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Abstract
Background: Dysregulation of ACTA2-AS1 and miR-532-5p and their functions in various cancers have been widely
reported. Their potential of serving as biomarkers in triple-negative breast cancer (TNBC) remains unknown. This study
aimed to evaluate the function of ACTA2-AS1 and miR-532-5p and their potential of serving as biomarkers in TNBC.
Results: The TNBC tissues were collected from 119 patients, where the reduced level of ACTA2-AS1 and increased
level of miR-532-5p were observed by PCR and showed a significantly negative correlation (P <  0.001). Both ACTA2AS1 and miR-532-5p were closely associated with the malignant development and poor prognosis of TNBC patients.
Moreover, in TNBC cell, overexpressing ACTA2-AS1 was found to suppress cell proliferation and metastasis, which was
reversed by the upregulation of miR-532-5p.
Conclusions: ACTA2-AS1 and miR-532-5p could act as biomarkers of TNBC predicting the progression and prognosis
of patients. ACTA2-AS1 served as a tumor suppressor of TNBC which was mediated by miR-532-5p.
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Introduction
The incidence of breast cancer in women is frequent in
the past decades, although increasing efforts have been
made in improving the diagnosis and therapy of breast
cancer. In China, the incidence of breast cancer is increasing year by year [1]. As the early symptoms of breast cancer are insignificant, patients are always diagnosed at an
advanced stage with distant metastasis, systemic multiorgan lesions, and even threatening patients’ lives [2–4].
The clinical prognosis of patients is closely associated
with the pathological types, including Luminal A, Luminal B (HER2(+) and HER2 (−)), HER2-overexpressed,
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and triple-negative type [5]. Among these subtypes,
triple-negative breast cancer (TNBC) is the most malignant subtype. Although the onset of TNBC only accounts
for 15–20% of breast cancer patients, its 5-year survival
rate is much lower than that of Luminal A, Luminal B
(HER2(+) and HER2 (−)), and HER2-overexpressed
breast cancer [6]. Due to the lack of specific biomarkers,
the diagnosis of TNBC is mainly based on the pathological examination of needle biopsy, which is invasive and
with low sensitivity. Additionally, TNBC patients are
always diagnosed at an advanced stage, which limits the
therapeutic strategies of patients, and the recurrence and
metastasis are lately detected. Exploring novel indicators involved in the occurrence and metastasis of TNBC
could benefit screening and monitoring TNBC progression and therefore ameliorate patients’ outcomes.
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An increasing number of researches have been devoted
to the long or short non-coding RNAs (lncRNAs and
miRNAs) in human disease, especially to the dysregulated ncRNAs. A previous study identified a series of
differently expressed ncRNAs in breast cancer from the
Cancer Genome Atlas, including 55 lncRNAs, 88 miRNAs, and 1465 mRNAs, where lncRNA ACTA2-AS1
(lncRNA actin alpha 2, smooth muscle antisense RNA1)
was found to be downregulated [7]. The function of
ACTA2-AS1 has been illustrated in prior studies, such
as colon adenocarcinoma, lung adenocarcinoma, and
gastric cancer, with abnormal expression [8–10]. The
upregulation of miR-532-5p in TNBC was leaked out in
a previous expression profile of miRNAs in breast cancer
at different onset stages [11], and its enhanced effect was
also revealed in the cellular processes of breast cancer
[12]. miR-532-5p was evidenced as the competing endogenous RNA (ceRNA) of ACTA2-AS1, by which ACTA2AS1was able to play as a tumor promoter [13]. Whether
ACTA2-AS1 was involved in the development of TNBC
and whether it also regulated miR-532-5p during its
function in TNBC remain unknown, which are of great
significance in exploring novel biomarkers for TNBC.
This study concentrated on 119 TNBC patients,
through evaluating the dysregulation of ACTA2-AS1
and miR-miR-532-5p, their clinical significance in TNBC
development was disclosed. Moreover, with the employment of in vitro cell experiments, the roles of ACTA2AS1 and miR-532-3p in the biological function of TNBC
cells, including cell metastasis and proliferation were
estimated, to provide new insight into the biomarker
identification of TNBC.
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Results
Expression of ACTA2‑AS1 and miR‑532‑5p in TNBC
and their correlation

