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TFAP2A downregulation mediates -

tumor-suppressive effect of miR-8072
in triple-negative breast cancer via inhibiting
SNAIT transcription
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Abstract

Background Triple-negative breast cancer (TNBC) represents a highly aggressive subset of breast malignancies char-
acterized by its challenging clinical management and unfavorable prognosis. While TFAP2A, a member of the AP-2
transcription factor family, has been implicated in maintaining the basal phenotype of breast cancer, its precise regu-
latory role in TNBC remains undefined.

Methods In vitro assessments of TNBC cell growth and migratory potential were conducted using MTS, colony
formation, and EdU assays. Quantitative PCR was employed to analyze mRNA expression levels, while Western blot
was utilized to evaluate protein expression and phosphorylation status of AKT and ERK. The post-transcriptional regu-
lation of TFAP2A by miR-8072 and the transcriptional activation of SNA/T by TFAP2A were investigated through lucif-
erase reporter assays. A xenograft mouse model was employed to assess the in vivo growth capacity of TNBC cells.

Results Selective silencing of TFAP2A significantly impeded the proliferation and migration of TNBC cells, with ele-
vated TFAP2A expression observed in breast cancer tissues. Notably, TNBC patients exhibiting heightened TFAP2A
levels experienced abbreviated overall survival. Mechanistically, TFAP2A was identified as a transcriptional activator
of SNA/T, a crucial regulator of epithelial-mesenchymal transition (EMT) and cellular proliferation, thereby augment-
ing the oncogenic properties of TFAP2A in TNBC. Moreover, miR-8072 was unveiled as a negative regulator of TFAP2A,
exerting potent inhibitory effects on TNBC cell growth and migration. Importantly, the tumor-suppressive actions
mediated by the miR-8072/TFAP2A axis were intricately associated with the attenuation of AKT/ERK signaling cas-
cades and the blockade of EMT processes.
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Conclusions Our findings unravel the role and underlying molecular mechanism of TFAP2A in driving tumorigenesis
of TNBC. Targeting the TFAP2A/SNAIT pathway and utilizing miR-8072 as a suppressor represent promising therapeu-

tic strategies for treating TNBC.
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Background

Breast cancer is the most frequently diagnosed can-
cer among women. It has surpassed lung cancer as the
leading cancer in women since 2020 [1]. Triple-negative
breast cancer (TNBC) is a subtype characterized by the
absence of estrogen and progesterone receptors, the dele-
tion of the human epidermal growth factor 2 receptor,
and notable heterogeneity. Although TNBC represents
a relatively low incidence subtype compared to others, it
exhibits a high recurrence rate, metastatic potential, and
invasiveness, making it the most lethal form of breast
cancer in young women [2]. The median survival for
patients with metastatic TNBC is a mere 1 year statisti-
cally. Treatment for TNBC typically involves chemother-
apy in both early and advanced stages. However, less than
30% of patients with metastatic breast cancer survive
beyond five years after diagnosis, and nearly all patients
with metastatic TNBC eventually succumb to the dis-
ease [3]. Currently, the lack of targeted drug therapies
has prompted an intense search for molecular targets to
effectively treat TNBC.

Transcription factor AP-2a (TFAP2A) is a member
of the AP-2 family of transcription factors that include
five members—TFAP2A (AP-2a), TFAP2B (AP-2f),
TEAP2C (AP-2y), TEAP2D (AP-28), and TFAP2E (AP-
2¢). In tumor models, both TFAP2A and TFAP2C are
important to cell proliferation and migration [4-7]. In
breast cancer, TFAP2C induces expression of ERa as well
as other ERa-associated genes while represses expres-
sion of basal-associated gene [8-10], playing crucial role
in maintaining the luminal phenotype of breast cancer.
Although TFAP2A shares 83% similarity in structure
with TFAP2C, it is reported TFAP2A lacks transcrip-
tional activity at luminal gene promoters, attributed
to SUMOylation of TFAP2A in luminal breast cancer
cells which blocks its ability to induce the expression of
luminal genes but is crucial to maintain the basal breast
cancer subtype [9]. In ER-positive breast cancer, a few
studies have shown that TFAP2A promotes tumor pro-
gression [11, 12]. However, the precise role and mecha-
nism of TFAP2A in TNBC remains unclear.

Epithelial mesenchymal transition (EMT) plays an
essential role in normal embryonic development and is
closely associated with tumor invasion and metastasis
[13, 14]. Previous studies have shown in breast tumors
EMT likely occurs within the basal phenotype, and this

proclivity may be related to the high aggressiveness and
metastatic capacity of these tumors [9, 15-17]. Inducers
of the EMT include several transcription factors, such as
SNAIL, Slug, Zeb1/2, and Twist. Many studies indicates
SNAI1 are highly expressed in TNBC and implicated in
the development and progression of TNBC [18-21], let-
ting it become a target for the treatment and prevention
of TNBC [22]. As an important transcription factor in
maintaining basal-like subtype breast cancer, whether
and how TFAP2A modulates EMT in TNBC is poorly
understood.

MicroRNA (miRNA), a small non-coding RNA that
exists in eukaryotic cells and is a small endogenous reg-
ulatory molecule that regulates gene expression after
transcription. Owing to its important function in regu-
lating cell differentiation, development, and homeostasis,
deregulation of miRNA is associated with an increas-
ing number of human diseases, particularly cancer [23].
Notably, delivery of miRNA by nanoparticles becomes a
potential therapeutic way for effective and personalized
medicine for cancer treatment [24, 25]. Therefore, iden-
tifying miRNAs with effective tumor-suppressive effect
could provide new choice for cancer treatment, which
is more import for TNBC, since it has less therapeutic
choice.

In our current study, we have identified miR-8072 as
a promising candidate for suppressing tumorigenesis in
TNBC. We conducted experiments that demonstrated
the significant impact of miR-8072 on TNBC cell pro-
liferation and migration, highlighting its potential as a
therapeutic inhibitor. Furthermore, our findings indicate
that the downregulation of TFAP2A plays a crucial role
in mediating the tumor-suppressive effects of miR-8072
by inhibiting the EMT process and AKT/ERK signal-
ing pathways. This effect can be partly attributed to the
reduced transcriptional activation of SNAII by TFAP2A,
a critical regulator of the EMT process.

Materials and methods

Cell culture and transfection

Human triple-negative breast cancer cell lines MDA-
MB-231 and BT-549 were cultured in RPMI-1640
Medium (Gibco, USA) with 10% fetal bovine serum (FBS)
(Hyclone, USA). HEK293T cells were cultured in DMEM
medium supplemented with 10% FBS. Cells were main-
tained at 37 °C, 5% CO, in a humidified incubator.
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miR-8072 mimics, inhibitors and the corresponding
control oligos were purchased from RiboBio Biotechnol-
ogy Co. Ltd. (Guangzhou, China). Lentivirus containing
miR-8072 mimics or inhibitors were produced by Gene-
Chem Biotechnology Company (Shanghai, China). siR-
NAs targeting TFAP2A were designed and synthesized
by GenePharma Company (Shanghai, China). The sense
sequences of the siRNAs are as follows: siNC (nega-
tive control), 5'-UUCUCCGAACGUGUCACGUTT-3)

siTFAP2A#1, 5-GCAAGAUCCUUACUCCCACTT-3';
siTFAP2A#2, 5'-CCUGCUCACAUCACUAGUATT-3';
siTFAP2A#3, 5'-CCCAAUGAGCAAGUGACAATT-3"

Cell transfection was performed as described previously
[26]. For viral infection, cells with 30-40% confluence
were transduced with lentivirus aforementioned and
selected with 2 pg/mL puromycin. After two weeks of
screening, cells were maintained in RPMI 1640 complete
medium containing 0.5 pg/mL puromycin.

