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A high level of the long non-coding RNA MCF2L-AS1 is associated with poor
prognosis in breast cancer and MCF2L-AS1 activates YAP transcriptional activity
to enhance breast cancer proliferation and metastasis
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ABSTRACT ARTICLE HISTORY
Breast cancer (BC) is one of the most prevalent gynecologic malignant tumors with a poor Received 1 March 2022
prognosis and the second leading cause of cancer-related deaths in women worldwide. In recent Revised 28 April 2022
years, it has been shown that long non-coding RNA (IncRNA) plays an important role in the  Accepted 29 April 2022
development of breast cancer (BC). An antisense IncRNA from the MCF2 cell line (MCF2L-AS1) has KEYWORDS

been discovered recently and has been shown to function in a variety of malignancies. However, LncRNA; MCF2L-AS1; breast
its function as a regulator of BC development has yet to be determined. Herein, the bioinformatics cancer; YAP

study analysis showed that MCF2L-AS1 was frequently highly expressed in BC tumors, and this

overexpression was associated with worse patient outcomes. BC cells’ proliferation, migration, and

invasion are inhibited when MCF2L-AS1 is silenced, whereas the inverse is evident when MCF2L-

AS1 is overexpressed. It was also observed that MCF2L-AS1 knockdown decreased carcinogenesis

in xenograft tumor models. Furthermore, we discovered that MCF2L-AS1 could bind to and

improve the transcription activity of the yes-associated protein (YAP). However, following YAP

knockdown, this IncRNA’s ability to drive BC malignancy was considerably reduced. In conclusion,

MCF2L-AS1 may represent a potential predictive biomarker in BC patients, as well as a key

regulator of BC cell proliferation. It works through positive feedback processes involving direct

YAP binding and subsequent modulation of intracellular gene expression. Our findings add to our

understanding of MCF2L-AS1 regulation and its potential as a therapeutic target in patients with

this fatal cancer type.
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Highlights

® IncRNA-MCF2L-AS1 expression is up-
regulated in BC, correlated with poor BC
patient prognosis.

® Knocking down MCF2L-ASI1 could reduce
the proliferative,migratory, and invasive
activity of BC cells,

® YAP is a target gene of MCF2L-AS].

e MCF2L-AS1 could promote the transcrip-
tional activityof YAP in BC cells.

Introduction

Breast cancer (BC) is the most common malig-
nancy and the second deadliest cancer type
among women worldwide [1]. Despite substantial
advances in the early diagnosis and treatment
of BC patients over the past two decades, this
disease remains a major cause of morbidity and
mortality. Treatments for early-stage breast cancer
are generally curative, however therapy for late
breast cancer largely focuses on boosting the over-
all quality of life and extending life expectancy
[2,3]. As a result, an improved understanding
of BC’s underlying processes is essential to better
guide the diagnosis and treatment of this lethal
malignancy.

The emergence of high-throughput sequencing
technologies has led to an increasing focus on the
biological role of non-coding RNAs (ncRNAs).
Protein-coding gene sequences make up just 2%
of the genome, however, the other 75% is thought
to be translated as noncoding RNAs (ncRNAs)
[4,5]. Long ncRNAs (IncRNAs) are over 200
nucleotides in length and lack protein-coding
potential [6]. They are primarily involved in key
biological processes that can regulate gene expres-
sion via chromatin remodeling and at the post-
transcriptional and translational levels [7].
Evidence shows that IncRNAs are closely asso-
ciated with the development as well as the prog-
nosis of patients with breast cancer (BC) [8-10].
Studies based on sequencing have shown that
deregulation of IncRNAs is a frequent finding in
malignancies, underlining their importance as
both regulators of oncogenic processes and pro-
spective biomarkers that may guide patient assess-
ment and therapy [11,12].

The 1173-bp IncRNA MCEF.2 cell line-derived
transforming sequence like antisense RNA 1
(MCF2L-AS1) was recently discovered to be dys-
regulated in the presence of some malignancies,
including colorectal cancer and non-small cell
lung cancer [13,14]. Mechanistically, several path-
ways have been identified whereby MCF2L-AS1
can drive enhanced tumor progression and/or
metastasis [13-16]. However, the clinical relevance
and functional roles of this IncRNA in BC have yet
to be explored. Thus, there is a dire need to
explore the biological functions and regulatory
networks associated with MCF2L-AS1
regarding BC progression.