In tumor tissues, ACTA2-AS1 was found to significantly
downregulate (Fig. 1A), while miR-532-5p was dramatically upregulated relative to the normal paracancerous
tissues (Fig. 1B, P < 0.001). Meanwhile, ACTA2-AS1 was
negatively correlated with miR-532-5p in tumor tissues
(Fig. 1C, r = − 0.701, P < 0.001).
Association of ACTA2‑AS1 and miR‑532‑5p with patients’
clinicopathological features

Patients were grouped according to the mean of ACTA2AS1 and miR-532-5p expression in TNBC tissues. It
was found that ACTA2-AS1 was closely associated with
patients’ lymphatic metastasis status (P < 0.001), histological grades (P = 0.003), and TNM stage (P = 0.005).
Specifically, patients with positive lymphatic metastasis
status and advanced histological grade and TNM stage
showed relatively lower ACTA2-AS1 levels (Table 1).
In addition, the significant correlations between miR532-5p and lymphatic metastasis status (P < 0.001), histological grades (P = 0.041), and TNM stage (P = 0.008)
were also revealed (Table 1).
According to the obtained outcomes of patients, both
the downregulation of ACTA2-AS1 (Fig. 2A, log rank
P = 0.034) and the upregulation of miR-532-5p (Fig. 2B,
log rank P = 0.018) were related to the poor prognosis in TNBC patients. Additionally, the significant
association of ACTA2-AS1 downregulation (Fig. 2C)
and miR-532-5p upregulation (Fig. 2D) with TNBC
patients’ prognosis was validated by the online dataset.

Fig. 1 Expression of ACTA2-AS1 and miR-532-5p in TNBC tissues. A, B Significant downregulation of ACTA2-AS1 (A) and upregulation of miR-532-5p
(B) were observed in TNBC tumor tissues. ***P < 0.001 compared with normal paracancerous tissues. C The expression of miR-532-5p was negatively
correlated with the expression of ACTA2-AS1. r = − 0.701, P < 0.001
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Table 1 Association between patients’ clinicopathological features with ACTA2-AS1 or miR-532-5p expression level
Cases (119)

ACTA2-AS1

P

Low

high

Age

miR-532-5p

P

low

high

26

30

31

32

16

24

41

38

8

34

49

28

44

37

13

25

22

22

35

40

29

29

28

33

0.399

< 55

56

31

25

≥ 55

63

30

33

<2

40

22

18

≥2

79

39

40

Yes

42

32

10

No

77

29

48

Tumor size

0.762

0.561

Lymphatic metastasis

0.220

< 0.001

Histological grade

< 0.001

0.003

I-II

81

34

47

III

38

27

11

Family history

0.041

0.583

Yes

44

24

20

No

75

37

38

Pathological type

0.725

0.525

Ductal invasive

58

28

30

Others

61

33

28

TNM stage

0.655

0.005

0.008

I-II

73

30

43

42

31

III

46

31

15

15

31

ACTA2-AS1 (HR = 3.247) and miR-532-5p (HR = 3.214)
were demonstrated as two independent prognostic indicators of TNBC as well as the TNM stage (HR = 3.804),
histological grade (HR = 3.189), and lymphatic metastasis
status (HR = 3.638) according to the results of Cox multivariate regression analysis (Table 2).
The roles of ACTA2‑AS1 and miR‑532‑5p in the biological
function of TNBC cells

Consistent with the abnormal expression levels in TNBC
tumor tissues, the reduced ACTA2-AS1 level, and the
increased miR-532-5p level were observed in MDAMB-231, HCC1937, Hs578t, and BT-549 cells compared
with MCF-10A (Fig. 3A, P < 0.001). The overexpression of miR-532-5p was disclosed to suppress the luciferase activity of WT-ACTA2-AS1, while an opposite
effect was found in the knockdown of miR-532-5p on
WT-ACTA2-AS1 luciferase activity (Fig. 3B, P < 0.001).
The MT-ACTA2-AS1 was not influenced by miR-532-5p
dysregulation (P > 0.05).
The regulatory effect of ACTA2-AS1 on miR-532-5p
was evaluated in MDA-MB-231 and HCC1937 cells.
It was found that ACTA2-AS1 was dramatically
enhanced by the transfection of its overexpression vector (P < 0.001), and the transfection of miR-532-5p mimic