Antibodies

The AKT(#4691), p-AKT(Ser 473, #9271),
ERK1/2(#4695), p-ERK1/2(#4370), E-cadherin(#3195),
N-cadherin(#13116), Vimentin(#5741), ZEB1(#3396),
Snail(#3879), and HRP-conjugated goat anti-rabbit anti-
bodies were purchased from Cell Signaling Technology
(Beverly, USA). TFAP2A (Ab108311) were purchased
from Abcam (Cambridge, UK). Anti-PCNA(BM0104)
and anti-Ki67(PB9026) antibodies were purchased from
Boster Bioengineering Co., Ltd. (Wuhan, China). The
HRP-conjugated GAPDH (HRP-60004), and p-actin
(HRP-66009) antibodies were obtained from Proteintech
(Chicago, USA). The HRP-conjugated goat anti-mouse
IgG were purchased from ZSGB-BIO (Beijing, China).

EdU assay

Cells were seeded in 96-well plates. After 24 h, the cells
were incubated with EAU solution for 2 h. The medium
was discarded. Cells were fixed with 4% paraformal-
dehyde after washing with PBS. Finally, the cells were
sequentially stained with Apollo® 567 fluorescent dye
and Hoechst 33342, and photographed under the fluores-
cence microscope. EAU positive cell ratio was calculated
to evaluate cell proliferation ability.

MTS assay

Cells were seeded in triplicates at a density of 1x 103
cells per well in a 96-well plate, with each well contain-
ing 100 pl of medium. After 24, 48, 72, 96, and 120 h of
incubation, cell proliferation was assessed using the Cell
Titer 96® Aqueous One Solution Cell Proliferation Assay
(Promega, Madison, WI, USA), following the manufac-
turer’s protocol. Briefly, 20 ul of MTS/PMS solution was
added to each well and incubated for an additional 1-4 h
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at 37 °C in a humidified environment with 5% CO,. The
absorbance at 490 nm was measured using an ELISA
plate reader to quantify cell proliferation. At least tripli-
cate readings were recorded for each time point.

Colony formation assay

Cells were seeded at a density of 1x 103 cells per well in a
6-well or 12-well plate for approximately 2 weeks. After
washing the plate twice with PBS, ice-cold methanol was
added for 15 min to fix the cells. Crystal violet staining
was performed for 30 min followed by rinsing with water
and air-drying the plate upside down. Cell colonies were
observed, photographed, and the number of cells in each
clone was calculated.

Transwell assay

24-well transmembrane chambers, either pre-coated or
uncoated with matrix gel, were utilized. The lower cham-
ber was filled with 650 pL of RPMI 1640 culture medium
supplemented with 20% fetal bovine serum. In the upper
chamber, 2 x 10* cells (for migration assay) or 4 x 10* cells
(for invasion assay) of MDA-MB-231 or BT-549 cells in
serum-free RPMI 1640 medium were added. Following
a 24-h (for migration assay) or 48-h (for invasion assay)
incubation period, cells that migrated or invaded into the
lower chambers were fixed with methanol, stained with
crystal violet and counted.

Wound healing assay

Cells were plated in 6-well plates to achieve near-com-
plete cell fusion within 24 h. The cell layer was gently
scratched using the tip of a 10 pl pipette, and the medium
was replaced with PBS. A reference mark was made at the
bottom of the 6-well plate to indicate the initial scratch
location. Images of the scratch were captured under a
microscope. The PBS was then discarded and replaced
with fresh medium to resume culture. Microscopic
images of the same area were taken at 12-h or 24-h inter-
vals to monitor the progression of the scratch closure.

Xenograft mouse model

MDA-MB-231 cells, with or without miR-8072 over-
expression, were subcutaneously injected into 4-week-
old female BALB/c nude mice maintained under SPF
conditions. Each injection consisted of 5x 10° cells sus-
pended in 0.1 ml of PBS per mouse. The length (L) and
width (W) of each resulting tumor were measured every
7 days using calipers. Tumor volume was calculated using
the formula: L x W?2x0.52. After five weeks of inocula-
tion, the mice were euthanized, and the tumors were
excised, weighed, and photographed for further analy-
sis. The maximum diameter in any dimension of the
tumor masses measured is less than 1.5 cm. All animal
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experiments were conducted following the institutional
ethical guidelines on animal care and approved by the
Ethics Committee of Ningxia Medical University.

Immunohistochemistry staining and western blot analysis
Immunohistochemistry staining and western blot analy-
sis were conducted following previously established pro-
tocols, as described in previous studies [26].

Quantitative real-time PCR

Total RNA was extracted from the cells using Trizol rea-
gent. 1 pg of each RNA sample was reverse transcribed
using the PrimeScript’ RT Master Mix kit (#RR036A,
TaKaRa, Japan). Real-time fluorescence quantitative PCR
experiments were then performed using SYBR® Pre-
mix Ex Taq  II kit (#RR820A, TaKaRa, Japan). Primer
sequences used in the experiment includes TFAP2A-for-
ward: 5'-AAGTCAATCTCCCTACACGAG-3', TFAP2A-
reverse: 5'-GGAGTAAGGATCTTGCGACTGG-3;
SNAII-forward: 5-TCGGAAGCCTAACTACAGCGA-
3",  SNAIl-reverse: 5-AGATGAGCATTGGCAGCG
AG-3; GAPDH-forward: 5-GGACTCATGACCACA
GTCCA-3', GAPDH-reverse: 5-CCAGTAGAGGCA
GGGATGAT-3'. GAPDH was used as an internal control
to normalize the gene expression levels. The data were
analyzed using the 2724 formula, which allows for rela-
tive quantification of target gene expression levels.

Luciferase reporter assay

To confirm TFAP2A as the target gene of miR-8072, the
3'UTR sequence of TFAP2A was inserted into the pmir-
GLO vector (Promega, Madison, W1, USA) to generate
the wild-type luciferase reporter vector, designated as
TFAP2A-WT. Additionally, a mutant vector was con-
structed with mutations introduced into the 3'UTR
region at the binding site of miR-8072, named TFAP2A-
mut. miR-8072 mimics (or mimics control) and either
TFAP2A-WT or TFAP2A-mut were co-transfected into
HEK293T cells using Lipofectamine 2000. After 48 h,
luciferase activity in the transfected cells was measured
using a dual luciferase reporter gene assay kit (Promega,
Madison, WI, USA) according to the manufacturer’s
instruction.

To validate the transcriptional regulation of SNAII
by TFAP2A, a luciferase reporter plasmid containing
the promoter sequences of SNAI1 (- 1977 to+23) was
constructed. HEK293T cells were co-transfected with a
TFAP2A-overexpressing vector (or an empty vector as
control) and the luciferase reporter plasmid using Lipo-
fectamine 2000 transfection reagent. After 48 h, the
firefly luciferase activity was assessed in the transfected
cells using the Firefly Luciferase Reporter Gene Assay Kit
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(Beyotime Biotechnology, Shanghai, China) following the
manufacturer’s instruction.

Survival analysis

The association between miR-8072 expression levels and
overall survival of breast cancer patients was investigated
using the Kaplan—Meier plotter database (https://kmplot.
com/analysis/index.php?p=service&cancer=breast_
mirna) [27], an online survival analysis platform. The
association between TFAP2A expression levels and over-
all survival of breast cancer patients was analyzed using
Kaplan—Meier plotter database (http://kmplot.com/analy
sis/index.php?p=service&cancer=breast_rnaseq_gse96
058) [28].

