treatments. This is
the focus and difficulty in the field of basic
research and clinical diagnosis and treatment
of breast cancer in the world [4]. It is urgent to

further elucidate the mechanism of the occur-
rence and development of TNBC at the molecu-
lar level, and to find effective diagnostic and
prognostic indicators as well as new molecular
markers for targeted therapy.

Long-stranded noncoding RNA mainly refers
to IncRNA, whose length is between 200-
200000 bases. It has the characteristics of
low sequence conservation and complex regu-
latory mechanisms. Studies have reported that
LncRNA is involved in many physiological pro-
cesses, such as gene expression, chromatin
remodeling, X-chromosome inactivation, geno-
mic imprinting, RNA splicing, and translation
regulation [5, 6]. Its abnormal expression can
affect the occurrence and development of
many kinds of malignant tumors through a vari-
ety of regulatory mechanisms, including breast
cancer [7-9]. HOTAIR can promote breast can-
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cer metastasis by inducing chromatin rear-
rangement [10]. IncRNANKILA can inhibit
breast cancer metastasis by blocking I«k-B
phosphorylation [11]. Some studies have
shown that LncRNA also plays a vital role in
TNBC. Shen et al., screened 1758 IncRNAs,
and found that the expression of INcCRNAXR_
250621.1 was significantly higher in clinical
samples of TNBC. The expression of IncRNA
NONHSAT125629 was significantly lower in
TNBC [12]. Eades G studies have found that
IncRNA-ROR regulated the progression of TNBC
through the lincRNA-RoOR-miR-145-ARF6 path-
way [13]. These findings suggest that an in-
depth study of the biological characteristics of
IncRNA and its role in invasion and metastasis
are expected to provide a new target for early
diagnosis and prognosis monitoring of TNBC.

LINCO1234, a newly discovered IncRNA, is
located on chromosome 12g24.13. The small
number of studies have shown that it was up-
regulated in lung cancer [14], gastric cancer
[15], and colon cancer [16]. LINCO1234 was
first reported in breast cancer. Guo et al. found
that the three-IncRNA signature (LINCO1234
and two other IncRNAs) was an independent
prognostic biomarker in breast cancer [17].
The biological function and mechanism of
LINC01234, especially in TNBC, remains
unknown.

In the present study, we found that LINCO1234
was markedly upregulated in TNBC. Loss-
and gain-of-function assays showed that
LINCO1234 promoted TNBC cell line MDA-
MB-231 progression in vitro and in vivo. The
mechanistic analysis revealed that LINCO1234
functioned as a miR-429 “sponge” and target-
ed SYNJ1. We demonstrated the important
function of LINCO1234/miR-429/SYNJ1 axis in
TNBC. Our findings may provide a novel thera-
peutic target for TNBC.

Materials and methods
Cell culture

Four human breast cancer cell lines (MDA-
MB-231, MCF-7, T47D, and SK-BR-3) and one
non-tumorigenic human breast epithelial cell
line (MCF-10A) were purchased from the Peking
Union Medical College Cell Culture Center
(Beijing, China). They were all cultured in a
humidified incubator at 37°C with 5% CO,,. MCF-
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10A cells were cultured in DMEM/F12 (12500-
062, Thermo Fisher Scientific) medium supple-
mented with 10% horse serum (HyClone),
1 mg/mL epidermal growth factor (Merck
KGaA), 1 mg/mL cholera toxin (Merck KGaA),
20 mg/mL insulin (Merck KGaA), and 1 mg/mL
hydrocortisone (Merck KGaA). T47D (Luminal
breast cancer cell) and SK-BR-3 cells (HER2-
enriched breast cancer cell) were maintained
in Roswell Park Memorial Institute-1640 medi-
um (C11875500BT, Thermo Fisher Scientific)
supplemented with 10% fetal bovine serum
(FBS, 10099141, Thermo Fisher Scientific).
MDA-MB-231 (Triple-negative/basal-like breast
cancer cell) and MCF-7 cells (Luminal breast
cancer cell) were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM; C119955008BT,
Thermo Fisher Scientific) supplemented with
10% FBS.

Cell transfection

Cells were transfected with small interfer-
ing RNAs (siRNAs), plasmid vector, miRNA mim-
ics, miRNA inhibitor, or short hairpin RNA
(shRNA) using TransIintro EL transfection
reagent (TransGen Biotech, Beijing, China)
according to the manufacturer’s instructions.
The LINCO1234 siRNA, SYNJ1 siRNA, miR-429
mimic, miR-429 inhibitor, and matched nega-
tive controls were purchased from RiboBio
(Guangzhou, China). The pcDNA3.1-LINC01234
plasmid and sh-LINCO1234 plasmid were
cloned by General Biosystems (Anhui, China).