showed no significant effect on ACTA2-AS1 levels
(Fig. 3C, P > 0.05). For miR-532-5p, the overexpression of
ACTA2-AS1 exerted a significant inhibitory effect on its
expression (P < 0.001), which was reversed by the transfection of its mimic (Fig. 3D, P < 0.01).
Furthermore, the effects of ACTA2-AS1 and miR532-5p on the biological function of MDA-MB-231 cells
and HCC1937 cells were assessed. Elevated ACTA2AS1 dramatically suppressed the proliferation of MDAMB-231 (Fig. 4A) and HCC1937 cells (Fig. 4B, P < 0.01),
while the overexpression of miR-532-5p could alleviate
the inhibitory effect and restore cell viability (P < 0.05).
Similar to the migration (Fig. 4C and Fig. S1) and invasion (Fig. 4D and Fig. S2) of MDA-MB-231 and HCC1937
cells, ACTA2-AS1 also showed a markedly inhibitory
effect (P < 0.001), which was reversed by the elevating of
miR-532-5p (P < 0.01).

Discussion
Although significant regional and ethnic differences
appeared in the incidence of malignant tumors, TNBC
still accounts for a higher occurrence than other subtypes of breast cancer [14]. The early screening and
progression monitoring are critical factors closely associated with the clinical management of TNBC. Currently,
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Fig. 2 Prognosis of TNBC patients according to the expression of ACTA2-AS1 (A) and miR-532-5p (B). Both ACTA2-AS1 downregulation (log rank
P = 0.034) and miR-532-5p upregulation (log rank P = 0.018) are associated with the poor prognosis of TNBC patients. The online dataset verified the
significant prognostic value of ACTA2-AS1 (C) and miR-532-5p (D) in breast cancer

Table 2 Prognostic value of patients’ clinicopathological features
evaluated by Cox regression analysis
HR factor

95% CI

P

ACTA2-AS1

3.247

1.449–7.274

0.004

miR-532-5p

3.214

1.052–9.821

0.005

Age

1.659

0.782–3.520

0.187

Tumor size

1.816

0.726–4.543

0.202

Lymphatic metastasis

3.638

2.182–7.566

0.010

Histology grade

3.189

1.444–7.044

0.040

Family history

1.556

0.690–3.511

0.287

Pathological type

1.838

0.862–3.265

0.101

TNM stage

3.804

1.499–9.650

0.005

the identification of biomarkers has attracted special
attention in tumor research [15]. Increasing evidence
confirmed the functional role of abnormally expressed
lncRNAs and miRNAs in prognosis prediction and development regulation of TNBC and other malignant tumors
[16–19].
Herein, the dysregulation of ACTA2-AS1 and miR532-5p in TNBC was confirmed. Specifically, the downregulation of ACTA2-AS1 was observed in TNBC,
which was negatively correlated with the upregulation
of miR-532-5p. Previously, both ACTA2-AS1 and miR532-5p have been revealed to regulate tumor progression of human cancers and indicate patients’ outcomes.
For example, the increased expression of ACTA2-AS1
in cervical cancer was significantly correlated with the
advanced FIGO stage of patients, which indicated the
malignant development of cervical cancer [20]. In a clinical trait based on the tissues from TCGA, ACTA2-AS1
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Fig. 3 Expression and transfection of ACTA2-AS1 and miR-532-5p in TNBC cells. A Significant downregulation of ACTA2-AS1 and upregulation of
miR-532-5p were observed in the TNBC cells. ***P < 0.001 compared with normal cells. B The luciferase activity of WT-ACTA2-AS1 was significantly
suppressed by the overexpression of miR-532-5p and enhanced by miR-532-5p silencing. C, D The transfection of oe-ACTA2-AS1 significantly
enhanced ACTA2-AS1 (C) and inhibited miR-532-5p (D), while the transfection of miR-532-5p mimic reversed the inhibition of miR-532-5p and
showed an insignificant effect on ACTA2-AS1. ***P < 0.001 compared with control, ##P < 0.01, nsP > 0.05 compared with oe-ACTA2-AS1

was also identified as a biomarker of ovarian cancer that
is associated with patients’ overall survival [21]. Here, the
clinical significance of ACTA2-AS1 in TNBC patients’
illness andprognosis was also leaked out. ACTA2-AS1
showed a close relationship with the risk factors of TNBC

