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Long non-coding RNA VCAN-AS1 promotes the malignant behaviors of breast 
cancer by regulating the miR-106a-5p-mediated STAT3/HIF-1α pathway
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ABSTRACT
An accumulating number of studies have found that long noncoding RNAs (lncRNAs) participate in 
breast cancer (BC) development. LncRNA VCAN-AS1, a novel lncRNA, has been confirmed to regulate 
the progression of gastric cancer, while its role in BC is elusive. Here, our results illustrate that VCAN-AS1 
is overexpressed in BC tissues and cells, while miR-106a-5p was downregulated and negatively corre-
lated with VCAN-AS1. In addition, high VCAN-AS1 expression and low miR-106a-5p expression were 
closely correlated with poor overall survival in BC patients. Functional experiments confirmed that 
VCAN-AS1 overexpression notably accelerated BC cell proliferation, migration, invasion, and epithelial– 
mesenchymal transition (EMT) and enhanced tumor cell growth while also suppressing cell apoptosis. 
However, overexpression of miR-106a-5p had the opposite effects. In addition, rescue experiments 
confirmed that overexpression of VCAN-AS1 inhibited the tumor-suppressive effects mediated by miR- 
106a-5p. Mechanistically, through bioinformatics analysis, we found that VCAN-AS1 functions as 
a competitive endogenous RNA (ceRNA) of miR-106a-5p, which targets the 3ʹ untranslated region 
(UTR) of signal transducer and activator of transcription 3 (STAT3). Further experiments indicated that 
miR-106a-5p downregulated the STAT3/hypoxia-inducible factor-1alpha (HIF-1α) pathway, while acti-
vating the STAT3 pathway reversed miR-106a-5p-mediated antitumor effects. Collectively, our data 
suggest that VCAN-AS1 is upregulated in breast cancer and promotes its progression by regulating the 
miR-106a-5p-mediated STAT3/HIF-1α pathway. This study provides a new target for BC therapy.

ARTICLE HISTORY
Received 31 May 2021 
Revised 21 July 2021 
Accepted 22 July 2021 

KEYWORDS
Breast cancer; VCAN-AS1; 
miR-106a-5p; STAT3; HIF-1α; 
ceRNA

1. Introduction

Breast cancer (BC) is the most frequently diagnosed 
cancer in the world among women [1]. Despite recent 
advances in early diagnosis and effective 
treatment, BC in some patients progresses to the 
metastatic stage after therapy for unknown reasons 
[2,3]. Therefore, it is essential to search for novel 
molecules to understand the progression of breast 
cancer.

LncRNAs are noncoding RNAs that are over 200 
bases in length [4]. Despite the lack of protein-coding 
capacity, lncRNAs participate in gene expression reg-
ulation and are generally considered essential regula-
tors of cancers [5,6]. Various lncRNAs play different 
regulatory roles in BC. lncRNA SNHG1 inhibits miR- 
573, resulting in increased LIM domain only 4 
(LMO4) content, which accelerates BC cell prolifera-
tion and migration [7]. Additionally, lncRNA 
HOTTIP directly binds to miR-148a-3p and inhibits 

WNT1, leading to inactivation of the Wnt/β-catenin 
signaling pathway and aggravated BC development 
[8]. VCAN antisense RNA 1 (VCAN-AS1) (GeneID: 
105,379,054) is a lncRNA transcribed from a gene 
located on 5q14.3. Recent studies have revealed that 
VCAN-AS1 participates in the regulation of gastric 
cancer development [9,10]. However, the role of 
VCAN-AS1 in BC development remains unclear.

MicroRNAs (miRNAs), which are another type of 
noncoding RNA, greatly influence a variety of biolo-
gical processes, such as cell differentiation, intracellu-
lar homeostasis, genomic imprinting and 
organogenesis [11]. It can be transcribed and pro-
cessed similar to mRNA, but it does not code for 
proteins, and it affects various biological processes by 
regulating mRNA expression [12]. MiRNAs are 
abnormally expressed in various human diseases, 
including BC, and play an important role [13]. MiR- 
106a-5p, a miRNA, has been proven to be abnormally 
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expressed in cancer patients and regulates cancer pro-
gression. For instance, miR-106a-5p was downregu-
lated in clear cell renal cell carcinoma (RCC) and 
inhibited tumor cell growth and colony formation 
ability [14]. In addition, miR-106a-5p sensitizes osteo-
sarcoma cells to cisplatin treatment by targeting signal 
transducer and activator of transcription 3 
(STAT3) [15].

STAT3 is a well-characterized oncogene that 
affects various biological processes, including pro-
moting cell proliferation and survival by regulating 
Cyclin D1 and Bcl-2, inducing tumor invasion and 
metastasis by regulating E-cadherin and MMP-9, 
and promoting angiogenesis by HIF-1α expression 
[16]. Moreover, STAT3 is a well-identified onco-
genic regulator in breast cancer [17]. Hypoxia- 
inducible factor-1alpha (HIF-1α) principally med-
iates the transcriptional response of mammalian 
cells to hypoxia, which normally degenerates 
under normoxic circumstances and is stabilized 
in the hypoxic microenvironment [18]. A wealth 
of evidence proves that high expression levels of 
HIF-1α in solid tumors and during tumor growth 
are significantly limited after knocking out HIF- 
1α, which indicates that HIF-1α plays a vital role 
in cancer development [19,20]. Importantly, sev-
eral studies pointed to the interaction of HIF-1α 
with other signaling proteins, such as STAT3, for 
transactivation of HIF-1α target genes [16,21–23].

