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Article Info Abstract

® Triple-negative breast cancer (TNBC) is characterised by an absence of the oestrogen receptor (ER), pro-
gesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2), for which there are few

therapeutic options and the prognosis is poor. This research sought to explore the particular function of the
long non-coding RNA (IncRNA) LINC01232 in TNBC and its regulatory impacts on the miR-516a-5p/BCL9
pathway. In this study, quantitative reverse transcription polymerase chain reaction (QRT-PCR) was used to
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LINCO01232 expression was abnormally high in TNBC tissues in comparison to normal tissues. Inhibition of
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LINCO01232 expression markedly impeded breast cancer cell proliferation, clone formation, migration and
invasion. We found that LINC01232 competes with miR-516a-5p for binding, thereby reducing its expression
and subsequently increasing BCL9 expression. In conclusion, our results indicate that LINC01232 facilitates
the malignant development of TNBC through the miR-516a-5p/BCL9 pathway, providing fresh perspectives
on the pathogenesis of TNBC and pinpointing potential therapeutic targets.
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1. Introduction ding chromatin remodeling, regulation of transcription,
Triple-negative breast cancer (TNBC) is identified by RNA splicing, and transport[6-9]. Moreover, IncRNAs
the lack of expression of estrogen receptor (ER), proges- can function as competing endogenous RNAs (ceRNAs).
terone receptor (PR), and human epidermal growth factor They can interact with microRNAs (miRNAs), blocking
receptor 2 (HER2)[1]. TNBC represents 10.0%-20.8% of them from interacting with their target messenger RNAs
all breast cancer patients. It stands out due to its distinct (mRNAs) and thus altering miRNA-mediated gene ex-
biological characteristics, clinicalopathological traits, and  pression. Additionally, IncRNAs can act as platforms for
less favorable outcomes as compared to other subtypes of RNA-protein complexes. These complexes can recruit
breast cancer[2]. The 5-year survival rate for patients with  chromatin-modifying enzymes and transcription factors to
early TNBC is 77%. In contrast, this rate plummets to 14%  modulate the activity of target genes[10].
for those in the advanced stage[3]. Traditional treatment The IncRNA LINCO01232 displays tumor-specific
modalities for TNBC include surgery, radiotherapy, and expression profiles and is involved in regulating various
chemotherapy. However, in advanced cases, these treat- cancer-promoting processes. Li et al.[11] discovered that
ments face more significant difficulties, which call for a LINCO01232 was markedly elevated in pancreatic adeno-
combined-therapy approach[4]. Discovering molecular carcinoma (PAAD) tissues and was correlated with an
targets for diagnostic and prognostic purposes is of utmost  unfavorable prognosis. LINC01232 was found to recruit
importance in improving patient survival rates. EIF4A3, which helped stabilize TM9SF2 mRNA, thus
Long non-coding RNAs (IncRNAs) are defined as influencing the cancer-promoting characteristics of pan-
transcripts over 200 nucleotides in length and make up creatic cancer. Chen et al.[12] observed that LINC01232
a substantial part of the human transcriptome[5]. Unlike was highly expressed in gastric cancer and was located
messenger RNAs, IncRNAs are not directly engaged inthe  mainly in the cytoplasm. When LINC01232 was inhibited,
process of protein synthesis. Instead, they have regulatory  the migration, invasion, and epithelial-mesenchymal tran-
functions in a wide range of biological processes, inclu- sition (EMT) abilities of gastric cancer cells were notably
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reduced. miR-506-5p was lowly expressed in gastric can-
cer and served as miR-506-5p sponge to accelerate cell
migration and EMT. As a result, the LINC01232/miR-
506-5p/PAK1 pathway facilitates the metastasis of gastric
cancer cells. However, there is limited research on the role
of LINCO01232 in TNBC. Consequently, the objective of
this research is to explore the function of LINC01232 in
TNBC and to investigate its regulatory interaction with the
miR-516a-5p/BCLY pathway. This research aims to offer
new perspectives on the development of TNBC and may
aid in the creation of more effective therapeutic approaches
for TNBC patients.

2. Materials and methods
2.1. General information and reagents

The human breast cancer cell lines, namely HS-578T,
HCC1937, and MDA-MB-231, along with the normal
breast epithelial cell line MCF-10A, were acquired from
the Biological Specimen Bank of the Fourth Hospital of
Hebei Medical University. The reagents employed in this
research comprised the reverse transcription kit (Cat. No.
4897030001) from Roche, the Lipofectamine 2000 Trans-
fection Reagent (Cat. No. 11668-019) from Invitrogen
(located in the USA), and the RIPA lysis buffer (Cat. No.
R0010) from Solarbio (based in Beijing, China). To eva-
luate cell proliferation and gene expression, we made use
of the MTS assay kit (Cat. No. G3582) and the Dual-Lu-
ciferase Reporter Assay kit (Cat. No. E1910) from Prome-
ga, as well as the qRT-PCR kit (Cat. No. 11201ES03)
from Yeasen Biologicals. For miRNA extraction, cDNA
synthesis, and fluorescence quantification, we utilized
the miRcute miRNA Extraction and Isolation Kit (Cat.
No. DP501), the miRcute Enhanced miRNA ¢DNA First
Strand Synthesis Kit (Cat. No. KR211), and the miRcute
Enhanced miRNA Fluorescence Quantitative Detection
Kit (Cat. No. FP411) from Tiangen. The knockdown of
LINCO01232 and BCL9 was carried out using plasmids
(sh-LINCO01232 and sh-BCL9) and miR-516a-5p mimics
and inhibitors, all of which were obtained from Suzhou
GenePharma. Antibodies targeting human BCL9 (Cat. No.
ab37304) and GAPDH (Cat. No. ab9485) were procured
from Abcam (located in the UK). Primers, including the
miR-516a-5p-specific primer (Tiangen MIMAT0002859),
were synthesized by Tiangen Biological Co.

