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Background: Breast cancer (BC) is the most prevalent solid cancer
affecting women’s health globally. Matrine (MAT), a traditional Chinese
herb, has exhibited antitumor effects against BC. However, its mechanism
of action, particularly whether it involves the control of cell proliferation
and epithelial-mesenchymal transition (EMT), remains unknown.

Aims: To explore MAT’s role in BC and its regulatory mechanisms, as
well as to identify targets for the development of novel medicines and
improvement of BC treatment modalities.

Study Design: Experimental study.

Methods: The UALCAN and Lnc2Cancer 3.0 databases were used to predict
the expression of LINC01116 in BC. The BC cells (MDA-MB-231 and MCF-7)
were treated with various concentrations of MAT, and the optimal dose
and timing of MAT action were determined using CCK-8 and quantitative
real-time polymerase chain reaction assays. Functional assays such as
CCK-8, EdU, Transwell, Western blot, and flow cytometry assays were
performed on the BC cells, and the impacts of LINC0O1116, miR-9-5p, and

INTRODUCTION

In 2020, the global incidence rate of breast cancer (BC) was
approximately 2.3 million, with a 6.9% fatality rate.™? In recent years,
with industrialization, urbanization, and changes in lifestyle, the
incidence of BC has increased annually, and the affected population
has become younger>?* Although therapeutic drugs and surgical
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ITGB1 expression levels on MAT's mechanism of action were assessed.
The association between LINCO1116, miR-9-5p, and ITGB1 was evaluated
using dual luciferase and RNA immunoprecipitation assays. Furthermore,
the size and weight of the subcutaneous tumors in mice model were
assessed. The effect of LINCO1116 overexpression on the in vivo action
of MAT and histopathological staining (TUNEL immunofluorescence,
hematoxylin & eosin staining, immunohistochemistry staining for Ki67
and Bax) were also assessed.

Results: The optimal dose and duration of MAT administration were 8 um
and 24 h, respectively. MAT effectively inhibited BC cell proliferation, EMT
progression, and biological functions, while promoting BC cell apoptosis.
The animal model experiments also demonstrated that MAT inhibited
BC tumor growth in vivo. Furthermore, MAT inhibited LINCO1116, which
acted as a sponge for miR-9-5p, increasing the ITGB1 level.

Conclusion: MAT suppresses BC cell and EMT proliferation via the
LINCO1116/miR-9-5p/ITGB1 pathway. Thus, MAT may be a promising
target for adjuvant anti-BC therapy.

modalities for BC are constantly being developed, the recurrence
and mortality rates for BC continue to rise. Thus, identifying more
precise drug targets or combining modalities has become critical for
the eradication of BC and prevention of recurrence. Unlike typical
anticancer medications, Chinese medicine has fewer side effects and
focuses on balancing the yin and yang, which has some advantages
over contemporary medicine.>’
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With the continued development and progress of Chinese medicine,
certain studies have used Chinese herbs in the treatment of BC.2°
Exploring the active ingredients in Chinese herbs is a key measure
to improving the curative rate, reducing the recurrence of BC, and
directing primary studies toward Chinese herbs for BC prevention
and treatment. The active compounds in Chinese herbs can
suppress the development of BC via several pathways and targets,
thereby reducing metastasis, recurrence rates, and side effects
associated with treatment.’" Matrine (MAT) is an active ingredient
derived from the root of the traditional Chinese medicine Sophora
flavescentis radix. It is a tetracyclic quinolizidine alkaloid that exhibits
numerous physiological and pharmacological properties, including
antiinflammatory, antimicrobial, antioxidant, lipid-lowering, and
antitumor properties.’>™ MAT has exhibited anticancer properties in
several cancer types, including lung,™ liver,” gastric,'® pancreatic,"”
and gynecological malignancies (cervical, ovarian, and breast).’#2
MAT can exert antitumor effects via various pathways, including
cell growth, autophagy induction, cell migration and invasion
inhibition, tumor neoangiogenesis inhibition, reversal of multidrug
resistance in tumor cells, and body immunity regulation.?"?
However, its principal mode of action is to inhibit tumor-related
signaling pathways, resulting in a substantial anticancer efficacy.
Although MAT is effective in treating BC,' its mechanism of action
requires further exploration.

The occurrence, development, invasion, and metastasis of BC are
associated with epithelial-mesenchymal transition (EMT). During
the progression of BC, EMT in tumor cells reduces intercellular
junctions, promotes individual tumor cell detachment from the
carcinoma in situ, and promotes the acquisition of mesenchymal
properties. These allow the cells to migrate to and invade the
periphery, enter the circulatory system, and eventually disseminate
to distant organs.?2?® EMT is associated with the activation of
various signaling pathways. MAT can prevent EMT in gallbladder
cancer by modulating the PI3K/AKT pathway.?” It also hinders EMT
in pancreatic cancer cells via the ROS/NF-kB/MMPs pathway.?
However, studies on MAT regulating EMT in BC are limited, and the
underlying mechanisms need to be further explored.

MAT can exert anticancer effects via the regulation of IncRNA-
miRNA interactions, which play a role in cancer etiology via multiple
signaling pathways. MAT has exhibited anticancer benefits against
acute myeloid leukemia by inhibiting the JAK/STAT pathway, which
is regulated by INnCRNA LINCO1116/miR-592.% The IncCRNA NUTM2A-
AST/microRNA-613 plays a role in MAT’s mechanism of action for
suppressing gastric cancer.?® LINCO1116 is located in the 2q31.1
region of the chromosome, with a length of roughly 1050 bp. Its
abnormal expression has been related with several malignancies,
and it plays a role in encouraging the development of cancer cells.'
Numerous studies have demonstrated that RNA01116 can affect
EMT progression in tumor cells, resulting in tumor progression and
a bad prognosis. However, it is uncertain whether MAT can regulate
LINC01116,3>* and currently, there are no reports of an association
between LINCO1116 and BC.