All the sequences were listed in Supplementary
Table 1.

RNA extraction and quantitative RT-PCR as-
says

We used TRIzol Reagent (T9424, Merck KGaA)
to extract the total RNA from tissues and cell
lines. Single-stranded complementary DNA
was synthesized from RNA using GoScript™
Reverse Transcription System (Promega,
Wisconsin, USA) and gRT-PCR analyses were
performed using the SYBR Green Master Mix
(Roche, Basel, Switzerland). U6 or GAPDH was
used as an internal control for miRNA expres-
sion or mRNA expression. 222t method was
used to calculate the expression level of each
gene. ABI 7300 instrument (Life Technology,
USA) was used to conduct the qRT-PCR and
data collection. The primers were shown in

Supplementary Table 1.
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Cell proliferation assays

Cell Counting Kit-8 (CCK-8) (RiboBio, Guang-
zhou, China) was used to detect the cell prolif-
eration. Cells were seeded in 24-well plates,
after being transfected with plasmid for 48 h,
50 upL of CCK-8 solution was added to each
well. The absorbance was measured at 450 nm
using a microplate reader (BioTek) after incu-
bating for 20-40 min at 37°C.

2.5 EdU (5-ethynyl-2’-deoxyuridine) assays

5-ethynyl-2’-deoxyuridine (EdU) was used to
assess the growth of breast cancer cells. Cells
were seeded in 24-well plates and transfected
with plasmid for 48 hours. First, 25 mM of EdU
(RiboBio) was added to each well for 2 hours at
37°C. Second, cells were fixed with 4% parafor-
maldehyde and 0.5% Triton-X. Third, the cells
were reacted with Apollo reaction cocktail
(RiboBio) for 30 minutes. Hoechst 33342 was
used to label cell nuclei. Finally, inverted micro-
scope (TS100, Nikon, Tokyo, Japan) was used
to visualize. The percentage of EdU-positive
cells was calculated as (EdU-positive cells/
Hoechst-stained cells) x 100%.

Flow cytometry analysis

Cells were seeded in 12-well plates and
then transfected with si-LINCO1234, pcDNA-
LINCO1234, miRNA mimics, miRNA inhibitor, or
si-SYNJ1. After 48 hours, the cells were har-
vested and stained with 1 pL Annexin V and
2 uL propidium iodide for 30 minutes. They
were analyzed by Flow cytometry (Becton
Dickinson, Franklin Lakes, USA) according to
manufacturer’s instructions.

Wound healing assay

Cells were seeded in a 12-well plate and trans-
fected with si-LINC01234, pcDNA-LINC01234,
MiRNA mimics, miRNA inhibitor, or si-SYNJ1.
After 6 hours, the artificial wounds were gener-
ated using a pipette tip and the wounded
monolayer cells were washed twice with PBS.
These cells were cultured for 12 or 24 hours
with 1% low serum medium. Olympus micro-
scope (Olympus Corporation, Tokyo, Japan)
was used to capture the cell morphology at dif-
ferent times. ImageproPlus6.0 software (Media
Cybernetics, USA) was used to analyze the
data.
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Transwell assays

We used 6.5 mm transwell chambers with 8 ym
pores (3422, Corning Incorporated, New York,
USA) were used to determine cell migration.
Cells were seeded in a 12-well plate and trans-
fected with plasmids. After 48 hours, digested
transfected cells were seeded in the upper
chamber with 8 x 10° cells and supplemented
to 200 pL with the medium of 0.1% FBS, the
lower chambers were filled with 500 pL of com-
plete medium. After 24 hours of incubation, the
migrated cells on the lower surface of the mem-
brane were fixed with 4% paraformaldehyde in
PBS and stained with 0.1% crystal violet. The
non-migratory cells that remained in the upper
surface were removed with a cotton swab. The
cells adhering to the lower chamber were
counted with light microscopy.

Luciferase activity analyses

The wild-type (LINCO1234-WT) or mutant-type
(LINCO1234-MUT) fragment and the 3’ untrans-
lated region (UTR) of SYNJ1 (SYNJ1-WT or
SYNJ1-MUT) were cloned into the Pmel and
Xbal sites of the PmirGLO vector (Promega).
Both constructs were verified by sequencing.
293T cells were cultured in 12-well plates and
were co-transfected with 50 nM control mimic
or miR-429 mimic, 2 ug either wild-type vector
or mutant vector using Lipofectamine 2000
(Invitrogen). At 48 h post-transfection, the rela-
tive luciferase activity was calculated by
normalizing the firefly luminescence to the
Renilla luminescence using the Dual-Luciferase
Reporter Assay (Promega) according to the
manufacturer’s instructions. Values represent
the mean + standard deviation of three experi-
ments from three independent assays.

