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Abstract. Long non-coding RNAs (lncRNAs) are considered 
to be important regulators in breast cancer. In the present study, 
the potential mechanisms and functional roles of lncRNA 
PSMG3-antisense (AS)1 were investigated in vivo and in vitro. 
The relative expression levels of lncRNA PSMG3-AS1 and 
microRNA (miR)-143-3p were determined using reverse-tran-
scription quantitative PCR. The protein expression levels 
of collagen type 1 alpha 1 (COL1A1) and proliferating cell 
nuclear antigen (PCNA) were obtained using western blot 
analysis. Bioinformatics analysis was used to identify the 
relationship between PSMG3-AS1, miR-143-3p and COL1A1. 
Colony forming and Cell Counting Kit-8 assays were used to 
detect cell proliferation. Transwell and wound-healing assays 
were used to determine cell migration. The results of the 
present study demonstrated that PSMG3-AS1 expression was 
increased in breast cancer tumor tissues and cell lines, and that 
of miR-143-3p was decreased. Knockdown of PSMG3-AS1 
increased the level of miR-143-3p expression, which led to the 
mitigation of proliferation and migration capacity in breast 
carcinoma cells. Additionally, PSMG3-AS1 knockdown was 
demonstrated to reduce the mRNA and protein expression 
levels of COL1A1. miR-143-3p mimic transfection reduced 
proliferation and migration in MDA-MB-231 and MCF-7 
cell lines. Furthermore, miR‑143‑3p inhibition significantly 
increased the proliferation and migration of breast cancer cells 

compared with the negative control group. The mRNA and 
protein expression levels of PCNA were reduced in the MCF-7 
cell line when transfected with miR-143-3p mimics and 
si-PSMG3-AS1. However, PCNA expression was increased in 
cells transfected with a miR-143-3p inhibitor. In conclusion, 
the results of the present study identified a novel lncRNA 
PSMG3-AS1, which serves as a sponge for miR-143-3p in the 
pathogenesis of breast cancer. PSMG3-AS1 may be used as 
a potential therapeutic target gene in breast cancer treatment.

Introduction

Breast cancer is recognized as the most common malignancy 
in women, with high incidence and mortality rates around the 
world (1,2). A study indicated that in 2018, 2.1 million indi-
viduals would be diagnosed with breast cancer, accounting for 
~25% of all cancer diagnoses in women (3). Breast cancer is the 
most frequently diagnosed cancer in the majority of countries 
(154 out of 185) and is the leading cause of cancer-associated 
mortality in >100 locations (3). Breast carcinoma ranks second 
and fourth for incidence and mortality worldwide, respec-
tively, and has escalated as an emerging epidemic. Therefore, 
determining the pathogenesis of breast cancer and developing 
more effective therapeutic strategies for this disease is crucial.

Recent research has documented that non-coding RNAs, 
which serve key roles in the pervasive transcription of the 
mammalian genome, constitute the majority of the transcribed 
genome (4,5). It has also been previously reported that ~2% 
of the human genome is associated with protein coding, 
while ~70-90% is transcribed into non-coding RNAs (6). 
MicroRNAs (miRNAs) and long non-coding RNAs (lncRNAs) 
are two significant forms of non‑coding RNAs (7,8). lncRNAs 
are characterized as having >200 nucleotides, and serve an 
essential role in a variety of biological processes, including 
cellular differentiation, metabolism, migration and apop-
tosis (9). Previous research has demonstrated that lncRNAs 
act as tumor promoters in breast cancer. For example, lncROR 
can serve as an oncogenic factor in breast cancer cells, leading 
to poor prognostic outcome (10). EZR-antisense (AS)1 was 
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revealed to be overexpressed in breast cancer tissues and may 
serve as a prognostic marker, leading to the promotion of 
migration, proliferation and invasion of breast cancer cells (11). 
lncRNA BLAT1 was revealed to be increased in basal-like 
breast cancer through epigenetic modifications (12). miRNAs 
are highly conserved small non-coding RNAs, consisting 
of 18-24 nucleotides, that can inhibit translation or induce 
mRNA degradation by binding to the 3'-untranslated regions 
(3'-UTRs) of target genes (13). Previous research has indicated 
that miR-143-3p can inhibit the proliferation, migration and 
invasion of breast cancer cells (1,14).

Previous research has proposed the competing endog-
enous RNAs (ceRNAs) hypothesis. This hypothesis states 
that endogenous RNAs, including mRNAs, pseudogenes 
and lncRNAs, include the miRNA recognition elements 
(MREs) that competitively combine with common miRNAs 
and reduce the inhibition of miRNAs on target genes, 
sequentially, increasing the expression of target genes and 
regulating cell activities (15). An increasing number of studies 
have demonstrated that lncRNAs can serve as ceRNAs to 
regulate mRNAs by sponging target miRNAs. Some studies 
have indicated that lncRNA-SNHG16 may act as a ceRNA 
through sponging miR-216-5p competitively to regulate the 
target gene zinc finger E‑box binding homeobox 1 in cervical 
cancer cell lines (16). LncRNA-SNHG16 has been indicated to 
increase the expression of the gene PRMT5 by serving as an 
endogenous sponge of miR-4518 in glioma cell lines (17). The 
HIF-2α/MALAT1/miR-216b axis has been demonstrated to 
regulate the multi-drug resistance of HCC cells by modulating 
autophagy (18).