Based on the research background, we aimed to investigate the
effects of MAT on LINCO1116 expression in BC cells and a nude
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mice transplantation tumor model. Using cellular experiments
and an animal model, the genes targeted by LINCO1116 and
potential regulatory pathways were screened, and the effects of
these pathways on MAT-regulated cell proliferation, EMT, and
tumor development were analyzed. The goal of the study was to
explore MAT’s role in BC and its regulatory mechanisms, as well
as to generate ideas for developing MAT-targeted medicines and
improving BC therapy techniques.

MATERIALS AND METHODS

This study was approved by the Medical Ethics Committee of
Zhejiang Cancer Hospital, Hangzhou Institute of Medicine, Chinese
Academy of Sciences (approval number: YL-20231023, date:
23.10.2023).

Bioinformatics analysis

The level of LINCO1116 in BC tissues was evaluated using the online
databases UALCAN (https://ualcan.path.uab.edu/) and Lnc2Cancer
3.0 (http://bio-bigdata.hrbmu.edu.cn/Inc2cancer/). The ENCORI
(https://rnasysu.com/encori/) was used to predict the binding sites
between LINCO1116, miR-9-5p, and ITGB1.

Cell cultivation

The Cell Bank of the Chinese Academy of Sciences (Shanghai, China)
provided MCF-10A cells and BC cells (MDA-MB-231 and MCF-7). All
cells were grown in a RPIM-1640 medium (ORCPMO0110B; ORiCells,
Shanghai, China), which was supplemented with 100 U/ml of a
penicillin-streptomycin solution (C0222; Beyotime, Shanghai, China)
and 10% fetal bovine serum [(FBS); C0235]. All cells were incubated
in a saturated humidity incubator at 37 °C, with 5% CO,.

Cell transfection

RiboBio (Guangzhou, China) provided LINCO1116 overexpression
(LINCO1116) and the negative control (vector), miR-9-5p
overexpression and the negative control (miR-NC), and ITGB1
knockdown (si-ITGB1) and the negative control (si-NC). The cells were
transfected using the Lipofectamine 3000 (L3000001; Invitrogen,
Austin, TX, USA) protocols, with all transfections lasting 48 h.

CCK-8 assay

The BC cells (MDA-MB-231 and MCF-7) were digested with trypsin,
centrifuged, and counted. The cells were inoculated into 96-well
plates (1 x 10* cells/well), and 200 ul of culture medium was added
to each well. The BC cells were treated with 2 um, 4 um, and 8 ym
of MAT, and subsequently incubated at 37 °C with 5% CO, incubator.
During each time period, 20 pl of CCK-8 reagent was added, and the
cells were incubated for 2 h. The proliferative vitality of the cells in
each well was evaluated using an enzyme marker (OD at 450 nm).

Based on the OD value, the best dose of MAT was 8 um, which was
utilized to treat the transfected BC cells in all subsequent studies.
The remaining processes were the same as those described above.
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EdU detection

The BC cells were inoculated in 24-well plates (2x10* cells/well), and
8 um of MAT was added to each well. After the cells were cultivated
for 24 h, the culture media were discarded. Subsequently, the cells
were rinsed with PBS and treated with 10 um of EdU stainingsolution
for 1 h without light. Thereafter, the cells were rinsed with PBS and
fixed and permeabilized using 4% paraformaldehyde and 0.3% triton
X-100, respectively. Subsequently, the cells were incubated with the
click reaction solution for 30 min at room temperature without
light. Thereafter, the nuclei were stained with DAPI for 10 min,
and the slices were sealed. The slides were examined for positively
stained cells using a fluorescence microscope, and photographs
were obtained.

Transwell detection

Transwell inserts were inserted into 24-well plates in which 50 ul of
pre-cooled matrix gel (Matrigel) had been added to the chambers
to test for invasiveness. The upper chamber was filled with 100 ul
of 1x10°/ml cell suspension and 8 ym MAT, and the lower chamber
was filled with 500 ul of RPMI-1640 media containing 10% FBS. The
plates were incubated at 37 °C and 5% CO, for 24 h. Thereafter, the
cells in the lower chamber were fixed with 4% paraformaldehyde
and stained with 0.1% crystal violet. Subsequently, the plates were
rinsed with PBS and air-dried. Thereafter, a high magnification
microscope was used to identify the number of cells that had
migrated and invaded the lower chamber.

Flow cytometry

Apoptosis was detected using the Annexin V-FITC/PI Double Labeling
Staining Kit (40302ES50; Yeasen, Shanghai, China). The cells were
treated with 8 um of MAT for 24 h, and subsequently washed
twice with pre-cooled PBS. Thereafter, the cells were collected,
centrifuged, and resuspended in 100 ul of binding buffer, 5 ul of
annexin V-FITC, and 10 ul of PI. The reagents were allowed to react
for 15 min at 25 °C without light. Thereafter, the binding buffer was
added, and a flow cytometer (2010284AA; Agilent, Santa Clara, CA,
USA) was used to detect and quantify the rate of apoptosis.

Dual luciferase assay

LINCO1116and ITGB1 3'UTR sequences with wild-type (WT) or mutant
(MUT) miR-9-5p binding sites were introduced into the pmirGLO
vector (Promega, WI, USA) to generate the following luciferase
reporter plasmids: WT-LINCO1116, MUT-LINCO1116, WT-ITGB1, and
MUT-ITGB1. The MDA-MB-231 and MCF-7 cells were transfected with
the aforementioned plasmids, as well as miR-9-5p or miR-NC, using
Lipofectamine 3000 (L3000001; Invitrogen). The luciferase activity
after 48 h of cotransfection was detected using a dual luciferase
reporter assay kit (RG027; Beyotime).