Animal experiments

All protocol was approved by the Animal Ethics
Committee of the Kunming University of
Science and Technology (PZWH K2019-0005).
Four-week-old female null mice were purchased
from Hunan SJA Laboratory Animal Co., Ltd. 1 x
10° MDA-MB-231 cells that transfected with
lentivirus (sh-NC or sh-LINC01234) were inject-
ed subcutaneously. Tumor volumes were mea-
sured every 7 days. The volume was calculated
using the following formula: V=0.5 x length x
width?. After 6 weeks, mice were euthanized,
and the tumor weight was examined.
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RNA-FISH

MDA-MB-231 cells were inoculated in 48-well
plates at a density of 1 x 10* cells/well and cul-
tured overnight in an incubator. Cells were fixed
in 4% paraformaldehyde for 20 min and washed
with PBS. The fixed cells were treated with pro-
teinase K (20 ug/ml) at 37°C for 8 min and
blocked-in pre-hybridization buffer for 1 h. Cells
were incubated with probe-containing hybrid-
ization solution at 37°C overnight. After cells
were washed, they were stained by DAPI for 8
min in the dark. Finally, the slices were observed
under a Nikon fluorescence microscope and
the images were collected.

RNA immunoprecipitation (RIP)

RIP assays were performed using an EZ-Magna
RIP™ RNA-Binding Protein Immunoprecipitation
Kit (Millipore, #17-701) according to the manu-
facturer’s protocol. MDA-MB-231 cells (1 x 107)
were lysed in complete RIP lysis buffer, remove
100 puL of the supernatant of RIP lysate and
incubated with magnetic beads conjugated
with anti-Ago2 (Millipore, 03-110) or control IgG
for overnight at 4°C. The beads were washed
with RIP wash buffer and incubated with pro-
teinase K. The purified RNA was eluted for sub-
sequent gRT-PCR measurement.

Western blot

After transfection, MDA-MB-231 cells were
lysed with RIPA lysis buffer (Beyotime Biote-
chnology, China, POO13B). Protein concentra-
tion was measured using BCA Protein Assay Kit
(TIANGEN BIOTECH (BEIJING) Co., Ltd. PA115).
Cell lysates were separated by 8% SDS-PAGE
and transferred to 0.45 ym PVDF membrane
(Merck KgaA, IPVHO0010), followed by incuba-
tion with primary antibodies, including SYNJ1
(Affinity, DF13566, 1:1000), GAPDH (ABclonal,
AC001, 1:1000) and Tubulin (ABclonal, ACO0S,
1:1000) overnight at 4°C. The membranes
were washed with Tris-buffered saline and
Tween-20 for 10 min and incubated with sec-
ondary antibodies for 2 h at room temperature.
The protein bands were examined with
Immobilon western chemiluminescent reagent
(Merck KGaA) and images were captured with a
chemiluminescence imaging system (Tanon
5200, Shanghai, China).
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Bioinformatics analysis

AnnolLnc database (http://annolnc.cbi.pku.edu.
cn/index.jsp) was used to predict the miRNAs
of LINCO1234 interactions. The targets of can-
didate miRNAs were predicted using 4 online
databases, including TargetScan (http://www.
targetscat.org/vert_72/), miRTarBase (http://
mirtarbase.mbc.nctu.edu.tw/), miRDB (http://
mirdb.org/) and microRNA.org (http://www.
microrna.org/microrna/home.do).

Statistical analyses

All statistical analyses were performed by SPSS
version 19 software (IBM Corp., Armonk, USA)
and GraphPad Prism 7 (GraphPad Software, La
Jolla, USA). Data were shown as the mean *
standard deviation (SD). Statistical differences
were determined by using the students’ t test or
ANOVA analysis. P<0.05 was defined as statis-
tically significant.

Results
LINC0O1234 was upregulated in TNBC

To study the role of LINCO1234 in breast can-
cer, we first detected the LINC0O1234 levels in
breast cancer cell lines and non-tumorigenic
mammary epithelial cell line (MCF-10A). As
shown in the Supplementary Figure 1, LINC-
01234 was up-regulated in all four breast can-
cer cell lines compared with the MCF-10A. The
highest expression was found in TNBC cell line
(MDA-MB-231), suggesting that LINC01234
may promote the progression of TNBC.