Statistical analysis

Statistical analysis was conducted using GraphPad Prism
version 8.0 software (GraphPad, San Diego, CA, USA).
The data are presented as mean + standard deviation (SD)
from at least three independent biological experiments or
samples. The two-tailed Student’s t-test for independent
samples was employed to determine the significance of
differences between two groups. A P-value less than 0.05
was considered statistically significant.

Results

miR-8072 hinders TNBC tumor progression in vivo

and correlates with better prognosis in TNBC

Previously, in a comparative analysis of constructed
MDA-MB-231 cell lines with varying proliferation and
migration capacities, we observed a significant and pro-
nounced upregulation of miR-8072 in cells exhibiting
reduced proliferation and migration abilities (data not
shown), which promoting us to explore whether miR-
8072 is a crucial tumor-suppressor in breast cancer.
To address it, we initially analyzed the levels of miR-
8072 between breast cancer patients and non-cancer
controls using a GEO dataset (GSE73002). Unexpect-
edly, compared with non-cancer controls, serum lev-
els of miR-8072 was increased in breast cancer patients
(Fig. 1A). Furthermore, we also found a negative corre-
lation between miR-8072 expression and the overall sur-
vival (OS) of breast cancer patients in the Kaplan—Meier
plotter database (Fig. 1B, upper panel), which is not
consistent with our original speculation. Given that the
MDA-MB-231 cell line represents a triple negative breast
cancer (TNBC) cell line, we were intrigued to investi-
gate whether miR-8072 exhibits unique functionality in
TNBC. As shown in Fig. 1B (lower panel), TNBC patients
exhibiting elevated miR-8072 expression levels demon-
strated a significantly prolonged overall survival (OS)
compared to those with low miR-8072 expression. For
further validation, we investigated the effect of miR-8072
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on the in vivo growth of MDA-MB-231 cells. Remark-
ably, the tumor masses derived from MDA-MB-231 cells
with overexpressed miR-8072 exhibited significantly
diminished size, volume, and weight when compared to
the control cells (Fig. 1C and D). Furthermore, there was
a notable decrease in the expression of Ki-67, a specific
marker for cell proliferation, in the tumor masses formed
from cells overexpressing miR-8072 (Fig. 1E). Collec-
tively, these findings substantiate the tumor-suppressive
function of miR-8072 in TNBC, highlighting its utility as
a valuable prognostic indicator indicative of a favorable
outcome in TNBC.

miR-8072 inhibits activation of AKT/ERK signaling

and suppresses proliferation of TNBC cells

To investigate the impact of miR-8072 on the prolif-
erative capacity of TNBC cells, we overexpressed or
functionally inhibited miR-8072 in MDA-MB-231 and
BT-549 cell lines. Subsequently, we assessed the pro-
liferative potential of TNBC cells using various meth-
odologies. The results obtained from the MTS assay
demonstrated that miR-8072 overexpression significantly
inhibited the growth of both MDA-MB-231 and BT-549
cells compared to the control cells (Fig. 2A, B). Whereas,
functional inhibition of miR-8072 promoted the growth
of MDA-MB-231 cells (Supplementary Fig. 1A). The
colony formation assay revealed a substantial reduction
in the number of colonies formed by TNBC cells overex-
pressing miR-8072 (Fig. 2C). Conversely, functional inhi-
bition of miR-8072 led to an increase in colony formation
in MDA-MB-231 cells (Supplementary Fig. 1B).

To further validate the impact of miR-8072 on the
proliferation ability of TNBC cells, we conducted EAU
experiments. The results clearly indicated a significant
decrease in the number of EdU-positive cells in both
MDA-MB-231 and BT-549 cells overexpressing miR-
8072 compared to the control cells (Fig. 2D). Conversely,
functional inhibition of miR-8072 in MDA-MB-231 cells
exhibited an opposite phenomenon (Supplementary
Fig. 1C). Furthermore, at the molecular level, we found

(See figure on next page.)
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the downregulation of Ki67 and PCNA proteins and
decreased activation of AKT and ERK signaling, which
are associated with proliferation, following miR-8072
overexpression in both MDA-MB-231 and BT-549 cells
(Fig. 2E and F). Conversely, functional inhibition of miR-
8072 in MDA-MB-231 cells upregulated the expression
levels of proliferation-related markers and activated AKT
and ERK signaling (Supplementary Fig. 1D).

Taken together, these findings strongly indicate that
miR-8072 exhibits inhibitory effects on the proliferation
ability of TNBC cells.

miR-8072 suppresses EMT progression and migration

of TNBC cells

As a highly invasive and metastatic subtype of breast
cancer, TNBC is often associated with poor prognosis
and lacks effective therapeutic strategies targeting its
invasion and metastasis. Since miR-8072 is positively
correlated with favorable prognosis of TNBC, we then
investigated whether miR-8072 could affect migration
and invasion abilities of TNBC cells. The transwell assay
demonstrated that overexpression of miR-8072 led to
a significant decrease in both migration and invasion
abilities of MDA-MB-231 and BT-549 cells at the verti-
cal level, compared to the control group (Fig. 3A and B).
Conversely, functional inhibition of miR-8072 in MDA-
MB-231 cells significantly increased their migration and
invasion abilities at the vertical level (Supplementary
Fig. 2A and B). Moreover, the results obtained from the
scratch wound healing assay revealed a significant reduc-
tion in the horizontal migration ability of MDA-MB-231
and BT-549 cells overexpressing miR-8072 compared to
control cells (Fig. 3C). Conversely, functional inhibition
of miR-8072 enhanced the horizontal migration ability of
MDA-MB-231 cells (Supplementary Fig. 2C).

EMT is a critical process in tumor progression and
metastasis. TNBC is particularly prone to undergoing
EMT-associated molecular changes, further emphasiz-
ing the significance of this process in driving its aggres-
sive behavior and metastatic potential. Therefore, we

Fig. 1 miR-8072 suppresses TNBC tumor progression and predicts favorable prognosis. (A) Serum levels of miR-8072 in breast cancer, benign
breast disease, and non-cancer samples were analyzed using data from GEO (GSE73002) (**P<0.01). B The relationships between miR-8072

level and overall survival (OS) in breast cancer patients were analyzed using public database Kaplan-Meier plotter (https://kmplot.com/analy
sis/index.php?p=service&cancer=breast_mirna). 1062 breast cancer patients were included, 525 cases were in miR-8072 low-expression cohort,
and 537 cases were in miR-8072 high-expression cohort. The median survival for the high-expression cohort of miR-8072 is 115.4 months,

while it is 148.53 months for the low-expression cohort of miR-8072 (upper panel). 97 TNBC patients were included for analysis. Among them, 28
cases were in miR-8072 low-expression cohort, and 69 cases were in miR-8072 high-expression cohort. The upper quartile survival for cohorts
with high-expression of miR-8072 is 98.83 months, while it is 36.43 months for cohorts with low-expression of miR-8072 (lower panel). C
MDA-MB-231 cells with stably overexpressed miR-8072 or control (Ctrl) cells were subcutaneously implanted in nude mice, tumor volume were
measured every 7 days. D Tumor nodules were collected and weighed 35 days later after implantation. E Expression of Ki67 in the tumor nodules

was detected by immunohistochemistry
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and BT-549 cells after miR-8072 was overexpressed. E Western blot analysis depicting the expression levels of proliferation-related protein levels
or activation status in MDA-MB-231 cells and F BT-549 cells after miR-8072 was overexpressed
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proceeded to investigate changes in EMT process follow-
ing modulation of miR-8072 expression or function. As
shown in Fig. 3D, cells overexpressing miR-8072 exhib-
ited a more compact and organized epithelial-like mor-
phology compared to control cells in both MDA-MB-231
and BT-549 cell lines. At the molecular level, overexpres-
sion of miR-8072 demonstrated a significant upregula-
tion in E-cadherin expression, which is a hallmark of
epithelial phenotype, while concurrently causing a down-
regulation in the expression levels of markers associated
with the mesenchymal phenotype, including N-cadherin,
Vimentin, and ZEB1, in both MDA-MB-231 and BT-549
cells (Fig. 3E). Conversely, functional inhibition of miR-
8072 in MDA-MB-231 cells exhibited contrasting effects,
signifying a shift towards a more mesenchymal-like phe-
notype after inhibiting miR-8072 in TNBC cells. (Sup-
plementary Fig. 2D). Collectively, these findings highlight
the crucial involvement of miR-8072 in suppressing
EMT-related events and further contributes to the sup-
pression of cellular plasticity and invasive capabilities,
ultimately inhibiting the migratory and invasive behavior
of TNBC cells.