The criteria for inclusion were: (1) female with non-
specific invasive breast cancer; (2) Negative ER and PR;
(3) Negative HER2, which was defined as an immunohis-
tochemistry (IHC) score of 0/1+. For 2+, negative fluores-
cence in situ hybridization (FISH) results were required;
(4) Comprehensive clinical records, including demogra-
phic information, tumor-node-metastasis (TNM) staging,
treatment plans, and survival data. The exclusion criteria
consisted of: (1) History of systemic treatment for breast
cancer, for instance, chemotherapy or endocrine therapy;
(2) Cases of bilateral breast cancer.

The collected samples were split into two portions. One
portion was promptly immersed in liquid nitrogen and
then preserved at-80°C for the purpose of RNA extraction
and subsequent analysis. The other portion was processed
for immunohistochemical assessments.

This research was carried out with the rigorous autho-
rization of the Ethics Committee of Bethune Internatio-
nal Peace Hospital (authorization number: 2022-KY-77).
All participants provided informed consent, thereby gua-

ranteeing that ethical guidelines were adhered to and the
rights of patients were safeguarded.

2.2. Culture and transfection of breast cancer cells

Retrieve the cryopreserved breast cancer cells from the
liquid nitrogen reservoir and thaw them rapidly in a 37°C
water bath while gently agitating. Introduce the thawed
cells into a pre-warmed culture medium (DMEM sup-
plemented with 10% FBS). Gently blend the mixture and
then transfer it to culture flasks for cultivation. The incu-
bator conditions were kept at 37°C, with 5% COz and 95%
relative humidity. When the cells reached around 80%
confluence, they were sub-cultured. The cells were then
plated into culture plates to guarantee that they were in
the logarithmic growth phase. The plasmids intended for
transfection were purified to be endotoxin-free using the
Plasmid Extraction Kit. The plasmid and the transfection
reagent were combined in accordance with the Lipofec-
tamine 2000 protocol to create the plasmid-transfection
reagent complex. Subsequently, add this complex to the
cell culture plate and gently agitate to facilitate complete
contact between the complex and the cells. Place the plate
in the incubator for further culturing. Within 48 hours af-
ter transfection, monitor the cellular alterations, document
cell growth, and isolate RNA for qRT-PCR to evaluate the
transfection efficiency.

2.3. qRT-PCR experimentation

Total RNA was separated from tissue and cell samples
utilizing the Trizol methodology. Place the sample tissues
or cells into EP tubes and introduce 1 ml Trizol reagent
to homogenize and lyse the cells over a 5-minute period.
Centrifuge at 12,000 rpm for 15 min at 4°C to precipi-
tate cell debris and proteins. Carefully remove the RNA-
containing supernatant to a new EP tube. Introduce 500
ul isopropanol, mix well and incubate at 4°C for 10 min.
Centrifuge the mixture to precipitate the RNA, then dis-
card the supernatant and clean the RNA pellet with 75%
ethanol. Dry the pellet at 4°C and dissolve it in DEPC-
treated water. Assess the concentration and purity of the
RNA, document the data, and keep the RNA at -80°C.

Following the directions of the Roche Reverse Trans-
cription Kit, add RNA samples, reverse transcription buf-
fer, enzymes, and primers to PCR reaction tubes. Deter-
mination of LINC01232 and BCL9 expression levels by
gRT-PCR. The specific primer sequences are presented in
Table 1. The qRT-PCR program consisted of: an initial step

Table 1. qRT-PCR primers.

Primer name  Primer sequence

F:5’-TGGAACCGGACTTTCAGAGC-3’

LINCOT232 R:5’-GCTTCTCCGGGTTTTTGCTG-3’

GAPDH F:5’-AGGTGAAGGTCGGAGTCAACG-3’
R:5’-AGGGGTCATTGATGGCAACA-3’
F:5’-CTCGCTTCGGCAGCACA-3’

U6 R:5’-AACGCTTCACGAATTTGCGT-3’

miR-516a-5p  5’-AUCUGGAGGUAAGAAGCACUUU-3’

miR-U6 F:5°-CTCGCTTCGGCAGCACA-3’
F:5°-GCCACCACTACCTCTCAACC-3’

BCL9

R:5’-CCAGCATTGGTGACTGGACT-3’