In recent years, studies have found that lncRNAs 
function as competitive endogenous RNAs 
(ceRNAs) by sponging miRNAs, which then target 
the 3ʹ-UTR of mRNAs. The lncRNA-miRNA- 
mRNA network prominently modulates tumor 
development. Thus, we hypothesized that there is 
a regulatory axis of VCAN-AS1-miR-106a-5p- 
STAT3/HIF-1α in BC development. In the present 
study, we performed in vitro and in vivo experiments 
to identify the role of VCAN-AS1 in BC develop-
ment, and we explored related regulatory mechan-
isms with the purpose of providing a novel target 
for BC treatment strategies

2. Materials and methods

2.1. Clinical specimen collection

Tumor tissues and healthy paracancerous tissues were 
collected from 40 pairs of BC patients undergoing 

surgical treatment at The First Affiliated Hospital of 
Nanchang University from January 2019 to 
April 2019. All patients were diagnosed with BC by 
pathologists at The First Affiliated Hospital of 
Nanchang University after pathological examination, 
and no tumor cells were found in the adjacent normal 
tissues. Once collected, each sample was divided: one 
part was fixed in paraformaldehyde, and the other 
part was immediately frozen and stored at −80°C for 
further use. General clinical data of the patients were 
collected, and patient prognosis was assessed after 
a follow-up period of 5–48 months. All patients who 
had not received radiotherapy, chemotherapy or 
other treatments prior to diagnosis agreed to be 
involved in this study and gave signed informed con-
sent. Detailed clinicopathological characteristics of the 
patients are listed in Table 1. This study was approved 
by the ethics committee of The First Affiliated 
Hospital of Nanchang University (Approval number: 
NCU-2019-023).

2.2. Cell culture

All BC cell lines (MCF7, MDA-MB-453, MDA- 
MB-231 and BT-549) and the human normal 

Table 1. The clinicopathological characteristics of the 40 breast 
cancer patients included.

Cases (%)

Age
≤ 50 21 (52.5%)
> 50 19 (47.5%)
Tumor size
≤ 2cm 17 (42.5%)
> 2cm 23 (57.5%)

ER status
Negative 14 (35.0%)
Positive 26 (65.0%)

PR status
Negative 12 (30.0%)
Positive 28 (70.0%)

HER-2 status
Negative 29 (72.5%)
Positive 11 (27.5%)
Lymphatic metastasis
Negative 22 (55.0%)
Positive 18 (45.0%)
TNM stage
I/II 24 (60.0%)
III/IV 16 (40.0%)
Distant metastasis
Negative 31 (77.5%)
Positive 9 (22.5%)

Abbreviations: TNM: tumor–node–metastasis; ER: estrogen receptor;PR: 
progesterone receptor; HER-2: receptor tyrosine-protein kinase 
erbB-2. 
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mammary epithelial cell line (MCF-10A) were 
purchased from the China Center for Type 
Culture Collection (Wuhan, China). Cells were 
grown in Dulbecco’s minimal essential medium/ 
Ham’s F12 (DMEM/F12) medium (Thermo Fisher 
Scientific, Shanghai, China), which contained 10% 
fetal bovine serum and were incubated with 5% 
CO2 at 37°C. The medium was changed once every 
other day. When the cell confluence reached 80%, 
the cells were trypsinized with 0.25% trypsin.

2.3. Cell transfection

RiBoBio (Shanghai, China) provided the pcDNA- 
VCAN-AS1 overexpression vector (VCAN-AS1) 
and its negative control (vector), small inferen-
cing RNA targeting VCAN-AS1 (si-VCAN- 
AS1#1, si-VCAN-AS1#2) and its negative control 
(si-NC), and miR-106a-5p mimics and its nega-
tive control (miR-NC). BC cell lines (MCF7, 
MDA-MB-453, MDA-MB-231 and BT-549) were 
digested using 0.25% trypsin, centrifuged (170 g 
for 5 min at room temperature) and collected. 
Next, BC cell lines (MCF7, MDA-MB-453, MDA- 
MB-231 and BT-549) were seeded in 24-well 
plates (1 × 105 cells each). After 24–36 h, the 
cell growth was stabilized, and the cells reach 
80% confluency. VCAN-AS1, vector, si-VCAN- 
AS1, si-NC, miR-106a-5p mimics or miR-NC 
were transfected into MCF7 and MDA-MB-453 
cells using FuGENE®HD Transfection Reagent 
(Roche, Shanghai, China) in accordance with 
the manufacturer’s instructions. Then, the cells 
were cultured at 37°C (5% CO2) for 24 h. Then, 
the culture medium was replaced with fresh cul-
ture medium. After an additional incubation at 
37°C (5% CO2) for 24 h, total cell RNA was 
extracted for real-time fluorescence quantitative 
PCR (RT-PCR) to assess the altered VCAN-AS1 
and miR-106a-5p expression in the transfected 
cells.

2.4. RT-PCR

BC tissues and adjacent normal tissues were col-
lected and lysed in TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA). Total RNA was extracted 
using the chloroform-isopropanol-ethanol 
method, and 75% ethanol was used for RNA 

precipitation. miRNA was extracted using 
a PureLink® miRNA Isolation Kit (Thermo Fisher 
Scientific, Shanghai, China). The concentration 
and purity of the total RNA were determined on 
an ultraviolet spectrophotometer (UV-1600PC, 
Mapada). The RevertAid First Strand cDNA 
Synthesis Kit (Thermo Fisher Scientific, 
Waltham, MA, USA) was then used to perform 
reverse transcription of 2 μg of total RNA from 
each group. The reaction conditions were as fol-
lows: 70°C for 10 min; 5 min on ice; 42°C for 
60 min; 95°C for 5 min; and 0°C for 5 min. The 
reverse transcription reaction of 2 μg of 
microRNA was performed using the TaqMan™ 
MicroRNA Reverse Transcription Kit (Thermo 
Fisher Scientific, Shanghai, China). Then, the 
obtained cDNA was amplified by quantitative 
fluorescence PCR on an Applied Biosystems™ 
7500 Real-time fluorescent quantitative PCR sys-
tem (Thermo Fisher Scientific). The 25 μL reaction 
contained 500 ng of each cDNA template, 0.25 
pmol/μL of reverse and forward primers, and 
12.5 μL of 2× SYBR Green qPCR Master Mix 
(MedChemExpress, NJ, USA). The primers were 
designed and synthetized by Sangon Biotech 
(Shanghai, China). The 2−ΔΔCt method was 
adopted to determine the relative expression of 
VCAN-AS1 and miR-106a-5p. U6 was used as 
the endogenous control for miR-106a-5p, and 
GAPDH was used as the endogenous control for 
the other genes. The primer sequences of each 
molecule are shown in Table 2.