Knockdown of LINC01234 inhibited TNBC cells
proliferation and cell migration but induces
cell apoptosis

To investigate the biological function of
LINCO1234 in TNBC cells, we first knocked
down or overexpressed LINC0O1234 in MDA-
MB-231 cells. The transfection efficiency was
confirmed by qRT-PCR (Figure 1A and 1B).
CCK-8 assays demonstrated that silencing of
LINCO1234 significantly inhibited the prolifera-
tion of MDA-MB-231 cells. LINCO1234 overex-
pression significantly increased cell growth
(Figure 1C and 41D). EdU assays revealed
that knockdown of LINC01234 markedly
decreased the percentages of EdU-positive
cells. The opposite effects were observed after
LINC01234 overexpression (Figure 1E and 1F).
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Figure 1. Knockdown of LINCO1234 inhibited TNBC cell proliferation and induces cell apoptosis in vitro and in vivo.
A. gRT-PCR analysis of LINCO1234 expression in MDA-MB-231 cells transfected with si-NC or si-LINC0O1234. B. qRT-
PCR analysis of LINCO1234 expression in MDA-MB-231 cells transfected with empty control or pcDNA-LINC0O1234.
C and D. The effect of LINCO1234 on cell proliferation was evaluated by CCK-8 assays. E and F. EdU assays as-
sessed the effect of LINCO1234 on cell proliferation. Scale bar: 200 ym (100 x). G. FACS was performed to de-
termine the apoptosis rate. H. gRT-PCR analysis of LINCO1234 expression in MDA-MB-231 cells transfected with
sh-RNA. I. Tumor volumes were measured once a week (N=5). J. Images of tumors of each group. K. Tumor weights
were evaluated at the end of experiment. NC, negative control. EdU, 5-Ethynyl-2’-deoxyuridine. FACS, fluorescence
activated cell sorting. The data were representative of 3 independent experiments with the mean + standard devia-
tion. *P<0.05, *"P<0.01, **P<0.001, "**P<0.0001.
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Figure 2. LINCO1234 promoted TNBC cell migration. The migration capacity of MDA-MB-231 cell transfected with
indicated vectors was detected by wound-healing assay (A) and transwell assay (B) Scale bar: 50 um (200 x). NC,
negative control. The data were representative of 3 independent experiments with the mean * standard deviation.

“P<0.05, "*P<0.001.

We explored the effect of LINCO1234 on apop-
tosis of MDA-MB-231 cells. Flow cytometry
analysis showed that the apoptotic ratio of
MDA-MB-231 cells was significantly increased
by knocking down LINCO1234 (Figure 1G).

The xenograft assay was carried out to explore
whether LINCO1234 affected the tumor growth
in vivo. MDA-MB-231 cells were stably trans-
fected with sh-LINC01234 or control vector
and then subcutaneously injected into female
nude mice. The transfection efficiency was con-
firmed by gRT-PCR (Figure 1H). Consistent
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with the in vitro results, the tumor volume and
tumor weight were significantly reduced in sh-
LINCO1234 group compared with sh-control
group (Figure 11-K).

These data suggested that LINC01234 promot-
ed the progression of MDA-MB-231 cells in
vitro and in vivo.

We evaluated the effect of LINC0O1234 on cell
migration. Wound healing assay indicated that
knockdown of LINC01234 in MDA-MB-231
cells remarkedly decreased the cell migration.

Am J Transl Res 2021;13(10):11399-11412
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Overexpression of LINCO1234 significantly pro-
moted the migration of treated cells (Figure
2A). The same results were obtained using
wound assays. The number of migrated MDA-
MB-231 cells were dramatically suppressed by
LINCO1234 knockdown, but significantly
enhanced by upregulated of LINCO1234 (Figure
2B). These data indicated that LINC01234 con-
tributed to TNBC cells migration.