F: forward primer; R: reverse primer.
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at 95°C for 30 s (pre-denaturation), followed by 40 cycles
of 95°C for 15 s (denaturation), 60°C for 30 s (annealing),
and 72°C for 30 s (extension). The results were compu-
ted using the relative quantification method (2-AACT),
with GAPDH or U6 serving as endogenous controls.
Total RNA was extracted from cell lines, TNBC tissues,
and adjacent non-cancerous tissues using the miRcute
miRNA Extraction and Isolation Kit (DP501). The synthe-
sis of cDNA was carried out using the miRcute Enhanced
miRNA cDNA First-Strand Synthesis Kit (KR211). The
quantification of miR-516a-5p was achieved with the
miRcute Enhanced miRNA Fluorescence Quantification
Kit (SYBR Green, FP411). Upstream primers were desig-
ned (sequences provided in Table 1), and reverse primers,
along with the U6 internal reference primer, were supplied
by the kit. The qPCR conditions were as follows: 94°C
for 15 min (pre-denaturation), followed by 40 cycles of
94°C for 20 s (denaturation) and 60°C for 34 s (annealing/
extension).

2.4. Immunohistochemical analysis

Breast tissue samples were stored in 4% parafor-
maldehyde, subjected to dehydration, and then embedded
in paraffin. The fixed tissue specimens were sliced into
sections with a thickness of 4-6 um, underwent dewaxing,
and were treated with ethanol to remove endogenous
peroxidase activity. The primary antibody was incubated
at 4°C for an overnight period. The secondary antibody,
which was linked to a chromogen, was incubated at room
temperature for 60 min. DAB was employed for color
development, and subsequently, hematoxylin was used
for counterstaining. The stained tissues were dehydrated,
cleared, and a coverslip was applied using mounting gum.
The staining outcomes were qualitatively assessed under a
microscope, taking into account the location and intensity
of antigen expression.

2.5. Subcellular fractionation and localization studies
RNA was isolated from the nuclear and cytoplasmic
compartments of cells using a nuclear/cytoplasmic frac-
tionation kit obtained from Biovision. Breast cancer cells
were plated into culture plates and permitted to attain the
logarithmic growth phase. The cells were then trypsinized
and resuspended in the buffer supplied with the kit. The
fractionation columns were utilized to separate the cells
into nuclear and cytoplasmic components, with each com-
ponent being collected in distinct EP tubes. RNA was de-
rived from these components and then reverse-transcribed
to cDNA. The quantification of LINC01232 in the cyto-
plasmic and nuclear components was carried out using
qRT-PCR, with GAPDH and U6 serving as the respective
controls for the nuclear and cytoplasmic components.

2.6. Cell proliferation assays

MTS Assay: 96-well plate with 1000 breast cancer
cells and 100 pl of medium per well. At 0, 24, 48, 72, and
96 hours after plating, add 20 pl of MTS solution to each
well and culture for 2 h. The cells metabolized MTS into
formazan crystals, and the amount of these crystals was
directly proportional to the cell count. The absorbance at
490 nm was determined for each well with a spectropho-
tometric plate reader. This experiment was performed in
triplicate, and the cell proliferation activity was evaluated
based on the average absorbance values of each group.

Clone Formation Assay: 6-well plates contain 3000
transfected cells and 2 ml of medium per well. Cell growth
was observed on a daily basis during the incubation pe-
riod. Once visible clones were formed, the culture process
was stopped. Cells were rinsed with PBS, stabilised with
methanol for 20 min, and then blotted with 1% crystal vio-
let for 20 min. Afterward, the cells were washed with PBS
again, air-dried, and clones comprising more than 50 cells
were counted under a microscope. This experiment was
also carried out in triplicate, and the average number of
clones per group was determined.

2.7. Transwell migration and invasion evaluations

For the invasion evaluation, BD Matrigel was diluted at
a 1:8 ratio and evenly coated onto the upper chamber sur-
face of the Transwell membrane. Then the gel was incuba-
ted at 37°C for 30 min to polymerise into a gel-like matrix.
The digested and transfected cells were resuspended with
serum-free medium, and 100 pl of 1x10° cells was incor-
porated into the Transwell chambers. In the lower cham-
ber of the Transwell, 700 pl of complete medium enriched
with serum was added. The serum acted as a chemoattrac-
tant, prompting cell migration from the serum-free envi-
ronment of the Transwell to the serum-rich one. After 24h,
the Transwell inserts were taken out, and the upper cham-
ber was gently cleaned with a cotton swab to remove non-
migrated cells. The chamber was then rinsed with PBS and
fixed in methanol for 15 min. After that, the cells were
coloured with 0.1% crystal violet for 15 min. The number
of cells that had moved across the membrane was counted
in five random fields under an inverted microscope, and
the average was calculated. Note: The Matrigel matrix gel
is not utilized in the migration evaluation; all other steps
are the same as those in the invasion evaluation.

2.8. Bioinformatics approaches

Within the GEO database, we conducted a search and
downloaded TNBC microarray data, specifically acquiring
the GSE38959 gene chip dataset. The screening parame-
ters were established to pinpoint genes with a fold change
exceeding 2 and a P-value below 0.05. Based on these cri-
teria, we characterized the differentially expressed IncR-
NAs between TNBC and normal tissues.