2.5. Western blot

Total protein was extracted from the mouse tissues 
or cells using radioimmunoprecipitation assay 
(RIPA) lysis buffer (Beyotime, Shanghai, China). 
Then, a bicinchoninic acid (BCA) protein assay kit 
(Beyotime, Shanghai, China) was used to deter-
mine protein concentration. For each group, 
20 μg of total protein was separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to PVDF membranes 
(Millipore, USA) at a constant electric current of 
300 mA. This was followed by blocking with 
a TBST solution containing 5% skim milk (2 h, 
room temperature), and the PVDF membranes 
were incubated with a primary antibody overnight 
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at 4°C. The primary antibodies included Caspase3 
(Abcam, ab13847, 1:1000), Bax (Abcam, ab32503, 
1:1000), Bcl-2 (Abcam, ab32124, 1:1000), HIF-1α 
(Abcam, ab51608, 1:1000), STAT3 (Abcam, 
ab119352, 1:1000), E-cadherin (Proteintech, Cat. 
No. 20,874-1-AP, 1:1000), Vimentin (Proteintech, 
Cat. No. 10,366-1-AP, 1:1000), N-cadherin 
(Proteintech, Cat. 22,018-1-AP, 1:1000), β-actin 
(Proteintech, Cat. No. 60,008-1-Ig, 1:1000). 
Afterward, we rinsed the membranes with TBST 
4 times (8 min each) and incubated them for 1.5 h 
with either HRP-conjugated Affinipure goat anti- 
mouse IgG (H + L) secondary antibody 
(Proteintech, SA00001-1, 1:5000) or HRP- 
conjugated Affinipure goat anti-rabbit IgG 
(H + L) secondary antibody (Proteintech, 
SA00001-2, 1:5000). Finally, we washed the mem-
branes with TBST 4 times (8 min each time). X-ray 
development was performed using a Thermo 
Pierce ECL Western Blot Substrate kit.

2.6. Transwell assay

Cell migration and invasion were examined using 
24-well chambers with 8 µm pore size membranes 
(Corning, Beijing, China) without (migration) or 
with Matrigel (invasion) as previously described 
[6]. Briefly, MCF7 and MDA-MB-453 cells under-
went 0.25% trypsinization, centrifugation, and 
resuspension and were dispersed in single wells 
of a 24-well culture plate. A total of 5 × 104 cells 
were suspended in the top chamber with 200 μL of 
FBS-free medium, and 500 μL of medium with 
10% FBS was placed in the bottom chamber. For 
the invasion analysis, Matrigel (50 µl; BD 
Biosciences) was used to precoat the membrane 
surface. After incubation at 37°C for 24 h, the 
invading cells were fixed with methanol and then 
stained with crystal violet (0.5%) for 20 min at 
room temperature. After rinsing under running 
water, cells were counted under an inverted 

microscope. We conducted all experiments in tri-
plicate and repeated each experiment three times.

2.7. Detection of cell proliferation and viability

MCF7 and MDA-MB-453 cells were seeded into 
96-well plates and cultured for 24 h (1 × 103 cells/ 
well). Following the manufacturer’s instructions, 
BrdU Cell Proliferation ELISA Kit (colorimetric) 
(Abcam, ab126556) and Cell Counting Kit-8 
(CCK8, MedChemExpress, Cat. No. HY-K0301) 
were used to examine cell proliferation and viabi-
lity. The OD450 value was detected using 
a spectrophotometer (BIO-RAD, CA, USA) after 
the cells were treated with reagents.

2.8. Colony formation assay

A colony formation assay was performed to 
evaluate BC cell proliferation according to 
a previous study [23]. MCF7 and MDA-MB-453 
cells were seeded into 60 mm dishes (with 300 cells 
per dish). Then, the cells were cultured in an incuba-
tor with 5% CO2/95% air (at 37°C) for 14 days. Then, 
methanol was used to fix the colonies for 15 min. 
After being washed with PBS 3 times, 0.1% crystal 
violet was used to stain the colonies for 15 min at 
room temperature. Finally, the colonies were 
observed and counted under a light microscope.

2.9. Tumor xenograft model

A tumor xenograft model was used to evaluate the 
role of VCAN-AS1 in BC cell growth as previously 
described [24]. Ten female BALB/c nude mice (4– 
6 weeks old, female, the Laboratory Animal Center 
of Wuhan University) were randomly divided into 
two groups (n = 5 per group), vector and VCAN- 
AS1. MCF7 cells transfected with VCAN-AS1 or vec-
tor were trypsinized to generate a single-cell suspen-
sion. The cell count was adjusted to 5× l06/mL. MCF7 

Table 2. The primer sequences for RT-PCR.
Gene name Forward primer Reverse primer

VCAN-AS1 5ʹ-TGTTTTCCTTGGCTTTTGGA-3’ 5ʹ-GCTTTTCTCCACCCCACTTT-3’
miR-106a-5p 5ʹ-AACAATCAAAGTGCTGTTCGTGC-3’ 5ʹ-CAGTGCAGGGTCCGAGGT-3’
STAT3 5ʹ-CCAGTCAGTGACCAGGCAGAAG-3’ 5ʹ-GCACGTACTCCATCGCTGACA-3’
U6 5ʹ-ATTGGAACGATACAGAGAAGATT −3’ 5ʹ-GGAACGCTTCACGAATTTG-3’
GAPDH 5ʹ-GTGCTTTGACAAATCCCATCTGA-3’ 5ʹ-GTTACTGTCCCGGATCTTGTCCA-3’
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cells were treated with Matrigel (5 mg/ml) to enhance 
the rate of tumor formation. The left and right sides of 
each nude mouse were injected with 0.1 mL of 5× 106/ 
mL of the single-cell suspension, and the diet, activity 
and general condition of the nude mice were 
observed. Beginning on the 14th day, the tumor 
volume was measured according to the equation: 
volume = long diameter × short diameter2/2. The 
tumors were measured continuously for 5 weeks. 
Then, the mice were sacrificed, and the tumor weights 
were recorded. All animal experiments were approved 
by the Animal Care and Use Committee of the First 
Affiliated Hospital of Nanchang University and were 
in accordance with the National Guide for the Care 
and Use of Laboratory Animals.