RNA immunoprecipitation assay

To verify the binding of LINC0O1116 and miR-9-5p, the RNA
immunoprecipitation (RIP) test was performed (JKR23003 RIP
kit; Gene Create, Wuhan, China). The BC cells were lysed with RIP
lysate. Thereafter, 100 ul of the whole cell extracts were treated
with magnetic beads bearing AGO2-conjugated antibodies for 2 h
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at room temperature. Immunoglobulin G (IgG) antibodies served as
a control. Thereafter, the samples were washed with the RIP wash
buffer and processed with proteinase K for 30 min at 55 °C to extract
RNA-protein complexes from the magnetic beads. Subsequently,
the immunoprecipitated RNA was extracted using Trizol, and
quantitative polymerase chain reaction (qPCR) was performed to
determine the enrichment of LINCO1116 and miR-9-5p.

In vivo experiment

An in vivo model was developed using 4-week-old female BALB/c
nude mice. The animals were administered subcutaneous injections
of MDA-MB-231 cells that were transfected with a vector or LINCO1116
(2x10° cells/mice). When the tumor volume was > 150 mm?>* the
nude mice were randomly separated into the following three groups
(n = 5 each): control (vector), MAT administration (vector + MAT),
and LINCO1116 overexpression + MAT administration (LINC0O1116
+ MAT). MAT was administered at a dose of 100 mg/kg/d. Vernier
calipers were used to quantify the tumor volume (1/2 x length x
width?) every 7 days, and photographs were obtained. After 21 days
(day 28) of continuous intraperitoneal injection, the nude mice were
killed, and the tumors were isolated and weighed.

TUNEL immunofluorescence assay

Apoptosis in the tumor tissues was measured using a TUNEL kit
(C1091; Beyotime, Shanghai, China). The test was performed
according to the manufacturer’s instructions. Tumor tissues
from the mice were fixed with 4% paraformaldehyde, hydrated,
embedded in paraffin, and cut into 4 um slices. The tissue sections
were deparaffinized with xylene and dehydrated using an ethanol
gradient. The section was rinsed with PBS before each of the
following steps: addition of 20 ug/ml of DNase-free proteinase K
solution and incubation at 25 °C to allow reagents to enter the
nucleus. Subsequently, the tissues were soaked in 3% H,0, for 15 min
to deactivate the endogenous peroxidase in the slices. Thereafter,
the slices were stained with 50 pl of the TUNEL reaction mix (60
min at 37 °C), followed by the DAPI staining solution (5 min at room
temperature) under light protection. Subsequently, the sections
were blocked with an anti-fluorescent burst sealing solution and
tested for TUNEL positivity.

Hematoxylin & eosin staining

The paraffinized tumor sections were deparaffinized using xylene
and rehydrated using an alcohol gradient. Thereafter, the sections
were stained with hematoxylin for 15 min, differentiated with 1%
acidicalcohol (containing 70% hydrochloric acid) for 30 seconds, and
rinsed under running water. Subsequently, the section was stained
with 0.5% eosin for 3 min. Thereafter, the slices were dehydrated
using an alcohol gradient, treated with xylene transparency, and
sealed with a neutral gum (G8590; Solarbio). Finally, the tumor
morphology was examined under a microscope.

Immunohistochemistry

The tissue sections were subjected to ethanol gradient hydration
and citrate antigen repair (C1032; Solarbio). Ki67 (ab232784) and
Bax (ab32503) primary antibodies were added to the section after
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the addition of an avidin/biotin blocking buffer (C-0005; HaoRan
Biotech, Shanghai, China) at 25 °C. Subsequently, the sections
were incubated overnight at 4 °C. After incubation, the sections
were washed, and the appropriate secondary antibody (ab150077)
was added. Thereafter, the sections were incubated for 1 h at 25
°C. Subsequently, the sections were restained with streptavidin-
horseradish peroxidase and hematoxylin (C0107; Beyotime,
Shanghai, China). Finally, the sections were dehydrated using
an ethanol concentration gradient, permeabilized using xylene,
sealed with a neutral gum, and evaluated using a microscope. The
microscopic appearance was photographed.

gRT-PCR assay

Total RNA was isolated from the BC cells and mice model tumors
using Trizol (DP424; Tiangen, Beijing, China). The RNA was reverse
transcribed to cDNA using the Prime Script RT reagent Kit (RR047 A,
Takara, Tokyo, Japan). Thereafter, quantitative real-time polymerase
chain reaction (qRT-PCR) was performed (ABI PRISM 7300). The 24@
technique was used to calculate the relative expression levels of
LINC0O1116 and miR-9-5p, and their data were normalized using
B-actin and U6, respectively. The following primers were used:

- LINC01116: F, 5-ATTGACCCTTCGGACAGCAG-3’; R,
5-GGGGAATCGGCAGGAAATGA-3'.

- B-actin: F, 5-ATCACTATTGGCAACGAGCG-3’; R,
5-ACTCATCGTACTCCTGCTTG-3'.

- MiR-9-5p: F, 5-AAGCAGAAACCGAAAGAAAAAA-3; R,
5-AGTGCAGGGTCCGAGGTATT-3".

- U6: F, 5-CTCGCTTCGGCAGCACA-3’; R, 5'-AACGCTTCACGAATTTGCGT-3'.

Western blot analysis

The BC cells and tumor tissue samples were lysed using a lysis
buffer (20101ES60; Yeasen, Shanghai, China), and the proteins were
isolated using 10% SDS-PAGE. The protein samples were transferred
to PVDF membranes, and the membranes were treated with TBST
buffer containing 5% skimmed milk for 1 h at 25 °C. Thereafter,
the membranes were incubated overnight at 4 °C with the primary
antibody. Subsequently, the membranes were incubated with the
secondary antibody for 1 h at 25 °C. The immunoblots were observed
using enhanced chemiluminescence. A chemiluminescence image
analysis system (5200; Tanon, Shanghai, China) and Image] (version
1.8.0) were used to capture the protein bands and analyze the
grayscale values, respectively.