TFAP2A is a target gene of miR-8072 associated

with unfavorable prognosis in TNBC

To gain insights into the mechanisms underlying the
anti-tumor effects of miR-8072 in TNBC, we probed to
identify the target gene regulated by miR-8072 during
this process. Through a comprehensive bioinformatics
analysis utilizing multiple databases, TFAP2A emerged as
a particularly intriguing candidate due to its crucial role
in maintaining the basal-like phenotype of breast cancer
[9] (Fig. 4A). In ER-positive breast cancer, a few studies
have shown that TFAP2A promotes tumor progression
[11, 12]. However, the involvement of TFAP2A in TNBC
remains largely unexplored. Upon analyzing the genomic
alterations of TFAP2A in breast cancer using data from
TCGA available at http://cbioportal.org, we observed
that the most common alteration for TFAP2A is gene
amplification (Fig. 4B). This finding further supports the
notion that TFAP2A acts as an oncogene in breast cancer.
Consistently, comparing with corresponding normal tis-
sues, TFAP2A mRNA and protein levels are upregulated

(See figure on next page.)
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in breast cancer (Fig. 4C and D). To validate the regula-
tory relationship between miR-8072 and TFAP2A, we
firstly evaluated the impact of miR-8072 on TFAP2A
expression levels, which showed that TFAP2A pro-
tein level is reduced after overexpression of miR-8072,
but elevated when miR-8072 was functionally inhibited
(Fig. 4E, Supplementary Fig. 3A). Luciferase reporter
assay further confirmed a direct interaction between
miR-8072 and the 3'UTR of TFAP2A. Specifically, trans-
fection of miR-8072 mimics significantly suppressed the
relative luciferase activity of the TFAP2A-WT reporter
compared to control mimics. Importantly, this inhibitory
effect was abolished when the nucleotides of TFAP2A
3'UTR binding to the seed sequence of miR-8072 was
mutated (Fig. 4F, Supplementary Fig. 3B).

To specifically explore the potential role of TFAP2A
in TNBC, we investigated the TFAP2A protein levels in
different subtypes of breast cancer. As shown in Fig. 4G,
HER?2 positive breast cancer has a highest expression
of TFAP2A, which is consistent with the reports that
TFAP2A could regulate HER2 expression [29]. TNBC
also has a relative high expression of TFAP2A. Although,
TFAP2A is highly expressed in luminal breast cancer,
SUMOylation endowed to TFAP2A hinders its transcrip-
tional activation on luminal-type associated genes [9].
Furthermore, we analyzed association between TFAP2A
expression and prognosis of breast cancer using sur-
vival analysis. Interestingly, among all the breast cancer
subtypes, we observed a negative correlation between
TFAP2A expression and patients’ overall survival time
in basal-like breast cancer, whereas a positive correlation
was observed in luminal B breast cancer (Fig. 4H, Sup-
plementary Fig. 3C).

Taken together, the aforementioned results demon-
strate TFAP2A is a significant target gene of miR-8072
and potentially functions as an oncogene in TNBC.

The tumor-promoting role of TFAP2A and its functional
interplay with miR-8072

Building upon our previous findings regarding the
anti-tumor effects of miR-8072, we conducted fur-
ther investigations to validate the involvement of
TFAP2A in TNBC. Silencing TFAP2A using siRNAs in

Fig. 3 miR-8072 suppresses migration and invasion of TNBC cells via inhibiting EMT Progression. A Transwell assay demonstrating the effect

of miR-8072 overexpression on the migration and B invasion abilities of MDA-MB-231 and BT-549 cells after miR-8072 was overexpressed.
Representative images of migrated and invaded cells through the porous membrane are shown. C Scratch wound healing assay showing

the migratory capacity of MDA-MB-231 and BT-549 cells with miR-8072 overexpression or control. Representative images were captured at 0,

24 and 48 h post-scratch. D Representative images depicting cellular morphology of MDA-MB-231 and BT-549 cells with or without miR-8072
overexpression, as observed under a fluorescence microscope. E Western blot analysis depicting the expression levels of E-cadherin, N-cadherin,
Vimentin, and ZEB1 proteins in MDA-MB-231 and BT-549 cells with and without miR-8072 overexpression
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MDA-MB-231 and BT-549 cells significantly reduced
cell proliferation, as observed through MTS assay,
colony formation assay, and EdU assay (Fig. 5A-C,
Supplementary Fig. 4). Western blot analysis further
supported these results, revealing downregulation of
proliferation-related proteins Ki67, as well as inhibited
activation of AKT and ERK signaling, upon TFAP2A
silencing (Fig. 5D, E).

In terms of cell migration, both wound healing and
transwell assays demonstrated a significant decrease
in the migratory ability of TFAP2A-silenced MDA-
MB-231 and BT-549 cells, compared to control cells
(Fig. 6A-D). Western blot analysis revealed changes
in protein expression levels associated with EMT,
with upregulation of E-cadherin and downregulation
of N-cadherin, Vimentin, and ZEB1 upon TFAP2A
knockdown in MDA-MB-231 and BT-549 cells, indi-
cating a suppression of the EMT process (Fig. 6E and
E).

In order to determine the involvement of TFAP2A
in miR-8072-mediated action on proliferation and
migration of TNBC cells, we performed a rescue assay.
MDA-MB-231 cells were transfected with siTFAP2A
or siNC in the presence or absence of miR-8072 func-
tional inhibition to investigate their interplay on cell
proliferation and migration. The results indicated
functional inhibition of miR-8072 enhanced the pro-
liferation and migration capabilities of MDA-MB-231
cells; silencing TFAP2A could mitigate the stimulatory
effects of miR-8072 inhibition on the proliferation and
migration of the cells (Fig. 7A and B, supplementary
Fig. 5A). Similarly, the inhibitory impact of miR-8072
on the proliferation and migration of BT-549 cells
could be alleviated by TFAP2A overexpression (Fig. 7C
and D, supplementary Fig. 5B).

Collectively, the aforementioned results not only
provide compelling evidence for a tumor-promot-
ing role of TFAP2A in TNBC, but also indicate that
TFAP2A is intricately associated with miR-8072-me-
diated suppression on proliferation and migration of
TNBC cells, highlighting the continuous functional
cascade initiated by miR-8072 in suppressing tumor
progression.

(See figure on next page.)