Prediction of LINCO01232 Interaction with miR-516a-
5p: Using Starbase v2.0 (http://starbase.sysu.edu.cn/), we
logged into the platform, chose the "RNA-RNA Interac-
tion" option, entered the sequence details of LINC01232
and miR-516a-5p, and started a search to find their binding
sites and related information.

miR-516a-5p Target Gene Prediction: By utili-
zing TargetScan 7.2 (http://www.targetscan.org/) and
miRWALK 3.0 (http://zmf.umm.uni-heidelberg.de/apps/
zmf/mirwalk2), we visited the respective websites of Tar-
getScan 7.2 or miRWALK 3.0, input the sequence data of
miR-516a-5p, examined the list of predicted target genes,
and recorded the findings pertaining to BCL9.

2.9. Dual-Luciferase reporter evaluation

A reporter gene vector was planned, created, and in-
troduced into breast cancer cells. After a 48-hour trans-
fection duration, the cells were gathered and lysed. In
accordance with the Dual-Luciferase Reporter Assay pro-
tocol provided by Promega, the lysate was centrifuged,
and the supernatant was moved to the assay plate along
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with the necessary reagents to quantify luciferase activity.
Then, Stop&Glo Reagent was introduced to determine the
control luciferase activity. The relative luciferase activity
was computed based on the collected data.

2.10. RNA Immunoprecipitation (RIP) evaluation

Cells are harvested and lysed utilizing RIP lysis buffer,
which leads to the release of cellular proteins and RNA.
The lysate is then incubated with either a GFP antibody
(sourced from Roche) or IgG to bind to the target proteins.
Magnetic beads are employed to precipitate the protein-
antibody complexes. The precipitated complexes are sub-
sequently washed to eliminate any unbound substances.
Following this, RNA is extracted from the proteins via
nuclease treatment. The quantity of the isolated RNA is
determined by assessing its abundance using qRT-PCR.

2.11. Western Blot (WB) analysis

Cells were lysed in RIPA buffer for a duration of 30 min
and then centrifuged at 12,000 rpm for 20 min to obtain
the supernatant. The protein concentrations were calcula-
ted using the BCA protein assay. An equal quantity (20 pg)
of each sample was packed into a 10% SDS-PAGE gel and
underwent electrophoresis. Proteins were then attached to
the PVDF membrane for 2 hours at a steady current of 200
mA. Following the transfer, block the PVDF membrane
with 5% bovine serum albumin for 60 minutes at room
temperature. Anti-BCL9 and GAPDH antibodies were
added and incubated overnight at 4°C. After being washed
with TBST buffer, the secondary antibody was incubated
for 1 hour at room temperature. The PVDF membrane
was visualized using a gel documentation system, and the
grayscale values of the protein bands were assessed using
Image J software. The Western blotting for BCL9 protein
expression was carried out in triplicate to guarantee repro-
ducibility.

2.12. Statistical analysis

The SPSS (USA) was employed for descriptive statisti-
cal analysis. This involved calculating the mean and stan-
dard deviation to gain insights into the fundamental cha-
racteristics and distribution of the data. Measurement data
were presented as Mean £+ SD. A t-test was conducted to
identify significant differences between the means of the
two groups. One-way ANOVA was utilized to assess signi-
ficant differences among multiple groups, with the LSD
method employed for post-hoc pairwise comparisons. Re-
peated-measures ANOVA was applied to the results of the
MTS experiment. The statistical data from BCL9 immu-
nohistochemistry, which were categorical in nature, were
analyzed using the chi-square test for four-cell contingency
tables. Spearman's rank correlation was used to examine
the correlation between LINCO01232, miR-516a-5p, and
BCL9. GraphPad Prism 6.0 software was used to process
the experimental data. The results were exported as figures
or tables and were cited and interpreted in the thesis. P<
0.05 was regarded as statistically significant.

3. Results

3.1. Upregulation of LINC01232 in TNBC and its cor-

relation with clinicopathological characteristics
Microarray data related to TNBC were obtained from

the GEO database, and the GSE38959 dataset was cho-

sen for analysis. We pinpointed genes that were notably

up-or down-regulated in TNBC tissues by applying the
standard of log|FC| > 2 and P<0.05. LINC01232 expres-
sion was notably upregulated by 2.593-fold in TNBC, as
demonstrated by volcano and heatmap analyses (Fig. 1).
An analysis using the GEPIA database, which is founded
on TCGA and GTEXx data, verified the significant upregu-
lation of LINCO01232 in TNBC tissues. qRT-PCR analysis
revealed that the expression of LINC01232 in TNBC tis-
sues was obviously higher than that in the neighbouring
normal tissues (0.797+0.449 vs 2.524+1.099, t=11.273,
P<0.001). Moreover, LINC01232 expression levels were
significantly linked to lymph node metastasis and TNM
staging (2.189+1.041 vs 3.012+1.164, t=2.741, P=0.008;
2.018£1.006 vs 2.866+1.170, t=2.222, P=0.030).
LINCO01232 expression differed noticeably between nor-
mal breast cells and breast cancer cells, with expression
levels of 1.003%0.121, 1.120+0.085, 1.343+0.140, and
2.056+0.029. LINCO01232 expression was remarkably in-
creased in breast cancer cells (F=59.585, P<0.001). Further
pairwise comparisons confirmed that LINC01232 expres-
sion was remarkably higher in the HS-578T, HCC1937,
and MDA-MB-231 cell lines compared to normal cells
(P=0.047, P=0.004, P<0.001). These results suggest that
LINCO01232 may play an oncogenic role in TNBC, and its
high expression may be correlated with disease progres-
sion and malignancy.