The primary antibodies used were rabbit anti-E-cadherin (ab314063),
Snail (ab180714), Vimentin (ab92547), ITGB1 (ab179471), and the
endogenous reference protein B-actin (ab8227). The secondary
antibody used was sheep anti-rabbit 1gG (ab6721). All the additional
antibodies were acquired from Abcam and used at the appropriate
concentrations.

Statistical analysis

All data were analyzed using SPSS (version 26.0), and the figures
were created using GraphPad Prism (version 9.0). The t-test was used
to compare samples from two groups, whereas ANOVA was used
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to compare samples from several groups. Subsequently, the post-
hoc Tukey test was used. Data are presented as mean + standard
deviation. Statistical significance was set at p < 0.05.

RESULTS

LINC01116 was significantly expressed in BC cells

An online analysis using the UALCAN and the Lnc2Cancer 3.0
databases revealed that the expression level of LINCO1116 was
considerably greater in the BC cells than in the normal samples
(Figure 1a, b). Validation by qRT-PCR using normal human mammary
epithelial cells MCF-10A and human BC cells (MCF-7 and MDA-
MB-231 cells) revealed that LINCO1116 expression had significantly
increased in the BC cells (Figure 1c). This implies that LINCO1116
may play a role in BC deterioration. The CCK-8 assay to examine
the effect of MAT on the proliferative viability of BC cells and screen
for the optimal concentration of MAT for its activity. The MCF-7 and
MDA-MB-231 cells were treated with 2, 4, and 8 um of MAT for 0,
24,48, and 72 h. The CCK-8 assay revealed that cell concentration
increased in a time-dependent manner in all groups. Furthermore,
MAT suppressed the proliferation of MCF-7 and MDA-MB-231 cells in
a concentration-dependent manner, with 8 um of MAT exhibiting
the largest inhibitory effect on both cell lines (Figure 1d, e). The
qRT-PCR assay revealed that the levels of LINC01116 in BC cells were
lower than that in the control group after exposure to 8 um of MAT
for 24, 48, and 72 h (p < 0.001, Figure 1, g). Therefore, except for
the CCK-8 assay, our subsequent experiments were performed with
8 um MAT for 24 h.

LINCO1116 overexpression reduced the inhibitory impact of
MAT on cancer progression

After transfecting the two MAT-treated BC cell lines with
the LINCO1116 overexpression vector, the qRT-PCR revealed
overexpression of LINCO1116 (Figure 2a). The MCF-7 and MDA-
MB-231 cells in the vector + MAT group demonstrated low 0D450
values (Figure 2b, ¢), EdU-positive cells, reduction in the number
of cells migrating to and invading the lower compartment (Figure
2d-i), increased expression of EMT-related protein E-cadherin,
decreased expression of Snail and vimentin (Figure 2j-I), and an
increased apoptosis rate (Figure 2m, n). These findings indicate that
MAT could effectively inhibit the malignant biology. Furthermore,
LINCO1116 overexpression partially reversed MAT’s inhibitory effect
on the malignant behavior of BC cells, promoting their malignant
behavior while inhibiting their death. Thus, MAT may slow cancer
growth by modulating LINC01116 expression.

LINCO1116 functioned as a sponge for miR-9-5p in the BC
cells

Through screening, we discovered a potential binding site
(UGGUUUQ) between LINCO1116 3’'UTR and miR-9-5p (Figure 3a).
After verification of miR-9-5p overexpression efficiency by qRT-PCR
(Figure 3b), we found that although the miR-9-5p overexpression
significantly reduced the luciferase activity of WT-LINCO1116, it
did not affect the MUT-LINCO1116 luciferase activity (Figure 3c).
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Furthermore, the enrichment of LINC01116 in BC cells significantly
increased following miR-9-5p overexpression (p < 0.0001, Figure
3d), indicating that LINC01116 binds to miR-9-5p. The qRT-PCR
revealed that miR-9-5p levels significantly reduced following
LINCO1116 overexpression (p < 0.0005) and that miR-9-5p
expression was significantly lower in BC cells than in MCF-10A cells
(p < 0.001) (Figure 3e, f). These demonstrate that LINC0O1116 binds
to miR-9-5p. Our findings imply that LINC01116 serves as a sponge
for miR-9-5p in BC cells, and it promotes BC by suppressing miR-9-
5p production.

Overexpression of miR-9-5p reversed LINCO1116°s inhibitory
effect on MAT activity

We investigated whether MAT can alter BC cell function by controlling
the expression levels of LINC0O1116 and miR-9-5p, which were
confirmed by rescue experiments. The experiments were divided
into the following four groups: control group (vector + miR-NC), MAT-
treated group (vector + miR-NC + MAT), LINCO1116 overexpression
in MAT-treated group (LINC01116 + miR-NC + MAT), and LINCO1116
and miR-9-5p overexpression in MAT-treated group (LINCO1116 +
miR-9-5p + MAT). LINCO1116 overexpression significantly reduced
MAT’s inhibitory impact on cell biological behaviors. In contrast to
the LINCO1116 + miR-NC + MAT group, the LINCO1116 + miR-9-5p +
MAT group exhibited suppression of the malignant behavior of the
two BC cell lines. In the LINC0O1116 + miR-9-5p + MAT group, the cell
proliferation viability was significantly reduced (p < 0.0001, Figure
4a, b), the cellular EdU positivity rate was elevated (Figure 4c, d),
the number of cells migrating to and invading the lower chamber
was significantly reduced (p < 0.0001, Figure 4e-h), the Snail and
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vimentin levels were significantly reduced (p < 0.05, Figure 4i, j),
and the apoptosis rate was significantly higher (p < 0.005, Figure
4k, 1). Thus, miR-9-5p overexpression substantially reversed the
inhibitory impact of LINC0O1116 on MAT function, indicating that
MAT inhibits BC via the LINC01116/miR-9-5p axis.