The Hippo signaling pathway has been identi-
fied as a central regulator of many aspects of
tumor development [17-20]. Several transcription
factors may interact with the downstream yes-
associated protein (YAP) in the Hippo pathway
to affect intracellular transcriptional responses
and hence change physiology [21]. In BC, YAP is
commonly identified as an oncogene, with its dys-
regulation potentially favoring invasive and meta-
static activity [22,23]. Phosphorylation of the
LATS1/2 kinase protein by the Hippo pathway is
the conventional method for controlling YAP
activity, although other pathways may also regu-
late it [24]. In BC, for example, there is evidence
that glucocorticoid receptor signaling can activate
YAP activity [25]. Recent work also suggests that
YAP can influence actin dynamics and overall
cellular movement [20,26,27]. However, the speci-
fic YAP binding partners linked to tumor growth
are unknown, and whether IncRNAs may directly
alter YAP activity in this pathological situation has
yet to be determined.

Through bioinformatics approaches, MCF2L-
AS1 was found to be significantly upregulated
in BC tumors and correlated with poor patient
prognosis. We hypothesized that the high expres-
sion of McF2l-as may be a pathogenic factor pro-
moting the development of breast cancer.
However, the role of MCF2L-AS1 in BC remains
unclear. Therefore, the purpose of this work was to
explore the processes by which MCF2L-AS1
regulates BC tumor cell proliferation and tran-
scription to establish a strong theoretical founda-
tion for future research into the pathophysiology
of BC.



Materials and methods
Clinical samples

Using paired tumor and paracancerous tissue sam-
ples obtained from 130 BC patients who received
mammectomy at Baoji Municipal Central Hospital
between October 2017 and 2020, correlations
between MCF2L-AS1 expression and patient clin-
icopathological features were investigated. This
research was authorized by the Institutional
Review Board of Baoji Municipal Central
Hospital (permission number. F20170716), and
signed informed consent was obtained from all
patients. Prior to storage, liquid nitrogen was
used to snap-freeze patient samples after
mammectomy.

Cell culture

The BT-549 and MDA-MB-231 BC cell lines were
obtained from the American Type Culture
Collection (VA, USA), while control MCF-10A
cells were received from the Shanghai Institutes
for Biological Sciences of the Chinese Academy
of Sciences (Shanghai, China). The cell lines were
cultured as previously described [10]. BC cell lines
were cultured in high-glucose DMEM (Gibco, NY,
USA) supplemented with 10% FBS (Biological
Industries, Kibbutz Beit Haemek, Israel) as per
recommended protocols, whereas MCF-10A cells
were grown in F12/DMEM (Gibco) supplemented
with 10% FBS. Cells were cultured in a 37°C humi-
dified 5% CO, incubator. The siRNA sequence is
shown in Supplementary Table S1.

Cell transfection

The «cell transfection was conducted using
a slightly modified version of a previously pub-
lished protocol [28]. For the knockdown of
MCEF2L-AS1 and YAP, specific siRNA sequences
targeting MCF2LAS1 (si-MCF2L-AS1) and YAP
(si-YAP) were provided by GenePharma
(Shanghai, China). Nonspecific siRNAs were used
as negative control (NC). To overexpress MCF2L-
AS1, the whole sequence of MCF2L-AS1 was sub-
cloned into pcDNA3.0 vector with empty vectors
being utilized as NC. The constructs were trans-
fected into BC cells that were 60-70% confluent

BIOENGINEERED 13439

using Lipofectamine 3000 (Invitrogen, CA, USA)
based on provided instructions. At 48 h post-
transfection, cells were collected for downstream
analysis.

Quantitative real-time polymerase chain reaction
(qPCR)

The qPCR was conducted using a slightly modified
version of a previously published protocol [29].
RNA was extracted from samples using TRIzol
(15596026, Invitrogen), followed by a PrimeScript
RT reagent (RR047, Takara Bio Inc., Shiga, Japan)
to prepare cDNA based on provided directions.
Hieff* qPCR SYBR® Green Master Mix (No Rox)
(Yeasen) and a StepOne-Plus instrument (Applied
Biosciences) were then used for triplicate analyses
of samples via qPCR. The GAPDH served as
a normalization control. Melt curves were gener-
ated to ensure the specificity of amplification pro-
ducts. The 272" method was used to assess
relative gene expression.