The Critical Role of LINC01232 in the Malignant Pro-
gression of Breast Cancer Cells

To thoroughly evaluate the biological function of
LINCO01232 in breast cancer cells, a knockdown expe-
riment was performed in the HS-578T cell line. The ex-
pression of LINCO01232 in the control and knockdown
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Fig. 1. High expression of LINC01232 in breast cancer. Figures
a and b show the differentially expressed genes predicted in breast
cancer from the GEO database, respectively; Figures ¢ and d display
the expression of LINC01232 in breast cancer tissues from the GEPIA
database, respectively; Figure e presents the detection of 60 pairs of
breast cancer specimens and normal samples using qRT-PCR techno-
logy; Figure f shows the expression of LINC01232 in different sub-
groups; Figure g shows the expression levels of LINC01232 in breast
cancer cell lines detected by qRT-PCR.
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groups was 0.974+0.064, 0.412+0.044, 0.213+0.031, and
0.344+0.034, respectively. The knockdown group showed
discernable lower LINCO01232 expression (F=167.157,
P<0.001). Subsequent pairwise comparisons indicated
that sh-LINCO01232-1 to sh-LINC01232-4 all had reduced
expression compared to the control (P<0.001 for all).
Among them, sh-LINC01232-2 demonstrated the highest
knockdown efficiency and was chosen for further experi-
ments. The MTS assay was initially employed to assess the
impact of LINC01232 knockdown on breast cancer cell
proliferation. It showed a significant effect (F=884.428,
P<0.001) and an interaction between subgroups and time
points (F=54.276, P<0.001). Cell proliferation in the
LINCO01232 knockdown group was remarkably reduced at
72 and 96 hours compared to the control group (1.246+0.030
vs 1.012+0.043, t=8.933, P<0.001; 1.888+0.063 vs
1.253+0.138, t=8.378, P<0.001). Clone formation assays
confirmed that the LINC01232 knockdown group had a
noticeably lower number of clones than the control group
(850.000+20.075 vs 344.333+14.572, t=35.308, P<0.001,
Fig. 2a, b), thus establishing LINC01232's role in promo-
ting breast cancer cell proliferation. A Transwell assay re-
vealed that LINCO01232 knockdown significantly reduced
the number of migrating and invading cells compared to
the control group (539.000+11.136 vs 242.333+6.110,
t=40.455, P<0.001; 640.667+9.292 vs 217.000+£12.127,
t=48.039, P<0.001, Fig. 2¢, d, e, ), emphasizing the es-
sential role of LINC01232 in the biological behaviour of
breast cancer cells.

3.2. LINC01232 modulates miR-516a-5p expression

Nuclear-cytoplasmic separation experiments showed
that LINC01232 was primarily situated in the cytoplasm,
implying a regulatory function as ceRNA. By using the
bioinformaticstool StarBase v2.0, we predicted abase-com-
plementary binding site (GAGCU) between LINC01232
and miR-516a-5p. Luciferase assays in breast cancer cells
with miR-516a-5p mimics showed a significant reduction
in luciferase activity in the pmirGLO-LINC01232-WT
group (1.140+0.070 vs 0.347+0.060, t=14.875, P<0.001),
while the mutant group was unchanged. RIP assays revea-
led a significant increase in miR-516a-5p enrichment after
LINCO01232 overexpression (0.948+0.185 vs 5.953+1.453,
t =-5.915, P=0.004). gqRT-PCR of miR-516a-5p expres-
sion in breast cancer tissues showed significantly lower
expression compared to normal tissues (0.941+0.553 vs
0.615+0.302, t=3.999, P<0.001). Furthermore, miR-516a-
Sp expression levels were significantly different in relation
to lymph node metastasis and TNM staging (0.543+0.287
vs 0.740+0.293, t =-2.540, P=0.014; 0.545+0.269 vs
0.927+0.244, t =-4.322, P<0.001). A remarkable negative
relationship was observed between the expression level
of miR-516a-5p and LINC01232 (R =-0.293, P=0.023),
indicating that LINC01232 binds to miR-516a-5p and sup-
presses its function.

3.3. Tumor-suppressive effects of miR-516a-5p in
TNBC

To evaluate the functional role of miR-516a-5p in
breast cancer cells, overexpression and knockdown ex-
periments were conducted using the MDA-MB-231 cell
line. qRT-PCR showed different expression levels of miR-
516a-5p in the control, mimic, and inhibitor groups, with
values of 0.951+0.233, 2.335+0.207, and 0.356+0.061,