LINCO1116 enhanced ITGB1 expression by acting as a sponge
for miR-9-5p

miRNAs serve important biological activities by controlling
the expression levels of downstream genes. Hence, it is critical
to investigate  miRNA functional mechanisms, including the
identification of significant target genes and regulatory relevance.
Although our findings indicate that MAT inhibits BC cell proliferation
and EMT via the LINCO1116/miR-9-5p axis, it remains unclear which
target gene miR-9-5p regulates BC cell activity. Bioinformatics
analysis by the ENCORI database predicted that the miR-9-5p’s
downstream target gene was ITGB1 (Figure 5a). WT-ITGB1 and
MUT-ITGB1 were co-transfected with the miR-9-5p overexpression
vector and the control miR-NC vector, respectively, into the two
BC cell lines. The miR-9-5p overexpression strongly suppressed
the luciferase activity of WT-ITGB1 (p = 0.0001 and p = 0.0003,
respectively; Figure 5b). This indicated that miR-9-5p specifically
binds to ITGB1. Western blot analysis revealed that ITGB1 expression
significantly reduced following miR-9-5p overexpression in the BC
cells (p < 0.0001, Figure 5¢). However, ITGB1 expression was higher
in the BC cells than in MCF-10A cells (Figure 5d). We hypothesized
that the downregulation of LINC0O1116 could promote miR-9-5p
expression, which in turn may inhibit ITGB1 production and prevent
BC progression. This conclusion was supported by the fact that the

miR-NC

a b g 12 " miR9-5p
WT-LINC01116 5 GAAGACGAGCAGCUCCCACCAAAGU 3' :Q. 9 * >
LTI g
miR-9-5p 3' AGUAUGUCGAUCUAUUGGUUUCU &' % 6
MUT-LINCO1116 5 GAAGACGAGCAGCUCCCEGGUULUY 3° £
g o =
MDA-MB-231 MCF.7
MB- ! miR-NC ; iRNC d miR-NC
: : 2
810] L o & 10] T L E2u i
4 s ST
2 £ £33
Sos * Sos * o ]
o o 271 == =
2 £ K] |
S 0o S 00 e |
g O ] 4
& WTLNCO1116  MUT-LINCO1116 @ WLLNCO1116  MUT-LINGO1116 MDA-MB-231 MCF.7
e vector F oo
T 45 == LINCOT116 T s
3 2
a a
20l T T S T
g g
£ : .
s 05 e 05 *
ki s
Boo Eoo
MDA-MB-231 MCF.7 o ‘,vﬁ\ «*
o

FIG. 3. LINCO1116 acts as a sponge for miR-9-5p in BC cells (‘indicates p < 0.05). (a) The ENCORI database predicted LINC0O1116’s binding location to
miR-9-5p. (b) The miR-9-5p overexpression plasmid was transfected into two types of BC cells, and cell transfection efficiency was assessed using qRT-
PCR. (c) WT-LINCO1116 and MUT-LINCO1116 luciferase reporter plasmids were co-transfected with miR-9-5p overexpression vector and control miR-NC
vector into two types of BC cells, respectively, and the cells’ luciferase activity was measured. (d) The RIP assay was used to determine the enrichment
of LINCO1116 with miR-9-5p in two types of BC cells. (e, f) The LINCO1116 overexpression vector was transfected into two types of BC cells, and miR-9-

5p expression alterations were identified using qRT-PCR.

BC, breast cancer; qRT-PCR, quantitative real-time polymerase chain reaction; RIP, RNA immunoprecipitation.

Balkan Med J, Vol. 42, No. 1, 2025



60

Ren et al. Matring’s Mechanism in Inhibiting Breast Cancer Progression

VectorsmiR-NC
a b vector+ vector+ LINCO1116+ LINCM"C' d © vector+miR-NC+MAT
MOAMB231 © VeCtorsmiR-NC MCF7 vectorémiR-NC IR-NC. 207 mu LINCOT16#miR-NCHMAT
VectorsmiR-NCHAAT vector#miR-NCHMAT 2 LINCO1H6+miR 9-SpHMAT
_2s Thico I HOAT, _ 25 LINCOT116+miR-NCHMAT A S 15
Ea LINCO116+miR 9-5pHMAT E 0 LINCOT16+mIR9-Sp+MAT R 5 L S
S H “or 8 1.
2 s . E ¢
s H
S }]' 3 1 i 3o
s é s o <
Q o Qo LX
8 o MDA-MB-231 MCF7
) Oh 24n 48h 72h
MDA-MB-231 MCF-7
e —— p— Unconties  Lncorttss f . vectorminge E-cadherin| Vo N 00 W] (99 i v e 19540
PIRNC 3 207 == LINCOT16/mIR-NCHAT
8 LINCOTH16+mR 3-SpHMAT Snail e <« = et ey o wew e 29KD
s Vimentin == =« e o = = a— - - 57KD
5 1.
; B-actin -——— ———— 42kD
2 0 3 3
3 O @ e
g oo o~ -“r' & \‘N o @ @t
00 et @™ @@ @ e e
N o S PN
< N Fage iy
. W W
g vector+ vector+ LINCO1116+ LINCO1116+ vector+miR-NC J vectorsmiR-NC 5 LINCO1116+miR-NC+MAT
miR-NC mIR-NC+MAT miR-NC+MAT MiR-9-5p+MAT vector+miR-NC+MAT -
5 S y 2 207w LINCOM164mIR-NCHMAT T sss
2 ] LINCO o & AT Ll
515 =
B N T g
3 ° 1 ENs
RS S ;
e g2 ras sxsx s2s sas
£ g i
3 K] ¥ sl - ] W ]
Ecadnerin__Snail__ Vimentin E<cadherin__Snail___Vimentin
MDAMBZ31 WeF7
k vecorominG
MDA-MB-231 I vectorsmiR-NC+MAT
vector+ vector+ LINCO1116+ LINCO1116+ . 409 == LINCO1116+miR-NC+MAT
mIR-NC mIR-NC+MAT mIR-NC+MAT mIR-9-5p+MAT £ LINCO1116+miR-9-Sp+MAT
o1 “Tat @ | “Tar @) “ai @ “Jar @ g
1% N e |ie EN o $
1 A 1 4 1 1 2 %
4 4 "R 4 1 H
. > . 1
fas a,th‘mﬂlo'L £
e | Gl Lless | Tl Ll&s" 2, .i724 8%