2.10. Dual luciferase activity assay

A dual luciferase activity assay was performed to 
investigate the binding relationship between miR- 
106a-5p and VCAN-AS1 or STAT3 [23]. Vectors 
containing luciferase reporter sequences (including 
VCAN-AS1-WT, VCAN-AS1-MUT, STAT3-WT 
and STAT3-MUT) were constructed by Promega 
(Madison, WI, USA), in which VCAN-AS1-wt and 
STAT3-WT contained binding sites for miR-106a- 
5p. The binding sites of VCAN-AS1, STAT3 and 
miR-106a-5p were predicted through starBase, and 
neither VCAN-AS1-MUT nor STAT3-MUT had 
miR-106a-5p binding sites. MCF7 and MDA-MB 
-453 cells (4.5 × 104) were seeded in a 48-well plate 
and cultured until 70% confluence. Then, 
Lipofectamine® 2000 (Invitrogen) was used to 
cotransfect VCAN-AS1-WT, VCAN-AS1-MUT, 
STAT3-WT or STAT3-MUT into MCF7 and MDA- 
MB-453 cells with miR-106a-5p mimics or negative 
control constructs. After 48 h of transfection, we 
evaluated the luciferase activity using the Dual- 
Luciferase Reporter Assay System (Promega). We 
conducted all experiments in triplicate and repeated 
each experiment three times.

2.11. RNA immunoprecipitation (RIP) assay

An RIP assay was performed using a Magna RIP™ 
RNA Binding Protein Immunoprecipitation Kit 
(Millipore, Bedford, MA, USA) [6]. After the trans-
fected MCF7 and MDA-MB-453 cells were har-
vested, the cells were lysed using RIP lysis buffer 

(Solarbio, Beijing, China). Next, we added magnetic 
beads (Invitrogen) to RIP lysis buffer (Solarbio) and 
then conjugated the beads with anti-Ago2 (Abcam) 
or anti-IgG (Abcam) (overnight, 4°C). After diges-
tion with proteinase K (Absin, Shanghai, China) the 
immunoprecipitated RNA was acquired and then 
quantified by RT-PCR.

2.12. Flow cytometry

MCF7 and MDA-MB-453 cells were transfected 
with miR-106a-5p and/or VCAN-AS1 vectors and 
treated with 0.25% trypsin. Annexin V-FITC double 
staining (BD Biosciences, New Jersey, USA) was 
used to detect cell apoptosis [9]. Briefly, after being 
rinsed with cold PBS, the cells were resuspended in 
binding buffer (100 mmol/L NaCl, 25 mmol/L 
CaCl2, 100 mmol/L HEPES, pH 7.4) and stained 
with Annexin V-FITC/PI (15 min, room tempera-
ture). Finally, flow cytometry was carried out on 
a BD FACSCelesta™ Flow Cytometer (BD company) 
to measure the cell apoptosis rate.

2.13. Data processing

All data are presented as the mean ± standard 
deviation (x ± s). Statistical analysis of data was 
implemented utilizing SPSS 19.0 (SPSS Inc., 
Chicago, IL, USA). After testing the normality of 
the data, univariate analysis of variance was 
adopted for data comparison between groups fol-
lowed by Tukey’s test; Pearson correlation test was 
employed for analyzing the relationship between 
miR-106a-5p and VCAN-AS1 in BC tissues; differ-
ence analysis between the two groups was carried 
out by Student’s t-test. Kaplan–Meier survival 
curves were applied to observe the influence of 
VCAN-AS1 and miR-106a-5p expression differ-
ences on the prognosis of BC patients. Differences 
were considered statistically significant at P < 0.05.

3. Results

3.1. VCAN-AS1 and miR-106a-5p expression 
characteristics in BC tissues and cells

To investigate the effect of VCAN-AS1 and miR-106a- 
5p on the modulation of BC development, we col-
lected 40 pairs of BC and adjacent normal tissues. The 
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expression levels of VCAN-AS1 and miR-106a-5p 
were assessed by RT-PCR. The results illustrated that 
VCAN-AS1 levels in BC tissues were upregulated 
(compared with adjacent normal tissues, p < 0.001, 
Figure 1(a)), while miR-106a-5p was downregulated 
(compared with adjacent normal tissues, p < 0.001, 
Figure 1(b)). The results of linear regression analysis 
showed a significant negative correlation between 
VCAN-AS1 and miR-106a-5p in BC tissues 
(R2 = −0.5034, p < 0.0001, Figure 1(c)). Next, both 
VCAN-AS1 and miR-106a-5p levels in BC cell lines 
(MCF7, MDA-MB-453, MDA-MB-231 and BT-549) 
and a human normal mammary epithelial cell line 
(MCF-10A) were compared. The results showed that 
VCAN-AS1 levels were markedly enhanced in BC cell 
lines, with the highest level in MCF7 and MDA-MB 
-453 cells (Figure 1(d)), while miR-106a-5p was down-
regulated in BC cell lines (compared with MCF-10A) 
and had lower levels in MCF7 and MDA-MB-453 cells 
(Figure 1(e)). Furthermore, Kaplan–Meier plotter sur-
vival curves were used to analyze the relationship 
between VCAN-AS1 and miR-106a-5p and BC 

patient prognosis. The cutoff value of the VCAN- 
AS1 and miR-106a-5p level was the median. These 
results revealed that a high VCAN-AS1 level was 
related to worse survival in BC patients (p = 0.0484, 
Figure 1(f)), while a low miR-106a-5p level was asso-
ciated with worse survival in BC patients (p = 0.036, 
Figure 1(g)). In addition, we discovered that lower 
miR-106a-5p expression was also associated with 
poorer survival of BC patients (p = 0.071, Figure 1 
(h)) [analyzed by Kaplan–Meier Plotter (http:// 
kmplot.com/analysis/)]. Thus, both VCAN-AS1 and 
miR-106a-5p may facilitate the regulation of BC devel-
opment and may interact with each other.