LINCO1234 functioned as a sponge for miR-
429 in MDA-MB-231 cells

To better understand the molecular mecha-
nism of LINCO1234, we examined its distribu-
tion by FISH. The result showed that LINCO1234
was more located in the cytoplasm (Figure 3A).
RIP experiment was performed. It indicated
that LINC01234 could directly bind to Ago2 (a
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Figure 3. LINCO1234 functioned as a sponge for miR-429 in MDA-MB-231 cells. A.
FISH analysis of the subcellular localization of LINCO1234 in MDA-MB-231 cells.
Scale bar: 50 um (400 x). B. The binding between LINC0O1234 and Ago2 detect-
ed by RIP. C. Co-location detection of LINCO1234 and miR-429 using Co-FISH.
Scale bar: 50 ym (400 x). D. The relative luciferase activities were detected in
293T cells co-transfected with miR-429 mimic or NC mimic and LINCO1234 WT or
LINC01234 MUT. E. The expression of miR-429 was significantly downregulated in

& MDA-MB-231 cells compared with MCF-10A. NC, negative control. WT, wild type.
& MUT, mutant type. **P<0.01, ***P<0.001.

component of the RNA induced silencing com-
plex) (Figure 3B). This finding suggested that
LINC01234 could be used as a ceRNA to play
its regulatory function.

To verify this hypothesis, we used the AnnoLnc
online database to predict the miRNAs that
may be regulated by LINCO1234. The results
showed that LINCO1234 might contain nine
miRNAs binding sites. To identify the specific
target miRNA of LINCO1234, we detected the
expression of these miRNAs by knockdown or
overexpression of LINCO1234. We found that
silencing of LINCO1234 could significantly
increase the level of miR-429. Overexpression
of LINC01234 could markedly decrease the
expression of miR-429 (Supplementary Figure
2A and 2B). Co-FISH analysis showed that
LINCO1234 and miR429 were co-located
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Figure 4. Effect of miR-429 on TNBC cells proliferation, apoptosis, and migration. (A) gRT-PCR analysis of miR-429
expression in MDA-MB-231 cells transfected with miR-429 mimic or miR-429 inhibitor. (B) The effect of miR-429
on cell proliferation was evaluated by CCK-8 assays. (C and D) EdU assays assessed proliferation of MDA-MB-231
cells transfected with miR-429 inhibitor or miR-429 mimic. Scale bar: 200 ym (100 x). (E) The influence of miR-
429 mimic on cell apoptosis was evaluated by flow cytometry. Cell migration was determined after infection with
miR-429 inhibitor or miR-429 mimic using wound-healing assay (F) and transwell assay (G and H) Scale bar: 50 ym
(200 x). (I) CCK-8 assays were performed to analysis cell proliferation when MDA-MB-231 cells co-transfected with
pcDNA-LINCO1234, miR-429 or empty control. (J) Transwell assays of MDA-MB-231 cells co-transfected with pcDNA-
LINC01234, miR-429 mimic, or empty control. Scale bar: 100 ym (100 x). NC, negative control. EdU, 5-Ethynyl-2’-

deoxyuridine. "P<0.05, "*P<0.01, "*P<0.001, "**P<0.0001.

(Figure 3C). Dual-luciferase reporter assay was
used to verify the association between miR-
429 and LINC01234. Results showed that miR-
429 mimic could significantly reduce the lucif-
erase activity of wild-type LINCO1234, but not
the mutant group (Figure 3D), suggesting that
miR-429 could bind directly to LINCO1234. The
expression of miR-429 was significantly down-
regulated in MDA-MB-231 cells (Figure 3E). We
chose miR-429 as a candidate gene for further
study.

Effect of miR-429 on TNBC cells proliferation,
apoptosis, and migration

In exploring the roles of miR-429 in TNBC cells,
we transfected miR-429 mimic and inhibitor
into MDA-MB-231 cells. The transfection effi-
ciency is shown in Figure 4A. CCK-8 and EdU
assays showed that silencing of miR-429 pro-
moted cell proliferation, and overexpression of
miR-429 inhibited cell proliferation (Figure
4B-D). Flow cytometry analysis revealed that
miR-429 mimics could induce cell apoptosis
(Figure 4E). We evaluated whether miR-429
affected MDA-MB-231 cells migration. Wound
healing and transwell assays indicated that
miR-429 inhibitor increased the migration
capabilities of MDA-MB-231 cells. miR-429
mimic produced the opposite effect (Figure
4F-H). To determine whether miR-429 was
involved in mediating the effects of LINCO-
1234 in MDA-MB-231 cells, we co-transfected
LINC01234 and miR-429. The results showed
that miR-429 mimic partially reversed the
cell proliferation and migration induced by
LINC01234 overexpression (Figure 41-J).