development, including patients’ lymphatic metastasis status, pathological grades, and the TNM stage. For
miR-532-5p, consistent with its negative correlation with
ACTA2-AS1, miR-532-5p was demonstrated as a ceRNA
of ACTA2-AS1, which was negatively regulated by
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Fig. 4 Effect of ACTA2-AS1 and miR-532-5p on cellular processes of TNBC. A, B ACTA2-AS1 overexpression significantly inhibited the proliferation
of MDA-MB-231 (A) and HCC1937 cells (B), which was alleviated by miR-532-5p upregulation. C, D ACTA2-AS1 overexpression significantly inhibited
the migration (C) and invasion (D) of MDA-MB-231 and HCC1937 cells, which was reversed by miR-532-5p upregulation. **P < 0.001, ***P < 0.001
compared with control, #P < 0.05, ##P < 0.01, compared with oe-ACTA2-AS1

ACTA2-AS1. The expression of miR-532-5p was different based on the types of human cancers. In glioma, miR532-5p was suggested to serve as a tumor suppressor
[22]. However, in breast cancer, miR-532-5p was upregulated accelerating the proliferation and migration of
breast cancer cells, which is consistent with our obtained
results [12]. The high expression of miR-532-5p was also
demonstrated to be related to the malignant progression
of TNBC patients, behaved as the occurrence of lymphatic metastasis, advanced histological grade and TNM
stage. Additionally, miR-532-5p was identified as an indicator of TNBC prognosis together with ACTA2-AS1,
which was verified by the online database. Moreover, the

insignificant association of ACTA2-AS1 or miR-532-5p
with patients’ tumor size and pathological types, which
are also critical risk factors of TNBC progression, was
observed. This might result from the relatively small
sample size and the single center data. Therefore, further
multiple center investigations with larger sample size are
needed, which would validate the significance of ACTA2AS1 and miR-532-5p in TNBC and might also provide
some new insights.
As the ceRNA of ACTA2-AS1, miR-532-5p was speculated to mediate the function of ACTA2-AS1 like its
role during the regulatory effect of other lncRNAs [16,
23]. For instance, LINC01410, as an illustrated sponge
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of miR-532-5p, promoted the angiogenesis and metastasis of gastric cancer, while miR-532-5p was found to
mediate the function of LINC01410 via attenuating the
NF-kappaB signaling [24]. In vitro, the overexpression of
ACTA2-AS1 was found to restrain the cellular processes
of TNBC cells, and miR-532-5p could reverse the inhibitory effect of ACTA2-AS1 overexpression and improve
cell viability and metastasis. The interaction of ACTA2AS1 with miR-532-5p was firstly reported in regulating
the development of ovarian cancer, where miR-532-5p
mediated the promotor role of ACTA2-AS1 [13]. Consistently, miR-532-5p was also found to mediate the effect
of ACTA2-AS1 in TNBC, indicating its involvement during the biological function of ACTA2-AS1 in TNBC cellular processes.
However, the obtained results were based on in vitro
cell experiments and clinical tissues, which lack in vivo
validation. Establishing corresponding rat models could
help further evaluate the function and mechanism of
ACTA2-AS1 and miR-532-5p in TNBC development
[25–27]. Therefore, further investigation should consider
the in vivo validation to complete the role of ACTA2-AS1
and miR-532-5p in TNBC. Additionally, adjuvant therapies might affect the significance of ACTA2-AS1 and
miR-532-5p in TNBC onset and development, which was
considered an outlook for our future studies.
According to the above findings, downregulated
ACTA2-AS1 and upregulated miR-532-5p in TNBC
acted as two biomarkers that indicated malignant tumor
progression and poor clinical prognosis. In addition,

Fig. 5 Graphical abstract
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ACTA2-AS1 served as a tumor suppressor that inhibited
the proliferation and metastasis of TNBC cells via sponging miR-532-5p. These results provide two promising
biomarkers for the management of TNBC, which could
help improve the diagnosis efficiency and progression
prediction (Fig. 5).