o
MDA-MB-231

Annexin V MorT,

FIG. 4. Overexpression of miR-9-5p reduces the attenuating impact of LINC0O1116 on the suppression of BC development by MAT (‘indicates p < 0.05).
(a, b) MCF-7 and MDA-MB-231 cells were transfected with miR-9-5p overexpression plasmid and/or LINCO1116 overexpression vector. Proliferative
changes was measured by CCK-8 after 24, 48, and 72 h of treatment with 8 um MAT. (c, d) EdU measured the proportion of positive cells in two types of
BC cells to quantify their proliferation. (e, f) Transwell detection of BC cell migration into the lower chamber. (g, h) Transwell detection of the number
of BC cells invading the lower compartment. (i, j) Western blot analysis of EMT-related proteins E-cadherin, snail, and vimentin in two types of BC cells.
(k, I) Flow assay for detecting apoptosis levels in two types of BC cells.

BC, breast cancer; MAT, matrine; EMT, epithelial-mesenchymal transition.
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BC, breast cancer.
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ITGB1 content in the BC cells was significantly lower when both ITGB1 level, indicating that MAT inhibits BC cell proliferation and
LINCO1116 and miR-9-5p were overexpressed than when LINCO1116 EMT by regulating the LINCO1116/miR-9-5p/ITGB1 pathway.
was overexpressed alone (p < 0.0005; Figure 5e). This demonstrates

that LINCO1116 upregulates ITGB1 levels by acting as a sponge for LINCO1116 overexpression reduced the inhibitory impact of

miR-9-5p. Furthermore, MAT may function through the LINCO1116/ MAT on BC tumor development in vivo
mMiR-9-5p/IT6B1 pathway in BC cells. Subsequently, we transfected Given the activity of MAT in vitro and the associated pathways, we
si-ITGB1 into two cells to knock down the ITGB1 level (Figure 5f), investigated whether MAT could influence BC tumor formation
and we were able to establish the mechanism of action of MAT by iy vivo. The nude mice transplantation tumor model was created
rescue tests. by first subcutaneously injecting MDA-MB-231 cells into nude
ITGB1 knockdown rescued the attenuated effect of LINCO1116 ~ Mice, followed by treatment with MAT (Figure 7a). At the end of
overexpression on MAT action the experiment, the nude mice in each group were killed and

) ) ) the size and weight of the subcutaneous tumors were measured.
Overexpression of LINCO1116 considerably reduced the impact  compared to the vector group, the MAT therapy group exhibited

of MAT on BC cells. ITGB1 knockdown also reduced the Fmpagt of significantly smaller and lighter subcutaneous tumors. However,
LINCOT116 overexpression and partially restored the inhibitory LINCO1116 overexpression encouraged tumor growth, resulting in a
impact of MAT on the proliferative activity of BC cells (Figure 6a, considerable increase in both the volume and weight of the tumors
b). Furthermore, there was significant decrease in the proportion (Figure 7b-d).

of EdU-positive BC cells (Figure 6¢, d) and the number of BC cells

migrating/invading into the lower compartment (Figure 6e-h; p < TUNEL immunofluorescence revealed a considerable reduction in
0.0001). In the EMT, there was a significant elevation in the epithelial ~ the amount of apoptotic cells following LINCO1116 overexpression
phenotype-associated protein levels (e-cadherin) and a significant (p < 0.0001, Figure 7e, f). Hematoxylin & eosin staining revealed
reduction of the mesenchymal phenotype-associated protein (snail pathological structural abnormalities in the tumor tissues (Figure
and vimentin) levels (p < 0.05; Figure 6i, j). Furthermore, there was 7g). The tumors in the vector group revealed a disordered cellular
a significant elevation in the apoptosis rate in the two BC cell lines arrangement, increased nuclear-cytoplasmic (N/C) ratio, and
(p < 0.001; Figure ok, I). Thus, ITGB1 knockdown, similar to miR-9- tumor tissue infiltration. However, the tumors in the MAT-treated
5p overexpression, reversed the effect of LINC0O1116 overexpression group revealed fewer tumor cells, a fuzzy and sparsely organized

on MAT action. Furthermore, miR-9-5p targeted and inhibited the morphology, and a decreased N/C ratio. These enhanced the

a b c — vectors  UNcotttes  Lwcotites (O] vedeat
o ; SINGOMAT SINCOMAT _sHTGBIOMAT
MoAMB 231 vector ;:;:;mr MCF-7. :::“’"‘::gmv sSi-NC 207 = LINCO1116+5i-NCHMAT
_ 25 LINCO1116+5I-NCHMAT 25 LINCO111645i-NCHMAT 3 LRI SIETORI AT
E LINCO1116+5HTGB1SMAT E LINCO1116+5HTGB1#MAT "y &
E20 E20 RS 5
5 :

- w 1.0- I
Ss 2 s o W r
3 ]‘ ] - 2
210 210 2 Jole 4 Eos
> s p & z N P N F
5 os : & os « -
o il o » MDA-MB-231 MCF.7

oz am 72n " oh 2 4 7n

e NEtoreENG 1 E-cadherin = wemw = w— - S v~ w=m 135kD
vector+ vector+ LINCO1116+  LINCO1116+ v