Effect of SYNJ1 on TNBC cells proliferation,
apoptosis, and migration

We used miRTarBase, miRDB, microRNA.org,
and TargetScan databases to predict the target
genes of miR-429. We preliminarily screened
15 candidate target genes. We selected SYNJ1
as the downstream target gene of miR-429,
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which confirmed qRT-PCR (Supplementary
Figure 3A and 3B). Western blot analysis indi-
cated that SYNJ1 protein levels was increased
in respond to miR-429 inhibitor (Supplementary
Figure 3C). To validate the direct interaction
between miR-429 and SYNJ1, we constructed
two luciferase reporter vectors containing the
wild-type or mutant SYNJ1 3’UTR. Results
showed that the luciferase activity was signifi-
cantly lower in 293T cells co-transfected with
SYNJI-WT. miR-429 mimic compared with
control groups (Figure 5A), suggesting that
miR-429 was able to bind with the 3'UTR of
SYNJ1 directly. As described above, LINCO1234
can sponge miR-429. We verified whether
LINCO1234 could regulate the expression of
SYNJ1 in TNBC cells. We found that the SYNJ1
MRNA level and protein level was markedly
decreased or increased by knockdown or over-
expression of LINCO1234 in MDA-MB-231 cells
(Figure 5B, 5C and Supplementary Figure 3D).
A decrease of SYNJ1 caused by si-LINC01234
was partly reversed by miR-429 inhibitor
(Figrue 5D). Collectively, LINCO1234 could reg-
ulate the level of SYNJ1 through modulating
miR-429.

To verify the role of SYNJ1 in TNBC, we first
detected the expression of SYNJ1 in MDA-
MB-231 cells. Results showed that the SYNJ1
was increased in MDA-MB-231 cells compared
with MCF-10A (Supplementary Figure 3E). Then,
MDA-MB-231 cells were transfected with SYNJ1
siRNA, the silencing efficiency was shown in
Figure 5E. Knockdown of SYNJ1 significantly
reduced the proliferation of MDA-MB-231cells
(Figure 5F) and increased cell apoptosis (Figure
5G). The ability of cell migration was dramati-
cally decreased after transfection with SYNJ1
siRNA (Figure 5H and 5I).

Discussion

Breast cancer is the most common malignant
tumor in women all over the world. With the in-

Am J Transl Res 2021;13(10):11399-11412
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Figure 5. Effects of SYNJ1 on TNBC cells proliferation, apoptosis, and migration. (A) The relative luciferase activities
were detected in 293T cells co-transfected with miR-429 mimic or NC mimic and SYNJ1 WT or SYNJ1 MUT. The ex-
pression level of SYNJ1 in MDA-MB-231 following knockdown (B) or overexpression (C) of LINCO1234. (D) qRT-PCR
analysis of SYNJ1 expression after co-transfection with si-LINCO1234 and miR-429 inhibitor. (E) qRT-PCR analysis
of SYNJ1 expression in MDA-MB-231 cells transfected with SYNJ1 siRNA. (F) The effect of SYNJ1 on cell prolifera-
tion was evaluated by CCK-8 assays. (G) The influence of SYNJ1 knockdown on cell apoptosis was evaluated by
flow cytometry. Cell migration was determined after infection with SYNJ1 siRNA using wound-healing assay (H) and
transwell assay (l) Scale bar: 100 ym (200 x). NC, negative control. EdU, 5-Ethynyl-2’-deoxyuridine. WT, wild type.
MUT, mutant type. "P<0.05, **P<0.01, ***P<0.001, **P<0.0001.

depth study of breast cancer, it has been found
that breast cancer is a type of heterogeneous
disease. There are significant differences in
clinicopathology and prognosis among differ-
ent molecular types [18]. TNBC often occurs in
young women. The incidence of breast cancer
patients is about 10%-20%. Compared with
other types of breast cancer, TNBC has the
characteristics of high histopathological grade,
high degree of invasiveness, short survival
time, and poor prognosis [19]. Some studies
have shown that the median survival time of
patients with invasive TNBC was only 13
months. Systemic therapy based on chemo-
therapy was not effective for such patients
[20]. The key to improve the prognosis of TNBC
is to clarify the mechanism of occurrence and
development of TNBC at the molecular level
and to identify effective biological treatment
targets.

The discovery of long noncoding RNA has
changed our understanding of transcriptional
and post-transcriptional regulation. With the
development of high-throughput sequencing
and other new technologies, LncRNAs have
become the focus of cancer research. It can
regulate gene expression and cell biological
function through a variety of mechanisms [21].
At present, dozens of LncRNAs, related to
breast cancer, such as HOTAIR [10, 22], GAS5
[23], MALAT [24], and H19 [25] have been
identified. They can affect the occurrence and
development of breast cancer by regulating epi-
genetic modification and key cellular signal
transduction.