respectively. Transfection of miR-516a-5p mimics and
inhibitors in MDA-MB-231 cells resulted in significant
changes in their expression (F=92.271, P<0.001). The
paired comparisons established that marked differences
from the control group for both the mimic (P<0.001)
and inhibitor groups (P=0.007). MTS assay results de-
monstrated a significant impact on cell proliferation
(F=8241.357, P<0.001) and an interaction between sub-
groups and time points (F=227.229, P<0.001). Specifi-
cally, the miR-516a-5p mimic groups showed a marked-
ly decrease in proliferation at 72 and 96 hours compa-
red to the control group (1.439+0.039 vs 1.232+0.026,
t=8.909, P<0.001; 2.26140.078 vs 1.815%0.059, t=9.456,
P<0.001), while the inhibitor group showed increased
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Fig. 2. The effects of LINC01232 on the proliferation, migration,
and invasion abilities of breast cancer cells. Figure a shows the
detection of LINC01232 expression in breast cancer cells transfected
with sh-LINCO01232 using qRT-PCR technology; Figure b presents
the proliferation ability of breast cancer cells with sh-LINC01232 as
shown by the MTS assay; Figure c displays the number of clones
formed by breast cancer cells transfected with sh-LINC01232 in the
clone formation assay; Figure d shows the migration ability of breast
cancer cells transfected with sh-LINC01232 in the Transwell assay;
Figure e presents the invasion ability of breast cancer cells transfected
with sh-LINC01232 detected by the Transwell assay.
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Fig. 3. The interaction between LINC01232 and miR-516a-5p in
breast cancer. Figure a shows the nuclear-cytoplasmic localization of
LINCO01232 in the breast cancer cell line HS-578T. Figure b presents
the binding sites between the LINC01232 sequence and miR-516a-
5p analyzed by bioinformatics. Figure ¢ displays the binding activity
between LINC01232 and miR-516a-5p shown by the dual-luciferase
reporter assay. Figure d presents the binding relationship between
LINCO01232 and miR-516a-5p detected by the RIP assay. Figure
e shows the expression of miR-516a-5p in breast cancer tissues as
revealed by qRT-PCR. Figure f presents the expression levels of miR-
516a-5p among different subgroups. Figure g shows the association
between the expression levels of miR-516a-5p and LINC01232 in
TNBC samples through correlation analysis.
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proliferation (1.439+0.039 vs 1.792+0.010, t =-17.688,
P<0.001; 2.261+0.078 vs 2.925+0.053, t =-14.087,
P<0.001). Clone formation assays further supported

these findings. The miR-516a-5p mimic group showed
a dramatic reduction in clone numbers (435.000+£21.166
vs 851.333+13.577), and the inhibitor group showed
an increase (1181.667+£30.436 vs 851.333+£13.577)
(F=808.349, P<0.001). Pairwise comparisons confirmed
dramatic differences from the control group for both the
mimic (P<0.001) and inhibitor groups (P<0.001) (Fig.
3a, b, c¢). Transwell assays indicated that the miR-516a-5p
mimic groups had a significantly lower number of migra-
ted cells compared to the control group (181.000+£4.000
vs 376.333419.604), while the inhibitor group had an
increased number of migrated cells (575.000+£19.078 vs
376.333£19.604) (F=456.989, P<0.001). Pairwise com-
parisons confirmed dramatic differences from the control
group for both the mimic (P<0.001) and inhibitor groups
(P<0.001) (Fig. 3d, e, f). Similarly, the number of invaded
cells was significantly lower in the miR-516a-5p mimic
group (168.333%6.658 vs 28.3334£3.055) and higher in
the inhibitor group (620.333£12.662 vs 28.333+3.055)
(F=2209.121, P<0.001). Pairwise comparisons confirmed
dramatic differences from the control group for both the
mimic (P<0.001) and inhibitor groups (P<0.001) (Fig. 3g,
h, 1). These results collectively indicate that miR-516a-5p
plays a tumor-suppressive role in TNBC.

3.4. BCL9 as a downstream molecule of miR-516a-5p

Bioinformatics tools such as TargetScan and starBase
suggested that BCL9 could be a potential target gene of
miR-516a-5p. HS-578T cells were co-transfected with
wild or mutant pmirGLO-BCL9 vectors along with miR-
516a-5p mimics or NC. Dual luciferase reporter gene
assay revealed a remarkable reduction in luciferase acti-
vity in the pmirGLO-BCL9-WT group after miR-516a-5p
mimic treatment (1.160+0.108 vs 0.273+0.065, t=12.167,
P<0.001), while there was no noticeable change in mutant
vector activity (P>0.05). This indicates that miR-516a-5p
binds to the 3'UTR of BCL9 through base-complementary
pairing. GEPIA analysis revealed that BCL9 mRNA was
noticeably higher in TNBC tissues. Similarly, UALCAN
results indicated that BCL9 protein was discernibly ele-
vated in TNBC tissues. qRT-PCR confirmed that BCL9
mRNA expression in TNBC tissues was noticeably higher
(2.141£0.984 vs 0.905+0.447, t=8.859, P<0.001), with
statistically noticeable differences in lymph node metas-
tasis and TNM staging (1.714+0.712 vs 2.309+£1.014, t
=-2.424, P=0.019; 0.97140.197 vs 2.404+0.894, t =-5.256,
P<0.001). Immunohistochemistry detected higher BCL9
protein expression in TNBC tissues (48/60 (80%) vs
9/60 (15%), X*>=50.827, P<0.001, Fig. 4). BCL9 mRNA
expression was negatively correlated with miR-516a-
5p (R=-0.394, P=0.002) and positively correlated with
LINCO01232 (R=0.303, P=0.019), suggesting that BCL9 is
a direct target of miR-516a-5p.