Methods
Study subjects

There were 119 patients with TNBC diagnosed at Fujian
Provincial Maternity and Children’s Hospital enrolled
in this study from January 2013 to December 2015. The
inclusion and exclusion criteria were: 1) patients with
negative expression of ER, PR, and HER2; 2) patients
were primarily diagnosed with TNBC; 3) patients
received surgery for the first time; 4) the clinical data of
enrolled patients are completed; 5) patients had received
adjuvant therapy before surgery were excluded. The study
had been approved by the Ethics Committee of Fujian
Provincial Maternity and Children’s Hospital (approval
no. 2013188) and had obtained signed informed consent
from patients.
The included patients received surgical treatment and
the tissue samples (tumor and normal paracancerous tissues) were collected during the surgery. The tissues were
confirmed by at least two pathologists (ER, PR < 1% and
non-amplified HER-2 on FISH) and stored at − 80 °C.
The tumor nuclei and necrosis were assessed with tumor
sections.
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Follow‑up survey

All patients were followed-up for 5 years after their surgical
treatments through outpatient clinical review or telephone.
The recurrence, metastasis, and death events were recorded
as the end events, and unrelated death was excluded.
Cell culture

TNBC cell lines (MDA-MB-231, HCC-1937, Hs578t, and
BT-20) and a normal cell line MCF-10A were purchased
from America Typical culture collection (ATCC, USA) and
cultured according to standard protocols. Briefly, the cell
culture was carried out in the DMEM medium (catalog#
11995065, Gibco, USA) with 10% FBS (catalog# 10438034,
Thermo Fisher Scientific, USA) and 1 × 105 U/L penicillin
and streptomycin (catalog# 15070063, Gibco, USA) under
sterile conditions at 37 °C with 5% CO2.
Cell transfection

The cultured cells at the logarithmic growth stage with a
density of 70–80% confluence were used in the cell transfection. To regulate ACTA2-AS1, cells were transfected
with pcDNA 3.1-ACTA2-AS1 (oe-ACTA2-AS1) or corresponding negative controls (oe-NC). pcDNA3.1 and negative controls were obtained from Life Technologies (USA)
and the transfected concentration was 50 nM. While miR532-5p mimic, inhibitor, or negative controls (50 nM) was
transfected into cells to regulate miR-532-5p. Cell transfection was conducted with the help of Lipofectamine 2000
(catalog# 11668019, Invitrogen, USA) for 48 h, and then the
cells were washed and collected for the following analyses.
Real‑time qPCR

Total RNA was first isolated from cell and tissue samples using TRIzol (catalog#15596018, Invitrogen, USA)
according to the manufacturer’s protocols. The purity
and concentration of extracted RNA were evaluated by
the absorbance at 260 and 280 nm. The reverse transcription into cDNA was performed with 2 μg RNA and the
lnRcute lncRNA First-standard cDNA kit (for ACTA2AS1, catalog# KR202, TIANGEN, China) or the miRcute miRNA First-standard cDNA Synthesis kit (for
miR-532-5p, catalog# KR201, TIANGEN, China) according to the manufacturer’s instruments. Then, the PCR
amplification was performed with the SYBR Green kit
on the Bio-Rad CFX96 real-time PCR detection system
(Bio-Rad, Germany) according to the following reaction
conditions: 95 °C × 10 min; (95 °C × 30 s, 50 °C × 1 min,
72 °C × 1 min) for 20 cycles; 72 °C × 3 min. The relative expression levels of ACTA2-AS1 and miR-532-3p
were calculated with the 2−ΔΔCt method normalized to
GAPDH and cel-miR-39, respectively. The sequences of
used primers are summarized in Table S1.
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Cell proliferation assessment

Cells (5 × 105 cells/well) were planted in the 96-well
plates and maintained in the DMEM culture medium
(containing 10% FBS) for a certain period. Then, the cells
were washed with PBS and resuspended in the culture
medium. CCK8 (catalog# CK04, Dojindo, Japan) was
added to each well with a ratio of 1: 10 to the culture
medium and incubated for another 2 h. The absorbance
at 450 nm was detected with a microplate reader (Molecular Devices, USA).
Cell metastasis assessment

Cells (5 × 105 cells/well) were seeded into the upper
chamber of the Transwell plates (24-well with a pore size
of 8 μm) maintained with an FBS-free culture medium at
37 °C with 5% CO2 for 48 h and allowed across the chamber plates. The Matrigel (catalog# 356234, corning, USA)
was used to coat the upper chambers before the invasion assessment. The bottom chamber was filled with
10% FBS-containing DMEM medium as the chemical
attractant. The cells successfully migrating or invading
the bottom chamber were stained with 0.1% crystal violet
(catalog# C6158, Sigma-Aldrich, USA) and viewed under
an optical microscope.
Dual‑luciferase reporter assay