In this article, we focused on LINCO1234. Guo
et al. revealed that LINCO1234 combined with
the other two LncRNAs can be used as prog-
nostic markers of breast cancer [17]. The role
of LINCO1234 in NSCLC [14], colon cancer [16],
gastric cancer [15], and liver cancer [26] has
been reported. The molecular mechanism of
LINC01234 in TNBC has not been reported. We
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found that compared with MCF-10A, LINCO-
1234 was highly expressed in MDA-MB-231,
MCF-7, TA7D, and SK-BR-3 cells, especially
in TNBC cell line. MDA-MB-231, which predict-
ed that LINCO1234 might contribute to the
development of TNBC. We carried out loss- and
gain-of-function assays to explore whether
LINCO1234 can influence the process of MDA-
MB-231 cells. In vitro and in vivo experiments
showed that knockdown of LINC01234 signifi-
cantly inhibited cell proliferation and migration,
and induced cell apoptosis. Overexpression of
LINC01234 significantly promoted the cell pro-
liferation and migration, and suppressed cell
apoptosis, suggesting that LINC01234 may
play an important oncogenic role in TNBC
tumorigenesis.

The regulation of LncRNA on miRNA is an impor-
tant part of its function. Studies have shown
that LncRNA can regulate gene expression by
competitively binding with miRNA. For example,
INcRNAZFAS1 can be used as miR-150 sponge
to regulate the expression of ZEB1, MMP14,
and MMP16, thus promoting the metastasis
of hepatocellular carcinoma [27]. To identify
the underlying molecular mechanism of LINC-
01234, we used bioinformatics, analyses, and
luciferase reporter assays and found that
LINCO1234 could directly sponge miR-429.
MiR-429 is a member of the miR-200 family.
Researches have shown that miR-429 disor-
ders are related to the occurrence, develop-
ment, invasion, and metastasis of many kinds
of cancers [28-30]. In different tumor types,
miR-429 can play a role as tumor suppressor
gene or tumor promoting gene respectively
[31]. We found that miR-429 was significantly
downregulated in MDA-MB-231 cells. Overex-
pression of miR-429 significantly impaired cell
proliferation and migration, and induced cell
apoptosis, which was consistent with previous
reports [32, 33]. We found that the cell prolif-
eration and migration induced by LINC01234
overexpression could be reversed by miR-429
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mimic. These data indicated that LINCO1234
exerted oncogenic effects through regulating
miR-429.

In general, miRNA mediates the binding of the
silencing complex RISC to the 3'UTR of the tar-
get gene, leading to degradation or translation
inhibition of the target gene. We identified a
new target gene of miR-429, SYNJ1, through
online predicting database and luciferase
reporter assays. These reports of SYNJ1 are
extremely rare. In 2014, SYNJ1 mutation was
found in Parkinson’s disease [34]. Then, in
2015, it was reported that SYNJ1 was a
5’phosphatase, which can regulate vesicle
recirculation and availability of nerve endings,
and found that SYNJ1 was a homologue of
SYNJ2, an effector of Rho family GTP enzyme
Racl. Studies showed that SYNJ2 was highly
overexpressed in many invasive breast cancer
patients’ tumors. Knockout of SYNJ2 can inhib-
it the growth and lung metastasis of breast
tumors in mice, indicating that SYNJ2 was a
drug target to block the migration of cancer
cells [35]. The role of SYNJ1 in TNBC has not
been reported yet. In the present study, we
found that SYNJ1 was upregulated in MDA-
MB-231 cells, and we first revealed that knock-
down of SYNJ1 can inhibit MDA-MB-231 cell
proliferation, migration, and promote cell apop-
tosis. At the same time, knockdown, or overex-
pression of LINCO1234 can decrease or
increase the expression of SYNJ1, suggesting
that LINCO1234 could regulate SYNJ1 function
through inhibiting miR-429.

There are several limitations in this study. First,
we need to collect clinical samples, especially
the samples of patients with TNBC, to clarify
the correlation between LINC01234 and clini-
copathological indexes and prognosis of TNBC
patients. Secondly, we only carried out the in
vivo experiment of LINCO1234. The roles of
miR-429 and SYNJ1 in vivo were also needed to
confirm. The precise molecular mechanism of
LINCO1234 on SYNJ1 was required to investi-
gated. Third, the function of LINCO1234 in
other types of breast cancer remained to be
studied.