N NC+MA SINCHMAT  SiTGBI+MAT

e o

2.0 mm LINCO1116+5i-NC+MAT —
LINCO1116+si4TGB1+MAT Snail = — - -— — 29kD
Vimentin *== — — e — = 5TKD
peactin -——— — e w— = 12kD
S © S g
“1allz 1 K o xxf-‘wa W e “Fo"’e«“"
P .\ e o ‘\\\ s
o < “ W ey w A
< Rt
W W

Relative migration cells

MDAMB-231 MCF.7 K

g vector+ vector+ LINCO1116+ LINCO1116+
si-NC si-NCHMAT Si-NCHMAT  si-ITGBI1+MAT
vy N BSOSy TL L% ANy 8

Vectorssi-NC = LINCO1116+5i-NCHMAT

Relative invasion cells
|
|
|
|
|
|
Relative protein level

0.0- E-cadherin___ Snail Vimentin  E-cadherin __ Snail Vimentin
MDAMB-231 MCF-T

Vectorssi-NG
vectorssi-NC+MAT

= LINCO1116+5iNCHMAT
LINCO1116+5HHTGB1#MAT

k MDA-MB-231 MCF-7 I

vector+ vector+ memﬂs LINCO1116+ veclol LINCM"S LINCO1116+.
SI-NCSMAT si-NC: n m:an MAT SITGB1+MAT

si-NC
o1 “Tat @ “Tar @ i T Tat & Tar e @ | “Tat @

o i Bo o2 S0 us 2 e Tia| _ it %2 J2ss Sor| jar 8% |
4 # ; o 4

P g A ¥
. 4 : B "
“las a 'Wa‘ﬁ’ a "J o | 1P T a o | “las a | "o @
922" 03 . |e23 _09s| | ead _oe) | 727 o8] ozt | ’i jea2 ‘°L i | 1) e REZ|

Annexin V MDA-MB-231 MCF.7

Apoptosis rate (%)

FIG. 6. ITGB1 knockdown rescues the attenuated effect of LINCO1116 overexpression on the inhibition of BC development by MAT (“indicates p < 0.05).
(a, b) si-ITGB1 and/or LINCO1116 vectors were transfected into MCF-7 and MDA-MB-231 cells, respectively, and cell proliferation viability was assessed
using CCK-8. (c, d) EdU detected MCF-7 and MDA-MB-231 cell growth. (e, f) Transwell detection of BC cell movement rates. (g, h) Transwell detection
of BC cell invasion rates. (i, j) Western blot detected the amounts of EMT-related proteins E-cadherin, snail, and vimentin in two types of BC cells. (k,
) Flow detection of apoptosis in two types of BC cells.

BC, breast cancer; MAT, matrine; EMT, epithelial-mesenchymal transition
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pathologic structure of the tumor tissue, which were reversed with
LINCO1116 overexpression. LINCO1116 overexpression also inhibited
the reduction and increase of Ki67 and Bax expression, respectively,
in tumor tissues following MAT treatment (Figure 7g). This implies
that LINCO1116 may enhance both malignant BC tumor spread
and BC cell proliferation. The qRT-PCR and Western blot analysis
revealed that the expression levels of LINC0O1116, miR-9-5p, and
ITGB1 decreased, increased, and decreased, respectively, in BC
tumors after MAT administration; the opposite change was observed
after LINCO1116 overexpression (Figure 7h-j). This finding indicates
that MAT inhibits BC tumor growth in vivo via the LINCO1116/miR-
9-5p/ITGB1 axis.

DISCUSSION

Comprehensive treatment has become the fundamental premise
of tumor treatment, essentially representing the reasonable
approach and future development direction of tumor therapy.
Patient with BC exhibit a longer survival time, are more sensitive
to various treatments, and demonstrate the more typical overall
treatment of various malignant tumors.> Drug-assisted therapy is
now available for patients with BC to improve their survival rate.
Traditional Chinese medicine is based on the extensive clinical
expertise obtained over thousands of years in China and other Asian
nations, and it has exhibited an extraordinary adjuvant therapeutic
impact in the treatment of cancer.”*® Thus, developing new and
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effective Chinese medicinal agents with low side effects is critical
for alleviating the negative effects in patients with BC, improving
the body’s immunity, and increasing the curative rate. MAT offers
advantages of clear pharmacological effects, mild therapeutic effects,
and excellent safety. Additionally, as a monomer, MAT has a defined
chemical structure, which is beneficial for new drug development.>”
In our study, MAT inhibited the proliferative activity of MCF-7 and
MDA-MB-231 cells in vitro in a concentration-dependent manner.
Furthermore, 8 um of MAT reduced the OD of the cells by more than
half of that of the control cells. Thus, the optimum concentration
of MAT for producing a significant effect is 8 um. The treatment
of two BC cell lines with 8 um of MAT demonstrated a decrease
in the number of EdU-positive BC cells, decrease in the number of
cells migrating and invading in vitro, and an increase in the rate of
apoptosis. These findings demonstrate that MAT could effectively
inhibit the biological behaviors of BC cells, which is consistent with
the findings of previous studies.?"