The wild-type and mutant-type ACTA2-AS1 vectors
were constructed by cloning with predicted binding
sites (on https://starba se.sysu.e du.cn/) or mutant binding sites into the pmirGLO vector (catalog# E133A,
Promega, USA). To estimate the interaction between
ACTA2-AS1 and miR-532-5p, the constructed vectors
were co-transfected with miR-532-5p mimic, inhibitor,
or NC into the MDA-MB-231 cell using Lipofectamine
2000 (Invitrogen, USA). The relative luciferase activity
of ACTA2-AS1 was analyzed with the Dual-luciferase
Reporter System (Promega, USA) and normalized to
Renilla.
Statistical analyses

All data were expressed as mean value ± SD. according
to triplicate experiments and determinations. The statistical analyses were carried out with SPSS 26.0 software. The differences between groups were evaluated
with a student’s t-test or one-way ANOVA. The clinical
data of patients were analyzed with the Chi-square test.
The prognostic data proceeded with the Kaplan-Meier
and multivariate Cox analysis. Meanwhile, the online
Kaplan-Meier plot database (http://w ww.Kmplot.com)
was also employed to further validate the prognostic
significance of ACTA2-AS1 and miR-532-5p in breast
cancer. The significant differences were represented by
P < 0.05.

Peng et al. BMC Molecular and Cell Biology

(2022) 23:34

Abbreviations
TNBC: Triple-negative breast cancer; lncRNAs: Long non-coding RNAs; miRNAs:
Short non-coding RNAs.

Page 9 of 9

7.
8.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12860-022-00432-7.

9.

Additional file 1: Figure S1. Representative images of the migration of
MDA-MB-231 and HCC1937 cells with different transfection treatments.

10.

Additional file 2: Figure S2. Representative images of the invasion of
MDA-MB-231 and HCC1937 cells with different transfection treatments.

11.

Additional file 3: Table S1. The sequences of PCR primers.

12.

Additional file 4: Table S2. The list of abbreviations.

13.

Acknowledgements
Not applicable.
Authors’ contributions
YP designed the study and wrote the manuscript. XH and HW conducted the
experiment and analyzed the data. All authors have agreed to the publication
of this study.
Funding
The authors declare that no funds, grants, or other support were received during the preparation of this manuscript.
Availability of data and materials
The datasets generated during and/or analyzed during the current study are
not publicly available due to the complete project is not yet completed but
are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study had been approved by the Ethics Committee of Fujian Provincial
Maternity and Children’s Hospital (approval no. 2013188) and had obtained
signed informed consent from patients. The study was carried out in accordance with the Declaration of Helsinki.

14.
15.
16.
17.
18.

19.
20.
21.
22.

Consent for publication
Not applicable.

23.

Competing interests
The authors have no relevant financial or non-financial interests to disclose.

24.

Received: 6 May 2022 Accepted: 13 July 2022

25.
26.

References
1. Li T, Mello-Thoms C, Brennan PC. Descriptive epidemiology of breast cancer
in China: incidence, mortality, survival and prevalence. Breast Cancer Res
Treat. 2016;159:395–406.
2. McDonald ES, Clark AS, Tchou J, Zhang P, Freedman GM. Clinical diagnosis
and management of breast cancer. J Nucl Med. 2016;57(Suppl 1):9S–16S.
3. Li G, Hu J, Hu G. Biomarker studies in early detection and prognosis of breast
cancer. Adv Exp Med Biol. 2017;1026:27–39.
4. Winters S, Martin C, Murphy D, Shokar NK. Breast cancer epidemiology,
prevention, and screening. Prog Mol Biol Transl Sci. 2017;151:1–32.
5. Solanki M, Visscher D. Pathology of breast cancer in the last half century.
Hum Pathol. 2020;95:137–48.
6. Kumar P, Aggarwal R. An overview of triple-negative breast cancer. Arch
Gynecol Obstet. 2016;293:247–69.

27.