Page 10 of 19

Transcriptional activation of SNA/7 by TFAP2A

is suppressed by miR-8072

Next, we asked how TFAP2A regulates TNBC prolifera-
tion and migration. Given TFAP2A is a transcription fac-
tor, our focus was on identifying potential target genes
that are transcriptionally regulated by TFAP2A. Using
the cistrome data browser, we found SNAII, a critical
player in EMT and cell proliferation regulation, is one of
the top ten putative targets of TFAP2A based on a ChIP-
seq data (Supplementary Fig. 6A). The DNA sequence
motif recognized by TFAP2A is depicted in Fig. 8A.
Furthermore, we found the presence of four potential
TFAP2A binding sites within the SNAII promoter region
(Fig. 8B). In addition, by analyzing several ChIP-Seq data
sets, we observed a noticeable enrichment of TFAP2A
on the promoter of SNAII, which is colocalized with
H3K27Ac peaks, a marker of transcriptional activation,
within SNAII promoter region (Fig. 8C). For further vali-
dation, we conducted luciferase reporter assay to validate
the transcriptional regulation of SNAII by TFAP2A. The
results showed that co-transfection of a TFAP2A-over-
expressing vector with a firefly luciferase reporter vec-
tor containing SNAII promoter could obviously enhance
luciferase activity in HEK293T cells when compared to
cells transfected with empty vector. Conversely, silenc-
ing TFAP2A exhibited an opposite effect (Fig. 8D), pro-
viding compelling evidence that SNAII is a target gene
of TFAP2A. Furthermore, the mRNA and protein levels
of SNAII were remarkably decreased after silencing of
TEAP2A in TNBC cells (Fig. 8E, Supplementary Fig. 6B).
Conversely, TEAP2A overexpression led to an upregula-
tion of SNAII mRNA and protein levels (Fig. 8F). There-
fore, these results indicate that TFAP2A transcriptionally
regulates expression of SNAII.

To further investigate the relationship between SNAII
and miR-8072-mediated downregulation of TFAP2A,
we assessed the impact of miR-8072 on the expres-
sion of SNAII at both the mRNA and protein levels. As
shown in Fig. 8G and H, overexpression of miR-8072
led to a suppression of SNAII expression. Crucially, the
rescue experiments further revealed that knockdown
of TFAP2A attenuated elevation of SNAII expression
induced by miR-8072 functional inhibition (Fig. 8I).

Fig. 4 TFAP2Ais a target gene of miR-8072 and is associated with unfavorable prognosis in TNBC. A Venn diagram depicting common putative
targets of miR-8072 through bioinformatics analysis using the miRWalk, TargetScan, and miRDB databases. B TFAP2A gene alteration across different
breast cancer cohorts in the TCGA database. C Comparison of TFAP2A mRNA expression between breast cancer and normal tissues using

the GEPIA database. D Comparison of TFAP2A protein levels between breast cancer and normal tissues using the UALCAN database. E Evaluation
of TFAP2A protein levels upon modulation of miR-8072 expression in BT-549 cells. F Luciferase reporter assay confirming a direct interaction
between miR-8072 and the 3'UTR of TFAP2A. G Analysis of TFAP2A protein expression in different breast cancer subtypes. H Survival analysis
indicating a negative correlation between TFAP2A expression and overall survival in basal-like breast cancer
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These results provide additional support for the role of
the miR-8072/TFAP2A axis in modulating SNAII.

In conclusion, the above experimental results collec-
tively suggest that TFAP2A downregulation mediates
tumor-suppressive effect of miR-8072 in TNBC cells via
inhibiting SNAII transcription and EMT progression, as
well as activation of AKT and ERK signaling (Fig. 7C).
These findings provide further insights into the intri-
cate regulatory mechanisms governing TNBC progres-
sion and highlight potential avenues for therapeutic
intervention.

Discussion

As a highly invasive and metastatic subtype of breast
cancer, triple-negative breast cancer (TNBC) is often
associated with poor prognosis and lacks effective thera-
peutic strategies targeting its invasion and metastasis.
Therefore, exploring the molecular mechanisms regulat-
ing TNBC invasiveness and metastasis is of significant
importance, and miR-8072 has emerged as a potential
regulatory factor of interest in our preliminary screen-
ing. Studies on miR-8072 is very limited, and its involve-
ment in disease is not clear. One research reporting that
miR-8072 is associated with shorter survival in gastric
cancer [30]. We found serum levels of miR-8072 are
increased in breast cancer in comparison to non-cancer
individuals and benign breast disease, and high expres-
sion of miR-8072 is associated with shorten overall sur-
vival in breast cancer. Interestingly, in TNBC, miR-8072
appears to serve as a better prognostic indicator; patients
with high miR-8072 expression had longer overall sur-
vival time. Through further validation, we confirmed
miR-8072 functions as a tumor suppressor in TNBC, as
indicated by its inhibitory effects on proliferation, migra-
tion and invasion of TNBC cells. In light of the recent
breakthroughs in nanoparticle-based delivery systems,
particularly in the context of miRNAs/siRNAs or com-
pounds, including exosomes, as therapeutic agents for
disease treatment [31-33], the potential of miR-8072 as
a remarkable and efficacious therapeutic molecule for
TNBC holds immense promise.

In our endeavor to unravel the mechanism underly-
ing the inhibitory effect of miR-8072 on tumorigenesis
in TNBC, we conducted an analysis to identify potential
targets of miR-8072, ultimately identifying TFAP2A as a

(See figure on next page.)
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noteworthy candidate due to its known roles in cancer
development and progression, particularly in different
subtypes of breast cancer. TFAP2A stands as a promi-
nent member among the five mammalian counterparts
belonging to the AP-2 family of transcription factors
[34]. Genes harboring AP-2-binding sites within their
promoter regions play pivotal roles in critical biologi-
cal processes, including cell growth and differentiation.
Consequently, AP-2 proteins serve as crucial gatekeepers
that delicately balance proliferation and differentiation
during embryogenesis [34]. Notably, enhanced levels of
AP-2 have been observed across diverse types of cancer,
further highlighting their significance in tumorigenesis
[6, 35, 36]. TFAP2A has been suggested to function as a
tumor suppressor in many cancers, but recently, many
studies reported the tumor-promoting effects of TFAP2A
in different cancer types. For instance, TFAP2A poten-
tiates lung adenocarcinoma metastasis and stimulates
angiogenesis in lung cancer cells with acquired resist-
ance to anlotinib [37, 38]; TFAP2A-mediated activa-
tion of E2F and EZH2 drives melanoma metastasis [39].
TFAP2A, along with TFAP2B and TFAP2C, are known to
be expressed in breast tissue and coordinated the growth
and development of the breast via regulation of several
breast-related genes such as human epidermal growth
factor receptor-2(HER2) and estrogen receptor (ER) [40—
43]. In contrast to TFAP2C, extensive research indicates
that TFAP2A plays a significant tumor suppressive role
in breast tissues, exhibiting functions crucial for growth
suppression and maintenance of the differentiated state
[43-45]. Recent evidence suggests that TFAP2A may
promote the progression of breast cancer [11]. Of note,
in luminal breast cancer subtypes, TFAP2A has been
found to exhibit reduced transcriptional activity on lumi-
nal genes due to its high sumoylation level. However, it
plays a critical role in maintaining the basal breast can-
cer subtype. In the present study, we specifically investi-
gate the role of TFAP2A in TNBC, and found TFAP2A
expression is negatively associated with overall sur-
vival of TNBC patients; whereas in Luminal B subtype
breast cancer, high expression of TFAP2A indicates a
favorable outcome. These findings imply a notable diver-
gence in the transcriptional regulatory role and func-
tion of TFAP2A across different breast cancer subtypes.
Through functional experiments, we found TFAP2A

Fig. 7 TFAP2A mediates tumor-suppressive effects of miR-8072 in TNBC cells. MDA-MB-231 cells were transfected with siTFAP2A or siNC

in the presence or absence of miR-8072 functional inhibition, subsequently, A colony formation assay was performed to assess cell proliferation
ability, and B transwell assay was used to evaluate cell migration. C Colony formation assay and D transwell assay were conducted to evaluate
the influence of TFAP2A overexpression on the proliferation and migration abilities of miR-8072-overexpressing BT-549 cells. E Working model
illustrating the tumor-suppressive effect of miR-8072 through TFAP2A downregulation-mediated transcriptional inhibition of SNA/T in TNBC cells
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promotes proliferation and migration of TNBC cells, and
the tumor-suppressive effects of miR-8072 in TNBC are
mediated through post-transcriptional downregulation
of TFAP2A.