MTT assay

A cell proliferation assay was performed with an
MTT kit (Sigma) according to the manufacturer’s
instructions. Cells were plated in 96-well plates
(5000/well). At appropriate time points, 100 uL
of MTT reagent was added to each well (0.5 mg/
ml, Sigma), and cells were then incubated for 4 h
at 37°C. Media was then aspirated and 150 uL of
DMSO (Sigma) was added per well, with absor-
bance at 570 nm then being measured.

Transwell assay

A previously reported methodology [29] was sig-
nificantly changed to accomplish the Transwell
detection. 24-well Transwell inserts (Corning)
coated or uncoated with Matrigel (Dongcheng,
Ningbo, Zhejiang, China) were used to examine
cellular invasive and migratory activities. At 24 h
post-transfection, appropriate cells were added
into the upper chamber of a Transwell insert,
while 600 uL of DMEM containing 10% FBS was
added to the lower chamber. Matrigel-coated
inserts (25 mg/50 mL, 60 uL) were employed for
invasion assays. Moreover, migratory/invasive cells
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were incubated for 24 hours, subsequently fixed
with methanol, stained with Giemsa for 2 hours,
and scanned under a light microscope.

Western blotting

A significantly modified version of a previously
reported Western blotting procedure was used
[30]. In brief, an SDS lysis buffer (2 M thiourea,
2% (w/v) DTT, 7 M urea) supplemented with 1%
(v/w) protease inhibitors (Pierce Biotechnology)
was used to extract proteins from individual sam-
ples. Proteins were then separated via 10% SDS-
PAGE and transferred onto PVDF membranes
(Millipore, IPVH00010). Blots were blocked with
5% nonfat milk for 2 h, after which they were

incubated at 4°C with anti-YAP (Biorbyt,
orb193680), anti-E-cadherin (Cell Signaling
Technology, 3195), anti-Vimentin (Abcam,

ab92547), or anti-N-cadherin (Abcam, ab18203)
overnight, with all antibodies being diluted
1:1000. Blots were then washed three times and
probed with HRP-conjugated secondary antibo-
dies (1:2000) for 2 h at room temperature.
Furthermore, protein bands were visualized using
the SuperSignalWest Femto Chemiluminescent
Substrate Western Blotting detection reagent
(Thermo Scientific).

Xenograft model assay

Based on a previously published study, the xeno-
graft model assay was developed by making minor
alterations to that research [31]. The Yan’an
University Institutional Animal Care and Use
Committee authorized all animal research, and
the Animal Ethical and Welfare Committee
approved all procedures (Approval
No. 2018DWLS101). Nude athymic BALB/c mice
(male, 4-6 weeks old) from the Model Animal
Research Center of Nanjing University were
housed in a specific pathogen-free environment.
Ten female mice (4 weeks old) were divided into
two groups (shNC and shMCF2L-ASI).
Appropriate MDA-MB-231 cells transfected with
sh-MCF2L-AS1 and pENTR vector (EV) were har-
vested and washed two times using cold PBS,
combined with Matrigel (BD Biosciences) at a 1:1
ratio, and subcutaneously injected into the right

flank of individual mice (2 x 10> cells/mouse).
Upon euthanasia of mice with tumors that had
grown to a diameter of 10-15 nm after 5 weeks,
tumors were removed, scanned, and weighed
before being stained with immunofluorescent dye.

Immunofluorescent staining

The Immunofluorescent staining was based on
a previously published work ([32], with slight
adjustments. Tissue slices were deparaffinized,
rehydrated, and washed three times in PBS for
10 min. Antigen retrieval was performed by boil-
ing samples in a microwave for 10 min in a 10 mM
citrate buffer (pH 6.0). Samples were then washed
three times with PBST for 10 min each, blocked
using 5% BSA for 1 h, and stained with anti-Ki-67
(Novus biology, NBP2-54791) at 4°C overnight.
Slides were then washed again with PBST, stained
for 2 h with secondary antibodies at room tem-
perature, counterstained with DAPI for 5 min,
rinsed using PBS, mounted using Immu-Moun or
VectaShield, and visualized with an LSM700 con-
focal microscope (Carl Zeiss AG).