Li Z, Qian Z, Chen F, Jiang S, Meng L, Chen J. Identification of key lncRNAmRNA pairs and functional lncRNAs in breast cancer by integrative analysis
of TCGA data. Front Genet. 2021;12:709514.
Liu Z, Hu K, Wang X, Zhang Y, Wang W, Wu Y. lncRNA ACTA2-AS1
inhibits malignant phenotypes of gastric cancer cells. Open Med (Wars).
2022;17:266–79.
Pan Q, Huang Y, Wang Y, Li D, Lei C. LncRNA ACTA2-AS1 suppress colon
adenocarcinoma progression by sponging miR-4428 upregulation BCL2L11.
Cancer Cell Int. 2021;21:203.
Ying K, Wang L, Long G, Lian C, Chen Z, Lin W. ACTA2-AS1 suppresses lung
adenocarcinoma progression via sequestering miR-378a-3p and miR-4428
to elevate SOX7 expression. Cell Biol Int. 2020;44:2438–49.
Tsai HP, Huang SF, Li CF, Chien HT, Chen SC. Differential microRNA expression
in breast cancer with different onset age. PLoS One. 2018;13:e0191195.
Huang L, Tang X, Shi X, Su L. miR-532-5p promotes breast cancer proliferation and migration by targeting RERG. Exp Ther Med. 2020;19:400–8.
Li Y, Yang Z, Chen J. Mechanism underlying the regulation of lncRNA ACTA2AS1 on CXCL2 by absorbing miRNA-532-5p as ceRNA in the development
of ovarian cancer. Int J Clin Exp Pathol. 2021;14:596–607.
Torre LA, Siegel RL, Ward EM, Jemal A. Global cancer incidence and mortality
rates and trends--an update. Cancer Epidemiol Biomark Prev. 2016;25:16–27.
Hristova VA, Chan DW. Cancer biomarker discovery and translation: proteomics and beyond. Expert Rev Proteomics. 2019;16:93–103.
Fan CN, Ma L, Liu N. Systematic analysis of lncRNA-miRNA-mRNA competing endogenous RNA network identifies four-lncRNA signature as a
prognostic biomarker for breast cancer. J Transl Med. 2018;16:264.
Wang W, Lou W, Ding B, Yang B, Lu H, Kong Q, et al. A novel mRNA-miRNAlncRNA competing endogenous RNA triple sub-network associated with
prognosis of pancreatic cancer. Aging (Albany NY). 2019;11:2610–27.
Zhang L, Tao H, Li J, Zhang E, Liang H, Zhang B. Comprehensive analysis of
the competing endogenous circRNA-lncRNA-miRNA-mRNA network and
identification of a novel potential biomarker for hepatocellular carcinoma.
Aging (Albany NY). 2021;13:15990–6008.
Zhou RS, Zhang EX, Sun QF, Ye ZJ, Liu JW, Zhou DH, et al. Integrated analysis
of lncRNA-miRNA-mRNA ceRNA network in squamous cell carcinoma of
tongue. BMC Cancer. 2019;19:779.
Luo L, Wang M, Li X, Luo C, Tan S, Yin S, et al. A novel mechanism by which
ACTA2-AS1 promotes cervical cancer progression: acting as a ceRNA of miR143-3p to regulate SMAD3 expression. Cancer Cell Int. 2020;20:372.
Li N, Zhan X. Identification of clinical trait-related lncRNA and mRNA biomarkers with weighted gene co-expression network analysis as useful tool
for personalized medicine in ovarian cancer. EPMA J. 2019;10:273–90.
Wang YP, Liu J, Liu D, Wang XD, Bian AM, Fang DZ, et al. MiR-532-5p acts as
a tumor suppressor and inhibits glioma cell proliferation by targeting CSF1.
Eur Rev Med Pharmacol Sci. 2020;24:7206.
Li JH, Liu S, Zhou H, Qu LH, Yang JH. starBase v2.0: decoding miRNA-ceRNA,
miRNA-ncRNA and protein-RNA interaction networks from large-scale CLIPSeq data. Nucleic Acids Res. 2014;42:D92–7.
Zhang JX, Chen ZH, Chen DL, Tian XP, Wang CY, Zhou ZW, et al. LINC01410miR-532-NCF2-NF-kB feedback loop promotes gastric cancer angiogenesis
and metastasis. Oncogene. 2018;37:2660–75.
Giles ED, Wellberg EA. Preclinical models to study obesity and breast cancer
in females: considerations, caveats, and tools. J Mammary Gland Biol Neoplasia. 2020;25:237–53.
Korkmaz U, Ustun F. Experimental breast cancer models: preclinical imaging
perspective. Curr Radiopharm. 2021;14:5–14.
Smits BM, Cotroneo MS, Haag JD, Gould MN. Genetically engineered rat
models for breast cancer. Breast Dis. 2007;28:53–61.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