SNAIIL, also known as snail family transcriptional
repressor 1 (SNAIL1), plays a crucial role in breast can-
cer progression and metastasis [18-20, 46]. As a tran-
scriptional repressor, SNAI1 is known for its ability to
repress E-cadherin expression and promote the acquisi-
tion of a mesenchymal phenotype during EMT, a process
that confers increased invasive and migratory properties
to cancer cells. In addition, SNAI1 may indirectly influ-
ence cell proliferation by modulating various down-
stream signaling pathways [47, 48]. In this study, we
have identified SNAII as a direct target gene of TFAP2A,
which is transcriptionally activated by TFAP2A. We fur-
ther demonstrate that miR-8072-mediated downregula-
tion of TFAP2A leads to decreased SNAII expression,
thereby exerting a suppressive effect on the EMT process

(See figure on next page.)

Page 16 of 19

in TNBC. These findings not only reinforce the pivotal
role of the miR-8072/TFAP2A axis in the suppression
of TNBC, but also highlight its potential as a promising
therapeutic target for this aggressive subtype of breast
cancer.

Conclusion

Our study provides compelling evidence supporting the
inhibitory role of miR-8072 in both the proliferation
and migratory/invasive ability of TNBC. These effects
are achieved by downregulating TFAP2A, which subse-
quently inhibits the transcription of SNAII. Our find-
ings not only unravel a previously unrecognized role and
mechanism underlying the anti-tumorigenic properties
of miR-8072 in TNBC, but also present the potential of
miR-8072 as a promising molecular biomarker or thera-
peutic target for TNBC. Additionally, the discovery of
TFAP2A as a transcription activator of SNAII enhances
our understanding of the complex molecular pathways
involved in TNBC progression, emphasizing TFAP2A as
a key regulator in this aggressive subtype of breast cancer.

Fig. 8 Transcription of SNA/T is repressed by miR-8072/TFAP2A axis. A DNA sequence motif recognized by TFAP2A were obtained in JASPAR
database. B Schematic showing the putative TFAP2A-binding sites within SNAIT promoter region. C TFAP2A enrichment on the SNA/T promoter
were analyzed using public ChIP-Seq database (http://dc2.cistrome.org). D Luciferase reporter assay demonstrating the transcriptional regulation
of SNAIT by TFAP2A. E mRNA and protein expression levels of SNAIT were measure by gRT-PCR and western blot, after TFAP2A was silenced

in MDA-MB-231 cells or F overexpressed in BT-549 cells. G mRNA and protein expression levels of SNA/T were measure by gRT-PCR and western
blot after miR-8072 was overexpressed in MDA-MB-231 cells or H BT-549 cells. I SNAIT mRNA levels were determined in MDA-MB-231 cells

after transfection with siTFAP2A or siNC in the presence or absence of miR-8072 functional inhibition


http://dc2.cistrome.org

Fang et al. Breast Cancer Research (2024) 26:103

A

Matrix ID: MA0003.4

2.0
15
gw
05
C
0.0 = A S=_s=h A L=
12345678 910 111213
Matrix ID: MA0872.1
2.0
15
g

1.0
1 C
00 =C To. OA =

123 456 7 8 910 111213

C

B

SNAI1 promoter

chr20:49,981,700-49,981,711

I TFAP2A-binding site

chr20:49,982,014-49,982,026

CACCCCCGGGCC ACCCCTCCGGGCA 7SS
N
TGCCCTTGAGGCA CTTCCCTCGGGCCT

D

25000

Scale t

chv20: 49,985,000]
4za272_

438904

)
407076

36958_treatbw

)
478724

45753_treat bw

TFAP2A ChlP
2401_treatbw
(R,
2402_treatbw ‘
.

o
614761

0
471088

56821_treatbw

‘GENCODE V43

k|
A

~= 7, i
ah

Layered H3K27Ac HaK27)

o
6\ ° 1.2
Q",b H
> & -
& & (kpa) 2,
€
3 04
MDA-MB-231 @00
°
3
<
z
['4
€
2
3
2
g
&

Fig. 8 (Seelegend on previous page.)

chr20:49,981,960-49,981,972

20000

+

+

25

20

15

10

5

o

N

o

@

°

kS

o
o

2 = 2
'% 20000 -,_-2, 15000
T 45000 s
g g 10000
S 10000 i
2 2
g 5000 g 5000
- o 0
EV + - + - siNC
TFAP2ACE - + - + SiTFAP2A
pGL3 basic + + - - pGL3 basic
SNAI1 promoter - - + +  SNAI1 promoter
N SV
£ R
o &g
O LKL
> & & (kDa) g
@
snat [ ot e
[4
] e
MDA-MB-231
O‘(/
F i
RPAS
& & (kpa) _
swait [ B3 £
z
F|ag-TFAP2AE|—55 £
2
GAPDH[= =} 35 &
ke | BT-549
H AV
— N & 3
R @
S & (kpa) 3
[4
SNAIM[*™® 25 E
3
w
GAPDH| ™= ==|35 ¢
Girl miR 5072 BT-549 &
s UL = Ctri+siNC
’ | e— B Ctrl+siTFAP2A
|L| B miR-8072i+siNC
10 B miR-8072i+siTFAP2A
0.5
0.0

s

chr20:49,982,090-49,982,103

*k
J I yLv

-+ -
+ - +
+ - -

- + +

m siNC

W siTFAP2A#1

o ok
[
B

TFAP2A SNAI1

m EV
B TFAP2A OE

ok
[
*
[

TFAP2A SNAI1

Ctrl miR-8072

Page 17 of 19



Fang et al. Breast Cancer Research (2024) 26:103

Abbreviations

TNBC Triple-negative breast cancer
EMT Epithelial-mesenchymal transition
TFAP2A  Transcription factor AP-2a

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513058-024-01858-x.

Additional file 1.
Additional file 2.

Acknowledgements
Not applicable.

Author contributions

Y.G, PL, and YL. performed the study concept and design; Y.F, YW, HM, Y.G.,
RX, X.C, X.C,and Y.L provided technical and material support; Y.F, YW, HM,,
Y.G., RX, and X.C. provided acquisition, analysis, and interpretation of data,
and statistical analysis; Y.F. and Y.G. wrote the original draft; .G, PL, and Y.L.
performed review and revision of the paper. All authors read and approved
the final paper.

Funding

This work was supported by grants from the National Natural Science Founda-
tion of China (U22A20319, 81872395, 81660486), the Natural Science Founda-

tion of Ningxia (2022AAC02027), the Key Research and Development Projects

in Ningxia Hui Autonomous Region (2023BEG02033).

Availability of data and materials
All data generated or analyzed during this study are included in this published
article and its supplementary information files.

Declarations

Ethics approval and consent to participate

The study was reviewed and approved by the Ethics Committee of Ningxia
Medical University. All animal experiments were conducted following the
institutional ethical guidelines on animal care and approved by Ningxia Medi-
cal University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Key Laboratory of Fertility Preservation and Maintenance of Ministry of Edu-
cation, Department of Biochemistry and Molecular Biology, School of Basic
Medical Sciences, Ningxia Medical University, Yinchuan, China. ?Oncology
Department of Cancer Hospital, General Hospital, Ningxia Medical University,
Yinchuan, China. *Department of Pediatrics, Ruijin Hospital, Shanghai Jiao
Tong University School of Medicine, Shanghai, China. “Central Laboratory

of People’s Hospital of Ningxia Hui Autonomous Region, Yinchuan, China.
®National Health Commission Key Laboratory of Metabolic Cardiovascular
Diseases Research, Ningxia Medical University, Yinchuan, China.