3.2. VCAN-AS1 targeted miR-106a-5p

After searching the LncBase v.2 database, we found 
that miR-106a-5p contained complementary pairing 
sites with VCAN-AS1 (Figure 2(a)). To verify the 
interaction between the two, we carried out dual luci-
ferase activity experiments and RIP experiments. The 
results showed that miR-106a-5p remarkably reduced 

Figure 1. Expression characteristics of VCAN-AS1 and miR-106a-5p in BC tissues and cells.
Forty pairs of BC tissues and healthy tissues adjacent to cancer were collected. (a-b). RT-PCR was carried out to detect VCAN-AS1 (a) 
and miR-106a-5p (b) expression levels. (c) Linear regression analysis of the correlation between VCAN-AS1 and miR-106a-5p in BC 
tissues. (d-e) RT-PCR was used to compared VCAN-AS1 and miR-106a-5p levels in MCF7, MDA-MB-453, MDA-MB-231 and BT-549 as 
well as human normal mammary epithelial cell line (MCF-10A). (f-g) The relationship between VCAN-AS1 (f), miR-106a-5p (g) and the 
prognosis of BC patients was analyzed by Kaplan–Meier Plotter survival curve. (h) Analysis of miR-106a-5p expression with the 
overall survival of BC patients by Kaplan–Meier Plotter (http://kmplot.com/analysis/). NS, **, *** indicates p > 0.05, p < 0.01 and 
p < 0.001 vs. the Normal or MCF-10A group, respectively. 
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the luciferase activity of transfected VCAN-AS1-WT 
cells (p < 0.001) but had no significant effect on the 
luciferase activity of transfected VCAN-AS1-MUT 
cells (p > 0.05, Figure 2(b,c)). In addition, compared 
with the anti-IgG group, more VCAN-AS1 and miR- 
106a-5p were enriched in the anti-Ago2 group 
(p < 0.001, Figure 2(d,e)). Furthermore, we transfected 
VCAN-AS1-overexpressing vectors into MCF7 and 
MDA-MB-453 cells and found that the miR-106a-5p 
level was significantly inhibited compared with that in 
the vector group (p < 0.01, Figure 2(f)). Furthermore, 
we detected miR-106a-5p levels in the downregulated 
cell models of VCAN-AS1 (p < 0.001, Figure 2(g)). We 
found that inhibiting VCAN-AS1 markedly promoted 
miR-106a-5p levels (p < 0.01, Figure 2(h)). Thus, 
VCAN-AS1 is an endogenous competitive RNA of 
miR-106a-5p and inhibits miR-106a-5p expression.

3.3. Effects of VCAN-AS1 and miR-106a-5p on BC 
cell proliferation and apoptosis

To explore the regulation of the malignant pheno-
type in BC cells by both VCAN-AS1 and miR- 
106a-5p, we transfected VCAN-AS1 overexpres-
sion plasmids and/or miR-106a-5p mimics into 
MCF7 and MDA-MB-453 BC cells. The results 

showed that the level of miR-106a-5p in the 
VCAN-AS1 + miR-106a-5p group was notably 
downregulated compared with that in the miR- 
106a-5p group (p < 0.01, Figure 3(a,b)). Then, 
CCK8 and BrdU experiments were performed to 
assess cell viability and proliferation. The results 
illustrated that cell viability, proliferation, and col-
ony formation increased in the VCAN-AS1 group, 
while that of the miR-106a-5p group decreased 
(compared with the control group) (p < 0.05, 
Figure 3(c,f)). Interestingly, compared with that 
in the miR-106a-5p group, cell viability and pro-
liferation in the VCAN-AS1 + miR-106a-5p group 
were increased (p < 0.05, Figure 3(c,f)). In addi-
tion, cell apoptosis was detected through flow 
cytometry and western blot analysis. The results 
showed that the upregulation of VCAN-AS1 lim-
ited the cell apoptosis rate, upregulated Bcl-2 
expression and inhibited the expression of 
Caspase3 and Bax, while upregulation of miR- 
106a-5p enhanced cell apoptosis (p < 0.001, 
Figure 3(g,i)). Moreover, the apoptosis level of 
the cells in the VCAN-AS1 + miR-106a-5p group 
was remarkably inhibited compared with that of 
the miR-106a-5p group (p < 0.01, Figure 3(g,f)). 
Thus, VCAN-AS1 promotes the viability of BC 

Figure 2. VCAN-AS1 targets miR-106a-5p.
(a) Through LncBase v.2 database (http://starbase.sysu.edu.cn/), it was predicted that miR-106a-5p contains a site that is comple-
mentary to VCAN-AS1. (b-c) Using dual luciferase activity experiments to verify the regulatory relationship between miR-106a-5p and 
VCAN-AS1. (d-e) RT-PCR was carried out to detect the enrichment levels of VCAN-AS1 (d) and miR-106a-5p (e) in RIP lysates. (f) 
VCAN-AS1 overexpressing vectors were transfected into MCF7 and MDA-MB-453, and the level of miR-106a-5p in the cells was 
evaluated via RT-PCR. (g) si-VCAN-AS1 or si-NC vectors were transfected into MDA-MB-231 and BT-549. h. The level of miR-106a-5p 
in the cells was evaluated via RT-PCR. NS means p > 0.05, ** means p < 0.01, *** means p < 0.001. 
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Figure 3. Effects of VCAN-AS1 and miR-106a-5p on BC cell proliferation and apoptosis.
BC cells MCF7 and MDA-MB-453 were transfected with VCAN-AS1 overexpression plasmid and/or miR-106a-5p mimic, respectively 
(a-b). RT-PCR was performed to measure the expression of VCAN-AS1 (a) and miR-106a-5p (b). (c-d) Cell viability was detected using 
the CCK8 method. (e) The cell proliferation ability was examined via the BrdU method. (f) The cell colony ability was examined via 
the colony formation method. (g) Flow cytometry detection of cell apoptosis rate. (h-i) The expression of apoptosis-related proteins 
Bcl-2, Caspase 3 and Bax were measured by western blot. ** p < 0.01, *** p < 0.001 vs. control group, # p < 0.05, ## p < 0.01, ### 
p < 0.001 vs. VCAN-AS1 group, && p < 0.01, &&& p < 0.001 vs. miR-106a-5p group. 
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cells and suppresses cell apoptosis. Meanwhile, 
upregulated VCAN-AS1 also exerts its effect by 
inhibiting miR-106a-5p.