TUNEL assays

TUNEL staining was performed with a TUNEL
Bright-Green Apoptosis Detection kit (Vazyme,
A112-03) as per recently published protocols [33].

RNA immunoprecipitation

The RNA immunoprecipitation procedure was
adapted from a previously published study with
minor modifications 30. Two 15 cm cell culture
plates were collected and rinsed with PBS before
being crosslinked with 1% formaldehyde.
Following this, the crosslinking process was halted
by the addition of glycine to the solution
(0.125 M). Cells were then collected via centrifu-
gation and resuspended in IP lysis buffer (50 mM
HEPES at pH 7.5, 1 mM EDTA, 0.4 M NacCl, 0.5%
Triton X-100, 10% glycerol, 1 mM DTT) contain-
ing RNase inhibitor (Ambion), 1 mM PMSF, and
protease inhibitors (GenDEPOT). Samples were
then subjected to sonication, and pre-rinsed pro-
tein G agarose (Millipore) was employed to pre-
clear the lysates. Lysates were then incubated



overnight with anti-YAPa (Biorbyt, orb193680) or
control IgG (Santa Cruz, sc-2025) (2 ug each) at
4°C, followed by the addition of rinsed protein
G agarose and incubation for 1 h at 4°C.
Furthermore, agarose beads were washed with IP
lysis buffer, after which samples were centrifuged,
and RNA in the collected supernatants was iso-
lated using an RNeasy Mini Kit (Qiagen) with
DNase I. Experimental primers are listed in Table
§1, after which qPCR analyses were conducted,
with data being expressed based on fold enrich-
ment over control IgG. To avoid identifying the
main antibody’s heavy chain, a secondary antibody
(Abmart, M21006) was utilized for Western blot
validation of the YAP protein.

RNA pull-down

The RNA pull-down was based on a previously
published work with minimal modifications
[34]. MDA-MB-231 cells were transfected with
3’-biotinylated MCF2L-AS1 or scramble control
constructs and incubated for 48 h, after which
they were UV-irradiated (400 mJ/cm?). Cells
were then homogenized using CLIP lysis buffer
supplemented with 0.2 U/ul of recombinant
RNase Inhibitor (Promega) and a Complete
protease inhibitor cocktail (EDTA-free; Roche).
Streptavidin-agarose beads (Pierce) were then
utilized to precipitate proteins and bound bio-
tin-conjugated RNAs at 4°C. Beads were then
rinsed twice with lysis buffer, high-salt buffer,
and PNK buffer respectively. After precipita-
tion, Western blotting and qPCR were used to
assess protein and RNA levels within these pre-
cipitate samples.

Luciferase reporter assay

YAP transcriptional activity was monitored via
a luciferase reporter assay approach [35]. Briefly,
Lipofectamine 3000 was used to transfect MDA-
MB-231 cells with the 8xGTIIC-luciferase
(Plasmid #34615) and [-gal plasmids (Ambion,
USA). A Luciferase Reporter assay kit (BioVision,
Inc., K801-200) was then used to monitor lucifer-
ase activity within these «cells, while a f-
Galactosidase Enzyme Assay System with
Reporter Lysis Buffer (Promega Corporation,
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E2000) was used based upon provided instructions
to assess [3-gal activity.

Chromatin immunoprecipitation assay (CHIP)

A ChIP assay kit from Millipore (17-371) was
used according to the manufacturer’s protocol.
MDA-MB-231 cells were transfected with si-
MCF2L-AS1 or nonspecific siRNAs. After
cross-linking, 5 pg of the antibody against
YAP (Biorbyt, orb193680) was added to immu-
noprecipitate endogenous YAP. After immuno-
precipitation, protein—-DNA cross-links were
reversed and DNA was purified to remove the
chromatin proteins to be used for qPCR.
Primer sequences are listed in Supplementary
Table S1.

Results

In this study, we explored the role of MCF2L-AS1
in BC. Our findings demonstrated that MCF2L-
AS1 was increased in BC and that silencing
MCEF2L-AS1 inhibited BC cell proliferation,
migration, and invasive activity both in vitro and
in vivo, as well as invasive activity. Further,
MCF2L-ASI can directly bind to YAP within BC
cells, thereby enhancing YAP transcriptional activ-
ity and stimulating malignant activity. The carci-
nogenic effects of MCF2L-AS1 in these BC cells
were abated when YAP was knocked down. Our
findings highlight the functional roles of MCF2L-
AS1 in BC, providing new insights into BC
pathogenesis.