Received: 13 February 2024 Accepted: 12 June 2024
Published online: 18 June 2024

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and

20.

21.

Page 18 of 19

mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

Harbeck N, Gnant M. Breast cancer. Lancet. 2017;389(10074):1134-50.
Bianchini G, Balko JM, Mayer IA, Sanders ME, Gianni L. Triple-negative
breast cancer: challenges and opportunities of a heterogeneous disease.
Nat Rev Clin Oncol. 2016;13(11):674-90.

Orso F, Penna E, Cimino D, Astanina E, Maione F, Valdembri D, Giraudo E,
Serini G, Sismondi P, De Bortoli M, Taverna D. AP-2alpha and AP-2gamma
regulate tumor progression via specific genetic programs. FASEB J Off
Publ Fed Am Soc Exp Biol. 2008;22(8):2702-14.

He J, Dong C, Zhang H, Jiang Y, Liu T, Man X. The oncogenic role of
TFAP2A in bladder urothelial carcinoma via a novel long noncoding RNA
TPRG1-AS1/DNMT3A/CRTACT axis. Cell signal. 2023;102: 110527.

Cao L, Wang S, Zhang Y, Wong KC, Nakatsu G, Wang X, Wong S, Ji J, Yu J.
Zinc-finger protein 471 suppresses gastric cancer through transcription-
ally repressing downstream oncogenic PLS3 and TFAP2A. Oncogene.
2018;37(26):3601-16.

Franke CM, Gu VW, Grimm BG, Cassady VC, White JR, Weigel RJ, Kulak
MV.TFAP2C regulates carbonic anhydrase Xll in human breast cancer.
Oncogene. 2020;39(6):1290-301.

Cyr AR, Kulak MV, Park JM, Bogachek MV, Spanheimer PM, Woodfield GW,
White-Baer LS, O'Malley YQ, Sugg SL, Olivier AK, Zhang W, Domann FE,
Weigel RJ. TFAP2C governs the luminal epithelial phenotype in mammary
development and carcinogenesis. Oncogene. 2015;34(4):436-44.
Bogachek MV, Chen Y, Kulak MV, Woodfield GW, Cyr AR, Park JM, Spanhe-
imer PM, Li'Y, Li T, Weigel RJ. Sumoylation pathway is required to maintain
the basal breast cancer subtype. Cancer Cell. 2014;25(6):748-61.

. GaoY,Chen L, HanY,Wu F,Yang WS, Zhang Z, Huo T, Zhu Y, Yu C, Kim H,

Lee M, Tang Z, Phillips K, He B, Jung SY, Song Y, Zhu B, Xu RM, Feng Q.
Acetylation of histone H3K27 signals the transcriptional elongation for
estrogen receptor alpha. Commun Biol. 2020;3(1):165.

. Dutta R, Guruvaiah P, Reddi KK, Bugide S, Reddy Bandi DS, Edwards YJK,

Singh K, Gupta R. UBE2T promotes breast cancer tumor growth by sup-
pressing DNA replication stress. NAR Cancer. 2022;4(4):zcac035.

. XuJ, Zheng J, Wang J, Shao J. miR-876-5p suppresses breast cancer pro-

gression through targeting TFAP2A. Exp Ther Med. 2019;18(2):1458-64.

. lwatsuki M, Mimori K, Yokobori T, Ishi H, Beppu T, Nakamori S, Baba H,

Mori M. Epithelial-mesenchymal transition in cancer development and its
clinical significance. Cancer Sci. 2010;101(2):293-9.

. Larue L, Bellacosa A. Epithelial-mesenchymal transition in development

and cancer: role of phosphatidylinositol 3'kinase/AKT pathways. Onco-
gene. 2005;24(50):7443-54.

. Hennessy BT, Gonzalez-Angulo AM, Stemke-Hale K, Gilcrease MZ, Krishna-

murthy S, Lee JS, Fridlyand J, Sahin A, Agarwal R, Joy C, Liu W, Stivers D,
Baggerly K, Carey M, Lluch A, Monteagudo C, He X, Weigman V, Fan C,
Palazzo J, Hortobagyi GN, Nolden LK, Wang NJ, Valero V, Gray JW, Perou
CM, Mills GB. Characterization of a naturally occurring breast cancer
subset enriched in epithelial-to-mesenchymal transition and stem cell
characteristics. Cancer Res. 2009;69(10):4116-24.

. Taube JH, Herschkowitz JI, Komurov K, Zhou AY, Gupta S, Yang J, Hartwell

K, Onder TT, Gupta PB, Evans KW, Hollier BG, Ram PT, Lander ES, Rosen
JM, Weinberg RA, Mani SA. Core epithelial-to-mesenchymal transition
interactome gene-expression signature is associated with claudin-
low and metaplastic breast cancer subtypes. Proc Natl Acad Sci U S A.
2010;107(35):15449-54.

. Sarrio D, Rodriguez-Pinilla SM, Hardisson D, Cano A, Moreno-Bueno G,

Palacios J. Epithelial-mesenchymal transition in breast cancer relates to
the basal-like phenotype. Cancer Res. 2008;68(4):989-97.

. Zhang J, Lin X, Wu L, Huang JJ, Jang WQ, Kipps TJ, Zhang S.

Aurora B induces epithelial-mesenchymal transition by stabilizing
Snail1 to promote basal-like breast cancer metastasis. Oncogene.
2020;39(12):2550-67.

. Singh D, Deshmukh RK, Das A. SNAIT-mediated transcriptional regulation

of epithelial-to-mesenchymal transition genes in breast cancer stem cells.
Cell Signal. 2021;87: 110151.

Tsirigoti C, Ali MM, Maturi V, Heldin CH, Moustakas A. Loss of SNAI1
induces cellular plasticity in invasive triple-negative breast cancer cells.
Cell Death Dis. 2022;13(9):832.

Xie W, Jiang Q, Wu X, Wang L, Gao B, Sun Z, Zhang X, Bu L, Lin Y, Huang Q,
Li J, Guo J. IKBKE phosphorylates and stabilizes Snail to promote breast
cancer invasion and metastasis. Cell Death Differ. 2022;29(8):1528-40.


https://doi.org/10.1186/s13058-024-01858-x
https://doi.org/10.1186/s13058-024-01858-x

Fang et al. Breast Cancer Research

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.
33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

(2024) 26:103

TianY,Wu J, Zeng L, Zhou L, Hu Y, Pan Q, Liu W, Yan Y, Wu Z, Wang Z, Zeng
Z,Tang P, Jiang J, Wang M. Huaier polysaccharides suppress triple-nega-
tive breast cancer metastasis and epithelial-mesenchymal transition by
inducing autophagic degradation of Snail. Cell Biosci. 2021;11(1):170.
Gebert LFR, MacRae 1J. Regulation of microRNA function in animals. Nat
Rev Mol Cell Biol. 2019;20(1):21-37.

Shahidi M, Abazari O, Dayati P, Bakhshi A, Zavarreza J, Modarresi MH,
Haghiralsadat F, Rahmanian M, Naghib SM, Tofighi D. Multicomponent
SiIRNA/miRNA-loaded modified mesoporous silica nanoparticles targeted
bladder cancer for a highly effective combination therapy. Front Bioeng
Biotechnol. 2022;10: 949704.