The primary cause of death in patients with BC is tumor metastasis,
which refers to the systemic spread of tumor cells.® EMT is
involved in tumor cell invasion and migration, which is important
in the metastasis and dissemination of BC cells.*** Epithelial cells
are distinguished by their stable cell-cell junctions, apical-basal
polarity, cell-basement membrane interactions, and expression of
epithelial marker protein molecules (e.g., E-cadherin). However,
transformed mesenchymal cells exhibit fibroblast-like morphology
and cellular structure, increased invasive and migratory capacity,
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FIG. 7. LINCO1116 overexpression reduces the anticancer action of MAT on BC development in vivo (‘indicates p < 0.05). (a) Timeline for administering
naked mice. naked mice were subcutaneously injected with stably transfected vector or LINCO1116 overexpressing MDA-MB-231 cells, and MAT was
given serially after 7 days (the tumor volume was > 150 m®) of breding until the naked mice were put to death on the 28" day. (b) Tumors isolated in
vivo after nude mice were killed in each group. (c) Tumor volume changes in naked mice during feding. (d) Weight of tumors in vivo in naked mice.
(e, f) Tunel immunofluorescence staining of tumor tissues. (g) Tumor tissue H & E staining, immunohistochemical staining with Ki67 and Bax. (h, i):
qRT-PCR detection of LINCO1116 and miR-9-5p expression in tumour tissues. (j) Western blot detected the expression of ITGB1 in tumor tissues.

BC, breast cancer; MAT, matrine; H&E, hematoxylin-eosin; qRT-PCR, quantitative real-time polymerase chain reaction.
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and increased expression of mesenchymal marker proteins (e.g.,
Snail and N-cadherin).*"* Numerous studies have demonstrated
that traditional Chinese medicine and its active components have
a stronger inhibitory effect on EMT in the BC cells.** In our study,
the MCF-7 and MDA-MB-231 cells that were treated with 8 um of
MAT for 24 h exhibited a significant upregulation in E-cadherin
expression and downregulation in Snail and N-cadherin expression.
This indicates that MAT can successfully suppress the EMT process
of BC cells, which is also an essential explanation for the reduced
migratory and invasion ability of BC cells.

In recent years, numerous studies have focused on the induction
mechanism of EMT, and they have determined that IncRNAs can
regulate EMT by interacting with transcriptional regulators.®>#* The
deregulation of IncRNAs plays a significant role in the progression
of BC.*%* Furthermore, IncRNAs can interact with miRNAs as
“sponges” or ceRNAs, reducing the inhibitory effect of miRNAs on
mMRNAs of downstream target genes.”” LINCO1116 is a IncRNA that is
overexpressed in numerous malignanttumorsand is essential for cell
proliferation, invasion, migration, and apoptosis.>' Via a database
review and experimental assays, we discovered that LINC0O1116 was
significantly overexpressed in BC tissues and cells, and its expression
level was significantly reduced after 24 h of treatment with MAT.
These findings imply that MAT may inhibit BC cells by impeding
the EMT process via the downregulation of LINCO1116 expression.
To evaluate the probable mechanism of action of LINCO1116
dysregulation in BC, we predicted its target miRNA and validated
it using the ENCORI database. We discovered that LINC0O1116 might
act as a sponge for miR-9-5p and subsequently determined that the
downstream target gene of miR-9-5p was ITGB1. Rescue tests using
miR-9-5p overexpression and ITGB1 knockdown demonstrated that
LINCO1116 upregulated ITGB1 expression by acting as a sponge for
miR-9-5p, and MAT mediated the role of the LINC0O1116/miR-9-5p/
ITGB1 axis in BC. In vivo tests revealed that MAT administration
at a dose of 100 mg/kg/day significantly reduced the volume
and weight of BC tumors in the nude mice model by more than
half. Furthermore, the expression levels of LINC01116, miR-9-5p,
and ITGB1 in tissues were significantly lower, higher, and lower,
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respectively after MAT administration; however, these results
were reversed with LINCO1116 overexpression. These results were
comparable to those of the in vitro cellular experiments. MAT also
improved the pathological structure and decreased and increased
the Ki67 and Bax expression levels, respectively, in tumor tissues.
These findings indicate that MAT might suppress tumor development
and metastasis in vivo by modulating the LINC0O1116/miR-9-5p/
ITGB1 axis (Figure 8). MAT has been shown to prevent EMT in BC cells
by targeting the downregulation of ITGB1,* which is consistent with
our study’s findings. By defining the upstream gene of ITGB1, we
improved the MAT-regulated BC metastatic network and identified
new useful targets and approaches for the development of novel
drugs and their clinical application.

CONCLUSION

In this study, we determined the mechanism of action of MAT in BC
cell proliferation, EMT, and tumor growth in vivo. We determined that
the LINCO1116/miR-9-5p/ITGB1 axis may be the primary pathway
for the prevention of BC development. Our study’s findings may
aid in the development of treatments for BC. Traditional surgical
treatment is gradually being replaced by a comprehensive treatment
approach. In the treatment of tumors, Chinese medicine adjuvant
therapy can not only alleviate the symptoms of fatigue, chronic
pain, anorexia, and insomnia of patients, but also improve their
quality of life and reduce the adverse reactions and complications
associated with chemotherapy, radiotherapy, or targeted therapy.”
MAT adjuvant therapy may improve drug targeting, reduce effects
on non-targets, and increase cost-effectiveness. However, the effects
of MAT on additional in vivo models have yet to be investigated.
Furthermore, given the complex network of BC regulatory pathways,
itis uncertain whether MAT can target tumor stem cells to minimize
recurrence. Thus, further studies on the effect of MAT on various in
vivo induction models are required to validate the anti-BC effect of
MAT. Furthermore, the drug’s efficacy and safety should be examined
via clinical and toxicity testing. Moreover, the dosage of MAT must
be optimized and combined with other treatment modalities such
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FIG. 8. Graphical abstract. Matrine can inhibit the activity, proliferation, migration and invasion of breast cancer cells and intervene in EMT in vitro by
regulating the LINC01116/miR-9-5p/ITGB1 axis, also, it can promote apoptosis, and inhibit the growth of tumor cells in vivo by this axis.

EMT, epithelial-mesenchymal transition.
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as chemotherapy, gene therapy, radiotherapy, phototherapy, and
immunotherapy, to achieve precise treatment for BC in different
patients.
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