MCF2L-AS1 upregulation in BC tumors is
correlated with poor patient outcomes

In our study, we proposed to screen a IncRNA
that regulates the progression of breast cancer.
We assessed differentially expressed IncRNAs
between BC tumor and healthy tissue samples
in the published GSE145144 microarray dataset
from the GEO database. MCF2L-Asl was upre-
gulated in BC tumors relative to normal tissues
as determined based on Transcripts Per Million
(TPM) score values in this dataset (Figure 1(a,
b)). The TANRIC tool (https://bioinformatics.
mdanderson.org/public-software/tanric/)  was
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Figure 1. BC patients exhibit MCF2L-AS1 upregulation that is correlated with a worse prognosis. (a, b) A GEO dataset was
queried to compare the expression of MCF2L-AST in BC tumors and paracancerous normal tissue. (c) MCF2L-AS1 expression levels
were compared in BC patient tumors and unpaired healthy tissue samples present within the TCGA database (normal = 105,
tumor = 837). (d) MCF2L-AS1 levels were assessed in 105 pairs of BC tumors and paracancerous healthy tissue samples. (e) DFS
curves for BC patients (n = 1068) were established using the Kaplan-Meier plotter database, revealing higher levels of MCF2L-AS1 to
be correlated with worse patient OS. Data were generated based on quartile cutoffs for the expression of MCF2L-AS1. (f) MCF2L-AS1
levels in BC patient tumor tissues and paracancerous samples (n = 130) were assessed, with GAPDH to normalize these levels. (g)
Median MCF2L-AS1 expression was used to classify patients into those expressing low or high levels of this IncRNA (each n = 65),
revealing MCF2L-AS1-high patients to have poorer survival outcomes as compared to patients expressing lower levels thereof.

(**p < 0.01, ***p < 0.001).

used to evaluate IncRNA expression patterns in
the TCGA data set, which allowed us to further
refine our findings. This analysis similarly con-
tirmed MCF2L-AS1 to be upregulated in BC
tumors relative to paired and unpaired healthy
tissues (Figure 1(c,d)). Higher levels of MCF2L-

AS1 were also found to be associated with
poorer disease-free survival (DES) (Figure 1(e)).

Following, MCF2L-AS1 expression was compared
in 130 paired BC patient tumor and paracancerous
tissue samples via qQPCR (Table 1), revealing MCF2L-
ASI1 in tumors consistent with that observed in the



Table 1. The relationship between MCF2L-AS1 expression and
breast cancer patient clinicopathological characteristics.

High MCF2L-AS1 Low MCF2L-AS1

Variable expression (n = 73)  expression (n = 57) P-value®
Age (year,

mean %SD) 67.4 +9.4 66.8 + 12.4 0.508
BMI 0.576
>25 52 38

<25 21 19

Grade 0.042*
1 6 13

2 23 19

3 44 25

Stage 0.007*
| 9 18

Il 15 17

1] 24 13

v 25 9

a *P < 0.05; Chi-squared test or Fisher's exact test.

TCGA dataset (Figure 1(f)). Similarly, we found
higher MCF2L-AS1 expression to be associated
with a more advanced TNM stage (III/IV), whereas
patients with a less advanced TNM stage tended to
express lower levels of this IncRNA (Table 1).
MCF2L-AS1 was also correlated with poorer prog-
nostic outcomes among BC patients (p < 0.01;
Figure 1(g)). These findings imply that high levels
of MCF2L-AS1 overexpression in BC tumors are
associated with a poor prognosis for patients.