3.4. Effects of VCAN-AS1 and miR-106a-5p on BC 
cell migration, invasion and EMT

Furthermore, the altered migration, invasion and 
EMT of MCF7 and MDA-MB-453 cells were 
detected using a transwell assay and western blot 
analysis. The results revealed that the migration 
and invasion ability of cells in the VCAN-AS1 
group was enhanced, while that of cells in the 
miR-106a-5p group was weakened compared 
with the control group (p < 0.05, Figure 4(a,b)). 
At the same time, compared with that in the miR- 
106a-5p group, the cell migration and invasion 
ability in the VCAN-AS1 + miR-106a-5p group 
was increased (p < 0.01, Figure 4(a,b)). In addi-
tion, the expression of EMT markers (E-cadherin, 
vimentin and N-cadherin) was detected by western 
blot. The results showed that VCAN-AS1 over-
expression downregulated E-cadherin in cells and 
upregulated Vimentin and N-cadherin, while miR- 
106a-5p overexpression had the opposite effects 
(p < 0.01, Figure 4(c,d)). Moreover, compared 
with the miR-106a-5p group, the EMT of cells in 
the VCAN-AS1 + miR-106a-5p group was signifi-
cantly enhanced (p < 0.01, Figure 4(c,d)). Thus, 
VCAN-AS1 promotes BC cell migration, invasion 

and EMT, and this effect is largely achieved by 
inhibiting miR-106a-5p.

3.5. STAT3 is the downstream target of 
miR-106a-5p

For more profound exploration of the downstream 
molecular mechanism of miR-106a-5p, we pre-
dicted the potential signaling pathways and mole-
cular targets of miR-106a-5p through mirPath v.3 
and starBase, respectively. The results revealed that 
miR-106a-5p potentially regulates 38 significant 
pathways (p < 0.05), and ‘pathways in cancer’ 
were included. There were 42 potential pathway 
proteins in the ‘pathways in cancer’ (Figure 5(a)) 
(the pathway proteins in all 38 pathways are listed 
in Sup Table 1). Meanwhile, Venn diagram analy-
sis revealed that 399 genes shared miR-106a-5p 
targets in five databases (miRanda, TargetScan, 
PicTar, miRmap and microT) (Figure 5(b)). 
Venn diagram analysis showed that STAT3 was 
a frequent target of miR-106a-5p (Figure 5(c)), 
and STAT3 contained sites that paired with miR- 
106a-5p bases (Figure 5(d)). Thus, we carried out 
a dual luciferase activity experiment, and the 
results further verified that STAT3 was the target 
gene of miR-106a-5p (p < 0.001, Figure 5(e)). The 
STAT3 mRNA level in BC cells was detected by 
RT-PCR. The upregulation of miR-106a-5p signif-
icantly inhibited STAT3 mRNA levels (p < 0.001, 

Figure 4. Effect of VCAN-AS1 and miR-106a-5p on BC cell migration, invasion and EMT (a-b).
Transwell test was employed to detect MCF7 and MDA-MB-453 cell migration (a), invasion ability (b), (c-d). Changes in EMT-related 
proteins (E-cadherin, Vimentin and N-cadherin) were measured via western blot. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control 
group, ## p < 0.01, ### p < 0.001 vs. VCAN-AS1 group, && p < 0.01, &&& p < 0.001 vs. miR-106a-5p group. 
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Figure 5(f)). Importantly, several studies have 
found that STAT3 acts as an upstream regulator 
of HIF-1α and promotes its activation. Afterward, 
the expression levels of HIF-1α and STAT3 were 

measured by western blot. The results demon-
strated that, compared with the control group, 
the HIF-1α and STAT3 levels in the VCAN-AS1 
group were significantly upregulated, while the 

Figure 5. STAT3/ HIF-1α is the downstream target of miR-106a-5p
(a). Through mirPath v.3 (http://snf-515788.vm.okeanos.grnet.gr/index.php?r=mirpath), we predicted the potential signaling path-
ways of miR-106a-5p, including pathways in cancer (containing 42 genes). (b) Use starbase to predict the potential molecular targets 
of miR-106a-5p, and analyze the miR-106a-5p shared by five databases (miRanda, targetscan, pictar, miRmap and microT) using 
Wayne map target. (c). Analysis of the common target predicted by miR-106a-5p in mirPath v.3 and starbase using Wayne diagrams. 
(d) STAT3 contains base-pairing sites with miR-106a-5p. (e) The dual luciferase activity experiment was used to verify the targeting 
relationship between STAT3 and miR-106a-5p. (f) The mRNA expression levels of STAT3 were detected via RT-PCR. (g-h) The levels of 
HIF-1α and STAT3 were detected by western blot. NS means p > 0.05, ** p < 0.01, *** p < 0.001 vs. control group, ## p < 0.01, ### 
p < 0.001 vs. VCAN-AS1 group, &&& p < 0.001 vs. miR-106a-5p group. 
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HIF-1α and STAT3 levels in the miR-106a-5p 
group were remarkably downregulated (p < 0.01, 
Figure 5(g,h)). Interestingly, the HIF-1α and 
STAT3 levels in the VCAN-AS1 + miR-106a-5p 
group were notably upregulated compared with 
those in the miR-106a-5p group (p < 0.01, 
Figure 5(g,h)). Hence, VCAN-AS1/miR-106a-5p 
modulates BC development by regulating the 
STAT3/HIF-1α pathway.

3.6. Activating the STAT3 pathway reverses 
miR-106a-5p-mediated antitumor effects

To further confirm that STAT3 is the downstream 
target of miR-106a-5p, we treated MCF7 cells with 
interleukin-6 (IL-6), the activator of the STAT3 
pathway, according to previous studies [25,26]. 
Briefly, MCF7 cells were treated with IL-6 
(100 ng/ml, No. SRP3096, Sigma) for 2 h. We 
observed that STAT3 was significantly activated 
by IL-6 (data not shown). The RT-PCR results 
showed that IL-6 enhanced VCAN-AS1 expression 
and reduced miR-106a-5p (compared with the 
control group, p < 0.001, Figure 6(a,b)). Then, 
we found that cell viability, proliferation, and col-
ony formation increased in the IL-6 group, while 
that of the miR-106a-5p group decreased (com-
pared with the control group) (p < 0.01, Figure 6 
(c,e)). Interestingly, compared with the miR-106a- 
5p group, cell viability and proliferation increased 
in the miR-106a-5p+IL-6 group (p < 0.05, Figure 6 
(c,e)). In addition, flow cytometry and western 
blot results showed that the IL-6 group and miR- 
106a-5p+IL-6 group had reduced cell apoptosis 
compared with the control group or miR-106a-5p 
group (p < 0.05, Figure 6(f,g)). Moreover, the 
migration, invasion and EMT of MCF7 cells were 
also aggravated by IL-6 treatment (compared with 
that in the control group or miR-106a-5p group, 
p < 0.01, Figure 6(h,i)). As a result, IL-6 reversed 
the inhibitory effects of miR-106a-5p on BC cells.