The Combined Impact of LINC01232 and miR-516a-
5p on Breast Cancer Progression

We constructed sh-LINCO01232 and miR-516a-5p
inhibitor plasmids and assessed the expression of BCL9
mRNA and protein using qRT-PCR and WB analysis.
qRT-PCR experiments showed significant differences in
BCL9 mRNA expression levels among the sh-NC, sh-
LINCO01232, and sh-LINC01232 plus miR-516a-5p inhibi-

tor co-transfected groups (1.020+0.066 vs 0.346+0.105 vs
0.910+0.085, F=52.009, P<0.001). Silencing LINC01232
led to a marked decrease in BCL9 expression (P<0.001),
while co-transfection with the miR-516a-5p inhibitor
partially restored BCL9 expression (P=0.173). WB re-
sults supported these findings regarding BCL9 protein
expression. MTS assays detected significant differences
in breast cancer cell proliferation among the three groups
(F=4412.680, P<0.001), with an interaction between
groups and time points (F=64.100, P<0.001). Silencing
LINCO01232 at 72 and 96 hours obvious suppressed breast
cancer cell proliferation (1.834+0.073 vs 1.644+0.060,
t=4.011, P=0.007; 2.844+0.104 vs 2.045+0.046, t=13.993,
P<0.001), and co-transfection partially recovered the
proliferative capacity (1.834+0.073 vs 1.931+0.085,
t =-1.734, P=0.134; 2.844+0.104 vs 2.915+0.076, t
=-1.091, P=0.317). Clone formation assays demonstrated
significant differences in clone numbers among the sh-
NC, sh-LINC01232, and sh-LINC01232 plus miR-516a-
S5p inhibitor co-transfected groups (956.667+22.368 vs
279.667+14.364 vs 961.33+29.092, F=891.520, P<0.001).
Silencing LINCO01232 inhibited breast cancer cell prolife-
ration (P<0.001), and co-transfection restored it to some
degree (P=0.810, Fig. 5a, b, c). Transwell experiments
to evaluate the effects of LINC01232 and miR-516a-5p
on breast cancer cell migration and invasion revealed re-
markable differences in the number of migrated and in-
vaded cells among the groups (migrated: 528.000+7.937
vs  209.333+6.110 vs 529.333+6.658, F=2114.691,
P<0.001; invaded: 607.667+6.506 vs 319.333+7.095
vs 720.333+19.553, F=810.413, P<0.001). Silencing
LINCO01232 noticeably reduced migration and invasion
(P<0.001 for both), and co-transfection restored these
abilities (migration: P=0.822, invasion: P<0.001, Fig. 5d,
e, f, g, h, i). These results suggest that LINC01232 and
miR-516a-5p jointly modulate BCL9 expression and the
proliferation, migration, and invasion of breast cancer
cells, emphasizing the LINC01232/miR-516a-5p axis as
a crucial factor in TNBC development and a potential
therapeutic target. Results showed that LINC01232 and
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Fig. 4. The effects of miR-516a-5p on the biological behavior of
breast cancer cells. Figure a shows the transfection efficiency of
miR-516a-5p mimics or inhibitors in breast cancer cells detected by
qRT-PCR. Figure b presents the proliferation ability of breast cancer
cells with miR-516a-5p mimics and inhibitors as shown by the MTS
assay. Figure c displays the effect of miR-516a-5p on the proliferation
of breast cancer cells detected by the clone formation assay. Figure
d shows the migration ability of breast cancer cells transfected with
miR-516a-5p mimics and inhibitors in the Transwell assay. Figure e
presents the invasion ability of breast cancer cells affected by miR-
516a-5p in the Transwell invasion assay.
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Fig. 5. BCL9 serves as a target gene of miR-516a-5p and is re-
gulated by LINC01232. (a): the binding sites of miR-516a-5p on
the 3'UTR of BCL9 predicted by bioinformatics methods. (b): the
binding sites between miR-516a-5p and BCL9 demonstrated by the
luciferase reporter assay. (¢, d, and e): the expression levels of BCL9
in TNBC tissues from the GEPIA and UALCAN databases, respecti-
vely. (f): the expression levels of BCL9 in TNBC tissues detected by
qRT-PCR. (g): the expression of BCL9 among different subgroups.
(h): the expression levels of BCL9 protein in TNBC tissues revealed
by immunohistochemical staining. (i): the association between the ex-
pression levels of miR-516a-5p and BCL9 in TNBC samples through
association analysis. (j): the association between the expression levels
of LINC01232 and BCL9.

miR-516a-5p jointly regulate BCL9 expression and breast
cancer progression (Figure 6).