MCF2L-AS1 regulates breast cancer cell
proliferation

Moreover, we wanted to explore the MCF2L-
AS1 effect in BC cell proliferation because of
its role in regulating tumor cell oncogenicity.
To accomplish this, the levels of MCF2L-AS1,
a IncRNA, in the MDA-MB-231 and BT-
549 BC cell lines were compared to those in
the human MCF-10 mammary epithelial cell
line as a reference, and both cell lines showed
substantial increases (Figure 2(a)). To examine
the link between MCF2L-AS1 and cell growth,
an MTT assay was conducted to evaluate MDA-
MB-231 and BT-549 cells transfected using
MCEF2L-AS1, inhibitor, or control constructs.
IncRNA levels were decreased in cells transfected
with the MCF2L-AS1 inhibitor but increased in
cells transfected with the pRK-MCF2L-AS1 vec-
tor (Figure 2(b)). Inhibiting MCF2L-AS1 sup-
pressed MDA-MB-231 and BT-549 cell
proliferation. However, this proliferative activity
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was enhanced relative to that in control cells
following pRK-MCEF2L-AS1 transfection
(Figure 2(c)). As a consequence of these find-
ings, MCF2L-AS1 has been identified as a key
regulator of increased BC cell proliferation.

MCF2L-AS1 promotes the migratory and invasive
activity of BC cells

Cell invasion is a significant aspect of cancer
progression that involves the migration of
tumor cells into contiguous tissues and the
dissolution of extracellular matrix proteins.
Here, transwell assays were further performed
to explore the MCF2L-AS1 ability to
influence BC cell migratory and invasive activ-
ity. In these assays, inhibiting MCF2L-AS1 sig-
nificantly decreased the numbers of migratory
and invasive MDA-MB-231 and BT-549 cells,
whereas the overexpression of this IncRNA
yielded the opposite phenotype (Figure 2
(d-g)). These results suggested that MCF2L-
AS1 functions as a promoter of BC cell meta-
static growth.

Cell adhesion molecules are implicated in inva-
sion and metastasis in various cancers [36,37].
Therefore, we performed qPCR to detect the
expression of cell adhesion molecules that have
been confirmed to be involved in tumor invasion
and metastasis (such as E-cadherin, N-cadherin,
and Vimentin). In our BC cell lines, we found
that MCF2L-AS1 was able to influence the expres-
sion of these markers (Figure 2(h)), corroborating
our finding that MCF2L-AS1 could promote BC
metastasis.

MCF2L-AS1 knockdown suppresses the in vivo
growth of breast tumors

Following up on the in vitro findings, we inves-
tigated the effect of knocking down MCF2L-
AS1 on breast cancers in vivo. MDA-MB-231
cells transduced with the sh- MCF2L-AS1
/pPENTR vector (EV) were used in a nude
mice xenograft model. Up to 35 days after the
knockdown of MCF2L-AS1, there was
a dramatic decrease in tumor volume (67.7%)
in the sh-MCF2L-AS1 group compared with
controls (Figure 3(a,b)). Similarly, knocking
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Figure 2. MCF2L-AS1 enhances the migratory, proliferative, and invasive activity of BC cells. (a, b) MCF2L-AS1 knockdown or
overexpression in MDA-MB-231 and BT549 cells was confirmed via gPCR. (c). The impact of overexpressing or inhibiting MCF2L-AS1
expression on the proliferation of MDA-MB-231 and BT549 cells was determined via MTT assay. (d-g) The impact of overexpressing
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**%p < 0,001, ****P < 0.0001).
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(b) Tumor volumes were measured at the indicated time points. (c) Tumor weight values were calculated in the indicated groups at
5 weeks post-injection. (d) MCF2L-AS1 knockdown was confirmed in MDA-MB-231 tumors via qPCR. (e, f) MCF2L-AS1-silenced MDA-
MB-231 tumors exhibited decreased Ki-67 staining, consistent with reduced proliferative activity. ****P < 0.0001. (g, h). MCF2L-AS1-
silenced MDA-MB-231 tumors were assessed via TUNEL staining, revealing an increase in intratumoral apoptotic cell death.

(*p < 0.05, **p < 0.01, ****P < 0.0001).

down this IncRNA decreased the average
weights of tumors by 86% relative to control
tumors (Figure 3(c)). Successful MCF2L-ASI
silencing in these tumors was confirmed via
qPCR (Figure 3(d)). Additionally, immunos-
taining analysis of the proliferation marker KI-
67 was performed in resected tumor tissues. It
was observed that MCF2L-AS1 silencing signif-
icantly suppressed the proliferation of xenograft
tumor cells (Figure 3(e-f)). The TUNEL stain-
ing further revealed an increase in intratumoral
apoptosis in tumors in which MCF2L-AS1 had
been knocked down (Figure 3(g-h)). conse-
quently, these data suggested that knocking
down MCF2L-AS1 was sufficient to inhibit
in vivo breast tumor growth.