In summary, we studied the mechanism of
LINCO1234 on TNBC for the first time and
revealed that LINCO1234 can be used as
ceRNA to regulate the expression of SYNJ1 by
sponging miR-429. Based on our data,
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LINC01234/miR-429/SYNJ1 may be used as a
novel therapeutic target for patients with TNBC.
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Supplementary Table 1. gPCR primers and siRNA/miRNA sequence

gPCR primers for Rew

GAPDH GGTGGTCTCCTCTGACTTCAACA GTTGCTGT AGCCAAA TTCGTTGT
LINC01234 GAATCAACTCTGCCAACAC GCCTCATCTACATCTACTCTT
PACRGL TTGCTACCTAGACTGATTCC GACCAACAACGACACTTAG
C6orf25 CTGCGGAGGAGTCTCTCATC AGAGTCCAGGGAGCGTAGG
CBFB GCTCGGAAATCGCTTTTGTGG CGGCTAGGTGTTTGTCGCT
CLIC1 CACCAACAAGATTGAGGAAT CCTTCTCCAGATTGTCATTG
DCUN1D5 GCCTTGATATTGATACTGCTAA CACCATCTTCATCATAGTTACTAA
PROM1 AATAAGCATTGGCATCTTCTAT TTGTCCTTGGTAGTGTTGTA
SYNJ1 TTGATATGGAAGGTGATGTTG TGAAGATGGCTGGAGATG
E2F3 AGTTGTGAAAGCCCCTCCAG AGCCAAGTCTTTGGAAGCGG
NOG TGGTGGACCTCATCGAACAC ATGAAGCCTGGGTCGTAGTG
ROCK1 TTCGGATTGTTTGCTGGATGG TGCACCTCTACCAATCACCTTC
SMAD2 ACAAGAAGGCATATAGGAAGA ACTATCACTTAGGCACTCAG
TBL1XR1 TTATTTTGGGGGTGGTTGGAGG CAGGATATAACCCATTGGCAGT
UBE2D1 CACTATTATGGGGCCTCCTG AGTCAGAGCTGGTGACCATT
YWHAB GAGAAGATAGAGGCAGAACT CTGGTTGTGTAGCATTGG
hsa-U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
hsa-miR-429 CCGCGCTAATACTGTCTGG GTGCACGCTCCGAGGT
hsa-miR-3619 CCGCGCTCAGCAGG GTGCACGCTCCGAGGT
hsa-miR-29a CCGCGCTAGCACCATCT GTGCACGCTCCGAGGT
hsa-miR-124 TCGCGCT AAGGCACG GTGCACGCTCCGAGGT
hsa-miR-125b TCGCGCTCCCTGAGAC GTGCACGCTCCGAGGT
hsa-miR-143-3p TCGCGCTGAGA TGAAGC GTGCACGCTCCGAGGT
hsa-miR-196a TCGCGCT AGGT AGTTTCA TGT GTGCACGCTCCGAGGT
hsa-miR-204-5p TCGCGCTTCCCTTTGT GTGCACGCTCCGAGGT
hsa-miR-218 TCGCGCTTGTGCTTGAT GTGCACGCTCCGAGGT
siRNA/miRNA sequence

si-LINC01234 GGATTTGGATGTATGGGTT

si-SYNJ1 GTCGGAACCTGGAATGTGA

sense: UAAUACUGUCUGGUAAAACCGU

antisense: ACGGUUUUACCAGACAGUAUUA

has-miR-429 inhibitor ACGGUUUUACCAGACAGUAUUA

sh-LINC01234 GGATCCGGATTTGGATGTATGGGTTCTTCCTGTCAGAAACCCATACATCCAAATCCTTTTTGAATTC

hsa-miR-429 mimic
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Supplementary Figure 1. LINCO1234 is upregulated in TNBC. LINCO1234 expression in different breast cancer
cells. TNBC, Triple-Negative Breast Cancer. The data were representative of 3 independent experiments with the
mean * standard deviation. "P<0.05, “*P<0.01, *"P<0.001.
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Supplementary Figure 2. qRT-PCR analysis of miRNAs expression in MDA-MB-231 cells transfected with si-
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Supplementary Figure 3. A. qRT-PCR analysis of mMRNA expression in MDA-MB-231 cells transfected with miR-429
mimic. B. qRT-PCR analysis of SYNJ1 expression in MDA-MB-231 cells transfected with miR-429 inhibitor. C. Western
blot analysis of SYNJ1 expression in MDA-MB-231 cells transfected with miR-429 inhibitor. D. Western blot analysis
of SYNJ1 expression in MDA-MB-231 cells transfected with si-LINCO1234. E. The expression of SYNJ1 was signifi-
cantly upregulated in MDA-MB-231 cells compared with MCF-10A. *P<0.05, *"P<0.01, **P<0.001, "**P<0.0001.