3.7. Overexpression of VCAN-AS1 promotes 
tumor growth and EMT by regulating the miR- 
106a-5p/STAT3/HIF-1α pathway

To clarify the regulatory effect of VCAN-AS1 
on BC cell growth and metastasis, we conducted 
in vivo tumor experiments in nude mice. The 

results showed that the overexpression of VCAN- 
AS1 promoted the growth of BC cells (p < 0.001, 
Figure 7(a,c)). Molecular expression in tumor tis-
sues was detected, and it was found that compared 
with the vector group, the levels of VCAN-AS1 
and STAT3/HIF-1α in the VCAN-AS1 group 
were upregulated, while the levels of miR-106a- 
5p were downregulated (p < 0.001, Figure 7(d,f)). 
In addition, the expression of apoptosis- and 
EMT-related proteins was examined by western 
blot. We found that Bcl-2, vimentin, and 
N-cadherin expression was significantly upregu-
lated in the VCAN-AS1 group, while the levels of 
Bax, caspase-3 and E-cadherin were considerably 
downregulated (p < 0.01, Figure 7(g,h)), indicating 
that VCAN-AS1 inhibited the apoptosis of cells 
in vivo and promoted EMT. Therefore, overex-
pression of VCAN-AS1 promotes tumor growth 
and EMT by regulating the miR-106a-5p/STAT3/ 
HIF-1α pathway.

4. Discussion

In the present study, we investigated the expres-
sion characteristics of VCAN-AS1, a novel 
lncRNA, in BC tissues, as well as its role and 
mechanism in regulating BC development. Our 
results suggested that VCAN-AS1 is increased 
in BC and is related to worse patient survival. 
Additionally, VCAN-AS1 works as a ceRNA by 
sponging miR-106a-5p and activating the STAT3/ 
HIF-1α pathway, thereby promoting the prolifera-
tion and metastasis of BC cells.

As the most common type of malignant tumor 
that harms women’s health, the high rate of metas-
tasis in BC is a prominent reason. Data show that 
approximately 30%–40% of BC patients develop 
micrometastatic BC, and metastatic BC is often 
incurable [27]. The survival time of BC patients 
with distant metastasis is approximately 2–3 years, 
while only 5–10% of patients have a survival time 
of more than 5 years [27,28]. EMT is a process in 
which epithelial cells lose their polarity and reor-
ganize the cytoskeleton into a migratory mesench-
ymal phenotype. By losing the epithelial 
phenotype, EMT tumor cells acquire the ability 
to move, invade, and resist apoptosis so that 
tumor cells can break away from the primary 
tumor site [29]. The transfer of BC is accompanied 
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Figure 6. Activating the STAT3 pathway reverses miR-106a-5p-mediated antitumor effects.
BC cells MCF7 were transfected with miR-106a-5p mimics and/or treated with IL-6. (a-b) RT-PCR was performed to measure the 
expression of VCAN-AS1 (a) and miR-106a-5p (b). (c) Cell viability was detected using the CCK8 method. (d) The cell proliferation 
ability was examined via the BrdU method. (e) The cell colony ability was examined via the colony formation method. (f) Flow 
cytometry detection of cell apoptosis rate. (g) The expression of apoptosis-related proteins Bcl-2, Caspase3 and Bax were measured 
by western blot. (h) Transwell test was employed to detect MCF7 cell migration and invasion ability. (i) Changes in EMT-related 
proteins (E-cadherin, Vimentin and N-cadherin) were measured via western blot. ** p < 0.01, *** p < 0.001 vs. control group, ## 
p < 0.01, ### p < 0.001 vs. IL-6 group, & p < 0.05, && p < 0.01, &&& p < 0.001 vs. miR-106a-5p group. 
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by significant EMT, and the transfer of BC can be 
attenuated by regulating EMT [29]. For example, 
Astragalus polysaccharide (APS), the main compo-
nent of the traditional Chinese Astragalus mem-
branaceus medicine, exerts antitumor effects 
on BC by attenuating the migration, invasion and 
EMT of BC cells through the Wnt/β-catenin sig-
naling pathway [30]. Therefore, effective regula-
tion of EMT in BC cells reduces the progression 
of BC.

In recent decades, an increasing number of stu-
dies have found that the aberrant expression of 
various lncRNAs in BC is closely related to its 
occurrence, proliferation, and metastasis. For 
example, lncRNA OLBC15 is overexpressed 
in BC and enhances the viability, migration and 

metastasis of BC cells both in vivo and in vitro 
[31]. Moreover, SNHG6 is upregulated in BC tis-
sues and cell lines, and knocking down SNHG6 
decreases BC cell proliferation, migration and 
invasion both in vitro and in vivo [32]. Here, we 
found that VCAN-AS1 promoted BC cell prolif-
eration and viability, inhibited cell apoptosis, and 
accelerated BC cell migration, invasion and EMT. 
This phenomenon indicated that VCAN-AS1 
could be used as a prognostic indicator of BC 
and exerts a carcinogenic effect on BC. In fact, it 
was previously reported that VCAN-AS1 is 
increased in gastric cancer tissues and is related 
to the poor prognosis of gastric cancer patients. 
Meanwhile, VCAN-AS1 also negatively regulates 
TP53 expression by competitively binding with 

Figure 7. Overexpression of VCAN-AS1 promotes tumor growth and EMT by regulating the miR-106a-5p/STAT3/HIF-1α pathway.
(a). MCF7 was taken to transfect VCAN-AS1 and vector respectively, and tumor xenograft model was constructed. (b) The tumor 
volume changes. (c) The mice were sacrificed at the fifth week, and the tumor mass was measured. (d-e) Detection of VCAN-AS1 (d) 
and miR-106a-5p (e) expression in tumor tissues by RT-PCR. (f-h) The expression of STAT3/HIF-1α (f), apoptosis-related protein (g) 
and EMT-related protein (h) was detected via western blot. ** means p < 0.01, *** means p < 0.001. 
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eIF4A3 [9]. These findings confirm the oncogenic 
effect of VCAN-AS1 in the regulation of tumor 
progression.