MCF2L-AS1 directly interacts with YAP in BC cells

Additionally, we endeavored to understand further
completely the molecular pathways by which
MCEF2L-AS1 influences the malignant behaviors
of BC cells. Reportedly, YAP is an essential regu-
lator of the growth of BC tumors. We performed
RIP and RNA pull down assays and detected
a direct binding interaction between YAP and
MCF2L-AS1 (Figure 4(a-b)). However, according
to the the data from TCGA dataset by calculating
the Pearson correlation coefficient, MCF2L-AS1
was found uncorrelated with YAP (Figure 4(c)).
Further, we found that altering MCF2L-AS1
expression in BC cells had no impact on YAP
mRNA or protein levels therein (Figure 4(d,e)).
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Figure 4. MCF2L-AS1 interacts with YAP and thereby modulates its transcriptional regulatory activity. (a). YAP co-
precipitation was achieved using 3’-biotinylated synthetic oligonucleotides, with YAP being detected in the resultant eluates via
Western blotting. (b). RIP-qPCR was performed to detect the interacting ability of YAP and MCF2L-AS1 among one another. (c). The
expression of MCF2L-AST was not correlated with YAP in the tumor tissues of BC patients. (d-e). The mRNA and protein level
expression of YAP in BC cells was measured following MCF2L-AS1 knockdown. (f). 8 x GTIIC-luciferase activity was assessed in BC cell
lines. YAP OE: YAP overexpression; si MCF2L-AST: MCF2L-AS1 knockdown. (*p < 0.05, **p < 0.01, ***p < 0.001, ****P < 0.0001). (g).
ChIP-gPCR analysis shows the occupancy of ANKRD1, CTGF, and CYR61 promoters YAP. Endogenous YAP was immunoprecipitated
from control or MCF2L-AS1 silencing BC cells. n = 3 technical replicates per group.

MCF2L-AS1 promotes BC development through
the transcriptional activity of YAP protein

As YAP proteins interact with TEAD and TAZ
to actively regulate the transcription of target
genes, we explored the regulatory function of
MCEF2L-AS1 on the transcriptional activity of
YAP using a luciferase assay. We utilized the
8x GTIIC-luciferase YAP1/TAZ reporter con-
struct containing three YAP1/TAZ/TEAD DNA
binding sites prepared from the —200/+27 frag-
ment of the human CTGF gene promoter to
clarify the functional relevance of this regula-
tory interaction [38]. Knocking down MCF2L-

AS1 significantly decreased YAP transcriptional
activity in this luciferase reporter assay system
(Figure 4(f)). Moreover, we analyzed YAP target
gene promoters by ChIP assays. MCF2L-AS1
silencing significantly decreased the occupancy
of target gene promoters by endogenous YAP
(Figure 4(g)). Therefore, our data demonstrated
that MCF2L-AS1 can bind to YAP and regulate
the transcriptional regulatory activity of YAP.
We further explored the functional correla-
tion between MCF2L-AS1 and YAP in the
pathology of BC. It was found that knocking
down YAP also sufficiently ablates the ability of
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Figure 5. MCF2L-AS1 interacts with YAP to control the migratory and invasive activity of BC cells. (a, b) YAP knockdown was
sufficient to rescue the observed enhancement of BC cell migratory activity observed following MCF2L-AS1 overexpression. (c, d).
The ability of MCF2L-AS1 to promote the invasive activity of BC cells can be reversed by knocking down YAP. ****p < 0,0001.

MCEF2L-AS1 to promote the metastatic growth
of BC cells (Figure 5(a-d)). Collectively,
MCEF2L-AS1 could directly bind to YAP, and
promote its transcriptional activity in BC cells,
and the function of MCF2L-AS1 in
promoting BC development depends on the
expression of YAP.