Wang H, Ellipilli S, Lee W, Li X, Vieweger M, Ho YS, Guo P. Multivalent
rubber-like RNA nanoparticles for targeted co-delivery of paclitaxel and
MIRNA to silence the drug efflux transporter and liver cancer drug resist-
ance. J Controll Release Off J Controll Release Soc. 2021;330:173-84.
GaoY,MaH,Gao C, LvY,Chen X, Xu R, Sun M, Liu X, Lu X, Pei X, Li P.
Tumor-promoting properties of miR-8084 in breast cancer through
enhancing proliferation, suppressing apoptosis and inducing epithelial-
mesenchymal transition. J Trans Med. 2018;16(1):38.

Lanczky A, Nagy A, Bottai G, Munkacsy G, Szabo A, Santarpia L, Gyorffy

B. miRpower: a web-tool to validate survival-associated miRNAs utilizing
expression data from 2178 breast cancer patients. Breast Cancer Res
Treat. 2016;160(3):439-46.

Gyorffy B. Survival analysis across the entire transcriptome identifies
biomarkers with the highest prognostic power in breast cancer. Comput
Struct Biotechnol J. 2021;19:4101-9.

Li M, Wang Y, Hung MC, Kannan P. Inefficient proteasomal-degradation
pathway stabilizes AP-2alpha and activates HER-2/neu gene in breast
cancer. Int J Cancer. 2006;118(4):802-11.

Woo 'Y, Behrendt CE, Yang A, Hahn M, Goel A, Li H, Yuan YC, Fong Y. Tumor
epigenetic signature and survival in resected gastric cancer patients. J
Am Coll Surg. 2021;232(4):483-91.

YanY, Liu XY, Lu A, Wang XY, Jiang LX, Wang JC. Non-viral vectors for RNA
delivery. J Controll Release Off J Controll Release Soc. 2022;342:241-79.
Kara G, Calin GA, Ozpolat B. RNAi-based therapeutics and tumor targeted
delivery in cancer. Adv Drug Deliv Rev. 2022;182: 114113.

Barile L, Vassalli G. Exosomes: therapy delivery tools and biomarkers of
diseases. Pharmacol Therapeut. 2017;174:63-78.

Eckert D, Buhl S, Weber S, Jager R, Schorle H. The AP-2 family of transcrip-
tion factors. Genome Biol. 2005;6(13):246.

Pellikainen J, Naukkarinen A, Ropponen K, Rummukainen J, Kataja V, Kel-
lokoski J, Eskelinen M, Kosma VM. Expression of HER2 and its association
with AP-2 in breast cancer. Eur J Cancer. 2004;40(10):1485-95.

Fu X, Zhang H, Chen Z,Yang Z, Shi D, LiuT, Chen W, Yao F, Su X, Deng W,
Chen M, Yang A. TFAP2B overexpression contributes to tumor growth and
progression of thyroid cancer through the COX-2 signaling pathway. Cell
Death Dis. 2019;10(6):397.

XiongY, FengY, Zhao J, Lei J, Qiao T, Zhou Y, Lu Q, Jiang T, Jia L, Han .
TFAP2A potentiates lung adenocarcinoma metastasis by a novel miR-

16 family/TFAP2A/PSGY/TGF-beta signaling pathway. Cell Death Dis.
2021;12(4):352.

Zhang LL, Lu J, Liu RQ, Hu MJ, Zhao YM, Tan S, Wang SY, Zhang B, Nie

W, Dong Y, Zhong H, Zhang W, Zhao XD, Han BH. Chromatin acces-
sibility analysis reveals that TFAP2A promotes angiogenesis in acquired
resistance to anlotinib in lung cancer cells. Acta Pharmacol Sin.
2020;41(10):1357-65.

White JR, Thompson DT, Koch KE, Kiriazov BS, Beck AC, van der Heide DM,
Grimm BG, Kulak MV, Weigel RJ. AP-2alpha-mediated activation of E2F
and EZH2 drives melanoma metastasis. Cancer Res. 2021;81(17):4455-70.
Turner BC, Zhang J, Gumbs AA, Maher MG, Kaplan L, Carter D, Glazer PM,
Hurst HC, Haffty BG, Williams T. Expression of AP-2 transcription factors in
human breast cancer correlates with the regulation of multiple growth
factor signalling pathways. Cancer Res. 1998;58(23):5466-72.

Zhang X, Leung YK, Ho SM. AP-2 regulates the transcription of estrogen
receptor (ER)-beta by acting through a methylation hotspot of the ON
promoter in prostate cancer cells. Oncogene. 2007;26(52):7346-54.
Powe DG, Akhtar G, Habashy HO, Abdel-Fatah T, Rakha EA, Green AR,

Ellis 10. Investigating AP-2 and YY1 protein expression as a cause of high
HER2 gene transcription in breast cancers with discordant HER2 gene
amplification. Breast Cancer Res BCR. 2009;11(6):R90.

43.

44,

45.

46.

47.

48.

Page 19 of 19

Pellikainen JM, Kosma VM. Activator protein-2 in carcinogenesis

with a special reference to breast cancer-a mini review. Int J Cancer.
2007;120(10):2061-7.

Pellikainen J, Kataja V, Ropponen K, Kellokoski J, Pietilainen T, Bohm J,
Eskelinen M, Kosma VM. Reduced nuclear expression of transcription
factor AP-2 associates with aggressive breast cancer. Clin Cancer Res Off J
Am Assoc Cancer Res. 2002;8(11):3487-95.

Zhang J, Brewer S, Huang J, Williams T. Overexpression of transcription
factor AP-2alpha suppresses mammary gland growth and morphogen-
esis. Dev Biol. 2003;256(1):127-45.

MaturiV, Moren A, Enroth S, Heldin CH, Moustakas A. Genomewide bind-
ing of transcription factor Snail1 in triple-negative breast cancer cells. Mol
Oncol. 2018;12(7):1153-74.

NiT, Li XY, Lu N, AnT, Liu ZP, Fu R, Lv WC, Zhang YW, Xu XJ, Grant Rowe

R, LinYS, Scherer A, Feinberg T, Zheng XQ, Chen BA, Liu XS, Guo QL,

Wu ZQ, Weiss SJ. Snail1-dependent p53 repression regulates expan-

sion and activity of tumour-initiating cells in breast cancer. Nat Cell Biol.
2016;18(11):1221-32.

Eiseler T, Kohler C, Nimmagadda SC, Jamali A, Funk N, Joodi G, Storz P,
Seufferlein T. Protein kinase D1 mediates anchorage-dependent and
-independent growth of tumor cells via the zinc finger transcription fac-
tor Snail1. J Biol Chem. 2012;287(39):32367-80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	TFAP2A downregulation mediates tumor-suppressive effect of miR-8072 in triple-negative breast cancer via inhibiting SNAI1 transcription
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Cell culture and transfection
	Antibodies
	EdU assay
	MTS assay
	Colony formation assay
	Transwell assay
	Wound healing assay
	Xenograft mouse model
	Immunohistochemistry staining and western blot analysis
	Quantitative real-time PCR
	Luciferase reporter assay
	Survival analysis
	Statistical analysis

	Results
	miR-8072 hinders TNBC tumor progression in vivo and correlates with better prognosis in TNBC
	miR-8072 inhibits activation of AKTERK signaling and suppresses proliferation of TNBC cells
	miR-8072 suppresses EMT progression and migration of TNBC cells
	TFAP2A is a target gene of miR-8072 associated with unfavorable prognosis in TNBC
	The tumor-promoting role of TFAP2A and its functional interplay with miR-8072
	Transcriptional activation of SNAI1 by TFAP2A is suppressed by miR-8072

	Discussion
	Conclusion
	Acknowledgements
	References