As another type of noncoding RNA molecule, 
microRNA is involved in many biological processes 
through gene regulation, including the regulation of 
many tumors. In BC, miRNA also has a significant 
regulatory effect. For example, miR-185-5p induces 
a higher level of apoptosis in BC cells by targeting Bcl- 
2 [33]. Additionally, miR-615-3p is upregulated in BC 
and enhances EMT and metastasis of BC by targeting 
the PICK1/TGFBRI axis [34]. As an essential miRNA, 
miR-106a-5p has a variety of biological functions. For 
example, miR-106a-5p in combination with baicalein 
suppresses chondrocyte apoptosis in osteoarthritis 
[35]. miR-106a-5p targets FOXC1 to exert an inhibi-
tory effect on endometriosis (EMS) development, 
likely through the PI3K/Akt/mTOR signaling path-
way [36]. The function of miR-106a-5p is diverse in 
tumors. For example, miR-106a-5p plays 
a carcinogenic role in glioblastoma [37], colorectal 
cancer [38] and ovarian cancer [39] but has an antic-
ancer effect in renal cell carcinoma [40] and naso-
pharyngeal carcinoma [41]. Notably, miR-106a-5p 
was found to be a survival predictor and to 
inhibit BC development in several studies [42,43]. 
Here, we proved that miR-106a-5p was downregu-
lated in BC tissues, and a low level of miR-106a-5p 
was related to worse patient survival. More critically, 
overexpression of miR-106a-5p inhibited BC cell pro-
liferation, migration, invasion, and EMT and acceler-
ated cell apoptosis. These findings further confirmed 
the effect of miR-106a-5p on cancer inhibition in BC.

Many studies have found that lncRNAs, as endo-
genous competitive RNAs, affect the regulation of 
miRNA expression, while the latter regulates protein 
expression by binding to the 3ʹ-UTR end of mRNA 
transcribed by targeted genes in the miRNA- 
lncRNA-mRNA regulatory network [44]. Previous 
studies have found that the circular RNA RHOT1 
competitively inhibits miR-106a-5p expression, thus 
upregulating the expression of STAT3 and acceler-
ating the progression of BC [45]. In the present 
study, we found a negative correlation between the 
expression of VCAN-AS1 and miR-106a-5p in BC 
tissues. In addition, the upregulation of VCAN-AS1 
inhibited miR-106a-5p, while the dual luciferase 
activity experiment and RIP experiment confirmed 
that VCAN-AS1 could adsorb miR-106a-5p. 

Functionally, the upregulation of VCAN-AS1 lar-
gely reverses the tumor-suppressive effect mediated 
by miR-106a-5p. Therefore, we speculated that dur-
ing the BC process, VCAN-AS1 was upregulated, 
acting as a ceRNA to inhibit the expression and 
function of miR-106a-5p, a tumor suppressor mole-
cule, thus promoting the progression of BC as 
a cancer-promoting factor.

STAT3 is a signal transduction protein involved in 
the response of a large number of cytokines and 
growth factors in cells and is responsible for the 
regulation of a series of important physiological pro-
cesses, such as cell growth, proliferation, differentia-
tion and apoptosis [46]. Activation of the JAK/STAT3 
pathway also accelerates BC progression. For exam-
ple, JAK/STAT3 enhances BC stem cell self-renewal 
and chemoresistance by regulating fatty acid β- 
oxidation [47]. Note that noncoding RNAs also reg-
ulate tumor progression by regulating STAT3. For 
instance, lncRNA NEAT1 negatively regulates miR- 
124, which serves as a target of STAT3. The NEAT1/ 
miR-124/STAT3 axis forms a feedback loop to facil-
itate the proliferation and cell cycle progression of BC 
cells [48]. On the other hand, hypoxia-inducible factor 
1 (HIF-1), another vital transcription factor, becomes 
activated under hypoxic stress and then promotes the 
transcription of genes that are involved in crucial 
aspects of cancer biology, including angiogenesis, 
cell survival, glucose metabolism and invasion [49]. 
Interestingly, STAT3 acts as an upstream regulator of 
HIF-1α and promotes its activation. For example, 
epidermal growth factor (EGF) increases the activa-
tion of STAT3 through its phosphorylation, thus 
inducing HIF-1α upregulation and promoting the 
proliferation and metastasis of colorectal cancer cells 
[50]. Furthermore, elevated phosphorylated STAT3 
promotes trastuzumab resistance in human epidermal 
growth factor receptor 2 (HER2)-overexpressing BC 
cells by upregulating HIF-1α levels and downregulat-
ing PTEN [51]. These studies prove that the STAT3/ 
HIF-1α pathway plays a crucial role in modulating BC 
development. In our study, our bioinformatics analy-
sis results suggested that miR-106a-5p was an 
upstream target of STAT3. Further experiments indi-
cated that miR-106a-5p could downregulate the 
STAT3/HIF-1α pathway, while activating the STAT3 
pathway reversed the miR-106a-5p-mediated antitu-
mor effect. Therefore, VCAN-AS1 stimulated the 
STAT3/HIF-1α pathway by sponging miR-106a-5p.
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5. Conclusion

In summary, our study is the first to show that 
VCAN-AS1 promotes BC cell proliferation, migra-
tion, and invasion and inhibits cell apoptosis, sug-
gesting that it may serve as a potential target for BC 
therapy. Related mechanistic studies have confirmed 
that VCAN-AS1 increases the STAT3/HIF-1α path-
way by targeted inhibition of miR-106a-5p, thus 
exerting a carcinogenic effect. This study provides 
a new theoretical basis for BC treatment.
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