Discussion

Breast cancer is one of the most prevalent and
severe cancers globally, The number of cases
worldwide keeps increasing annually [39,40].
A key challenge remains the identification of
novel predictors of BC progression and the
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identification of new targets for interventional
drug development efforts. Based on their length,
non-coding RNAs can be classified as small non-
coding RNAs (< 1200 nucleotides) or IncRNAs (>
200 nucleotides) [4,7]. Many recent studies have
documented essential roles for IncRNAs as regula-
tors of gene expression at the transcriptional,
translational, and epigenetic levels in both physio-
[41].
Dysregulation of IncRNA expression patterns is
now recognized as a prevalent finding in
a variety of malignancies, with these ncRNAs hav-
ing the ability to control oncogenic processes such
as tumor cell motility, proliferation, survival, inva-
sion, stemness, microenvironmental remodeling,
and metastasis [42-44]. Several studies have exam-
ined the functions of IncRNAs in BC [9,10,31].
MCF2L-ASI is a IncRNA that was recently identi-
fied and found to be dysregulated in multiple
human cancer types in which it regulates progres-
sion-related disease processes [11]. Cai et al.
showed MCF2L-AS1/miR-105/ IL-1f  Axis
Regulates Colorectal Cancer Cell Oxaliplatin
Resistance [45]. Zhang et al. showed MCF2L-AS1
aggravates proliferation, invasion, and glycolysis of

logical and  pathogenic  situations

colorectal cancer cells via the crosstalk with miR-
874-3p/FOXM1 signaling axis [15]. Li et al
showed MCF2L-AS1 promotes the cancer stem
cell-like traits in non-small cell lung cancer cells
through regulating miR-873-5p [13].
Nevertheless, our research was the first to high-
light the importance of MCF2L-AS1 for breast
cancer prevention and treatment. In this study,

level

we examined MCF2L-AS1 expression profiles
using sequencing data from the TCGA and GEO
databases and found that it was significantly upre-
gulated in BC tumors and cell lines compared to
normal control samples and that this upregulation
was associated with a poor prognosis for BC
patients.

To explore the role of MCF2L-ASI1 in BC, we
knocked down the MCF2L-AS1 gene and found
that this reduced the proliferative, migratory,
and invasive activity of BC cells, whereas over-
expressing this IncRNA had the opposite effect.
Cell adhesion molecules are well known to play

essential roles in invasion and metastasis in
human carcinomas [46]. Significantly, we found
that overexpressing MCF2L-ASI1 resulted in the
upregulation of Vimentin and N-cadherin
together ~ with  the  downregulation  of
E-cadherin. As a consequence of these findings,
it is clear that MCF2L-AS1 is a tumor enhancer
in BC.

YAP plays a central role in oncogenic processes,
functioning as a proto-oncogene that is overex-
pressed in many tumors [47-49]. In addition,
patients with BC displaying high YAP activity
appeared to have a higher overall positive prog-
nosis, leading to the belief that YAP might act as
a tumor suppressor in breast cancer [50-53].
Given its ability to regulate oncogenesis, tumor
progression, and neovascularization, YAP repre-
sents a promising target for anticancer treatment.
Further, YAP has Dbeen recognized as
a transcription factor in promoting tumor progres-
sion and metastasis, regulated by several upstream
mechanisms [54-56]. We herein found that
MCF2L-AS1 was able to bind to YAP and activate
its transcriptional activity. Knocking down YAP
was sufficient to reverse the effects of overexpres-
sing MCEF2L-ASI, thereby negatively
regulating BC cell progression. Overall, our data
suggest that the MCF2L-AS1/YAP axis may repre-
sent a promising target for suppressing BC growth.
We additionally found that the MCF2L-AS1/YAP
axis was able to promote BC tumor development
and metastasis, suggesting that the Hippo pathway
may regulate MCF2L-AS1, although further work
is required to test this hypothesis.

Nonetheless, there are still a few limitations in
this work. Apart from the roles of the factors we
revealed, more unknown biological functions still
need to be investigated about MCF2L-ASI.
Whether MCF2L-AS1 regulates other molecules
such as enzymes or kinases, which participate in
tumor progression, is also worth studying.

Conclusion

Precisely, the study demonstrated that IncRNA
MCF2L-AS1 is highly expressed in BC tissues and
cells. MCF2L-AS1 knockdown may inhibit BC cells
proliferation and metastasis via inhibiting YAP



transcriptional activity. It may provide a theoretical
and experimental basis for MCF2L-AS1 to be
a potential target for BC treatment therapies.
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