4. Discussion

Breast cancer remains the most common malignant
tumour in women worldwide, posing a substantial threat
to their physical and mental well-being[13]. The most re-
cent GLOBOCAN 2020 statistics reveal that breast cancer
has exceeded lung cancer as the most prevalent cancer in
the world[14]. Breast cancer can be divided into subtypes
based on biomarkers such as ER, PR, HER2 and Ki67.
These subtypes encompass Luminal A, Luminal B, HER2-
overexpressing, TNBC, and Normal Breast-like[15]. No-
tably, TNBC is marked by its lack of response to traditional
endocrine and antibody treatments, which results in high
recurrence and mortality rates[16]. Discovering molecular
targets for diagnostic and prognostic purposes is of utmost
importance in enhancing patient survival rates.
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Fig. 6. LINC01232 and miR-516a-5p jointly regulate BCL9 ex-
pression and breast cancer progression. (a): shows that LINC01232
upregulates BCL9 mRNA levels by inhibiting miR-516a-5p expres-
sion, as revealed by qRT-PCR. (b): presents that LINC01232 upre-
gulates BCL9 protein levels by inhibiting miR-516a-5p expression,
as shown by the WB results. (¢ and d) demonstrate the effects of
co-transfecting LINC01232 and miR-516a-5p on the proliferation
of breast cancer cells through the MTS and clone formation assays,
respectively. (e and f): further reveal the effects of co-transfecting
LINCO01232 and miR-516a-5p on the migration and invasion abilities
of breast cancer cells through the Transwell migration and invasion
assays, respectively.

LncRNAs are RNA molecules over 200 nucleotides
in length that do not encode proteins and are essential
for regulating gene expression[17, 18]. LncRNAs, like
LINCO01232, are engaged in tumourigenesis and progres-
sion. They affect the growth, proliferation, and migration
of tumor cells and are linked to drug resistance, recurrence,
and prognosis in cancers[19, 20]. Zhang et al.[21] obser-
ved elevated LINCO01232 expression in lung squamous
cell carcinoma (LUSC). Further research indicated that
LINCO01232 promotes LUSC progression by regulating
miR-181a-5p and SMAD?2 signaling. Liu et al.[22] disco-
vered that LINC01232 expression in clear cell renal carci-
noma (ccRCC) tissues and cells could predict patient pro-
gnosis. Silencing LINC01232 inhibited renal carcinoma
cell proliferation, migration, and invasion by modulating
miR-204-5p and RAB22A expression. Our group's initial
results from tissue microarray technology and qRT-PCR
analysis showed notably high LINC01232 expression in
TNBC tissues, which was correlated with patients' clini-
copathological data. Functional experiments demonstrated
that LINCO01232 significantly promotes breast cancer cell
proliferation, migration, and invasion, indicating its onco-
genic role in TNBC development and progression.

Competitive endogenous RNAs (ceRNAs) are endoge-
nous RNA molecules that can bind to miRNAs and regu-
late miRNA-mediated silencing of target genes through
competitive mechanisms[23]. Our nuclear-cytoplasmic
isolation experiments revealed that LINC01232 is mainly
expressed in the cytoplasm, suggesting its potential role
as a ceRNA. Starbase v2.0 predicted that LINC01232
could bind to miR-516a-5p, miR-429, and miR-936, and
LINCO01232 noticeably downregulated miR-516a-5p
expression. miR-516a-5p has shown differential expres-
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sion in various malignancies, including breast cancer. Ye
et al.[24] found that reduced miR-516a-5p expression in
non-small cell lung cancer (NSCLC) tissues correlated
with age, pathological stage, and tumor size, and was an
independent prognostic factor for tumor recurrence in
NSCLC patients. miR-516a-5p exerts tumor-suppressive
effects by targeting HIST3H2A in NSCLC cells. Zou et
al.[25] reported that circMYC was positively related to
poor prognosis in acute myeloid leukemia patients. Knoc-
king down circMYC reduces cell viability and OCR but
extends apoptosis, and a similar trend was observed with
miR-516a-5p overexpression. Mechanistically, reducing
circMYC could inhibit AML progression by miR-516a-5p/
AKTS3, providing a new therapeutic target for AML treat-
ment. Our group found that miR-516a-5p inhibits breast
cancer cell proliferation, migration, and invasion, which
is in contrast to the pro-cancer effects of LINC01232. RIP
and luciferase assays confirmed a base-complementary
binding site between LINCO01232 and miR-516a-5p, sug-
gesting that LINC01232 may affect TNBC cell biology by
modulating miR-516a-5p expression.

Moreover, bioinformatics tools such as TargetScan and
starBase forecasted BCL9, RASSF9, and HIST3H2A as
the target genes of miR-516a-5p. It was discovered that
miR-516a-5p noticeably downregulates BCL9 expression.
BCL9, which is situated on human chromosome 1q21[26],
serves as a co-activator in the Wnt signaling pathway[27],
It has been linked to multiple cancers, including colorectal
cancer, hepatocellular carcinoma, and lung adenocarci-
noma[28-30]. Our research showed that BCL9 is highly
expressed in TNBC tissues, and its expression level is clo-
sely linked to LINC01232 and miR-516a-5p. LINC01232,
functioning as a ceRNA, can counteract the inhibitory im-
pact of miR-516a-5p on its target mRNAs, thus facilitating
breast cancer cell proliferation, migration, and invasion.
BCL9 is a downstream target of the LINC01232/miR-
516a-5p axis and is involved in the malignant progression
of TNBC.

In conclusion, LINC01232 is overexpressed in breast
cancer. It operates by competitively binding to miR-516a-
5p in the cytoplasm, which hinders miR-516a-5p's inhibi-
tory effect on BCL9 and triggers BCL9 translation. The
discovery of this mechanism provides fresh perspectives
and potential therapeutic targets for breast cancer treat-
ment.
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