The present study aimed to identify a signal axis for the 
lncRNA-miRNA-mRNA interaction in breast carcinoma. The 
results identified six lncRNAs to be associated with breast 
cancer, including PSMG3-AS1, through preliminary bioinfor-
matics analysis. The present study revealed that PSMG3-AS1 
was increased in breast carcinoma cell lines and tissues. 
Furthermore, PSMG3-AS1 regulated the expression of COL1A1 
by sponging miR-143-3p to affect breast carcinoma develop-
ment. As a consequence, a PSMG3-AS1/miR-143-3p/COL1A1 
regulatory axis was identified in the present study, which 
served a role in the pathogenic mechanism of breast cancer, 
and PSMG3-AS1 may act as a potential therapeutic target gene 
in breast carcinoma.

Materials and methods

Breast cancer tissue samples. The protocol of the present study 
conformed to the ethical guidelines of the 1975 Declaration 
of Helsinki and its later amendments. The present study was 
approved by the Ethics Committee of the Fifth Affiliated 
Hospital of Harbin Medical University. All participants signed 
informed consent, and patients provided informed consent for 
undergoing the procedures and for having data collected and 
analyzed for research purposes. A total of 33 patients with 
breast cancer were selected between October 2016 and August 
2018. Patients were aged 26-80 years, with an average age of 
56.42±11.12 years. The breast cancer tissue and para-carci-
noma tissue specimens were collected at the Fifth Affiliated 
Hospital of Harbin Medical University and maintained at 
‑80˚C for further use.

Cell lines. The normal breast epithelial cells MCF-10A and 
the breast cancer cell lines MDA-MB-468, MDA-MB-231 
and MCF-7 were obtained from the American Type Culture 
Collection. MCF-10A cells were cultured in MEGM (Cobioer 
Biosciences) with 100 ng/ml cholera toxin. MDA-MB-468, 
MDA-MB-231 and MCF-7 cells were cultured in DMEM 
(Sangon Biotech Co., Ltd.) supplemented with 10% fetal 
bovine serum (Sangon Biotech Co., Ltd.) and 1% antibiotics 
(penicillin 100 U/ml; streptomycin 100 µg/ml; Sangon Biotech 
Co., Ltd.). All cell lines were cultured in an incubator at 37˚C 
with 5% CO2.

RNA extraction, cDNA synthesis and reverse‑transcription 
quantitative (RT‑q) PCR. Total RNA was extracted from 
the tissue samples or cells using TRIzol® reagent (Thermo 
Fisher Scientific, Inc.), and the RNA concentration and 
purity were determined using BioSpec-nano (Beijing Daojin 
Medical Appliance Co., Ltd.). The cDNA of total RNA 
was synthesized using the ReverTra Ace® qPCR RT kit 
(cat. no. FSQ‑101; Toyobo Life Science) and the cDNA of 
miR-143-3p was synthesized using the Reverse transcription 
kit (Suzhou GenePharma Co., Ltd.). RT-qPCR for lncRNA 
PSMG3-AS1, COL1A1 and PCNA was performed using 
the THUNDERBIRD SYBR qPCR Mix (cat. no. QPS‑201; 
Toyobo Life Science), and the reaction procedure was 95˚C 
for 1 min, followed by 40 cycles at 95˚C for 15 sec, 60˚C 
for 30 sec and 72˚C for 1 min. miR‑143‑3p RT‑qPCR was 
performed using the miR-143-3p Hairpin-it™ Real-Time PCR 
kit, and the reaction procedure was 95˚C for 3 min, followed 
by 40 cycles at 95˚C for 12 sec and 60˚C for 40 sec. RT‑qPCR 
was performed using a StepOnePlus RT-qPCR instrument 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) and all 
procedures were carried out in accordance with the manufac-
turer's protocol. Relative expression levels were determined 
using the 2-ΔΔCq (19) method and normalized to β-Actin and 
U6. The primer sequences used were as follows. PSMG3-AS1 
forward, 5'-GAA GCA GAA CCA ACG CAC AG-3' and reverse, 
5'‑GCA TAA TCC AAT CCC TCA AGA A‑3'; ACTB forward, 
5'-CCT GGC ACC CAG CAC AAT-3' and reverse, 5'-GGG 
CCG GAC TCG TCA TAC‑3'; miR‑143‑3p forward, 5'‑CTG 
GCG TTG AGA TGA AGC AC-3' and reverse, 5'-CAG AGC 
AGG GTC CGA GGT A‑3'; U6 forward, 5'‑CGC TTC GGC 
AGC ACA TAT AC-3' and reverse, 5'-TTC ACG AAT TTG CGT 
GTC ATC‑3'; COL1A1 forward, 5'‑GCG TGT ACC CCA CTC 
AGC-3' and reverse, 5'-CCG AAC CAG ACA TGC CTC-3'.

Cell transfection. miR-143-3p mimics and negative control 
(NC), miR-143-3p inhibitor and NC and si-PSMG-AS1 and 
NC, were obtained from Suzhou GenePharma Co., Ltd. The 
sequences were as follows: miR-143-3p mimics forward, 
5'-UGA GAU GAA GCA CUG UAG CUC-3' and reverse, 5'-GCU 
ACA GUG CUU CAU CUC AUU‑3'); mimics‑NC forward, 
5'-UUC UCC GAA CGU GUC ACG UTT-3' and reverse, 5'-ACG 
UGA CAC GUU CGG AGA ATT‑3'); miR‑143‑3p inhibitor 
forward, 5'-GAG CUA CAG UGC UUC AUC UCA-3') and inhib-
itor‑NC reverse, 5'‑CAG UAC UUU UGU GUA GUA CAA‑3'); 
si-PSMG3-AS1 forward, 5'-GGA CGU CUC CCA UUC UGA 
ATT‑3' and reverse, 5'‑UUC AGA AUG GGA GAC GUC CTT‑3'); 
si-PSMG3-NC forward, 5'-UUC UCC GAA CGU GUC ACG 
UTT-3' and reverse, 5'-ACG UGA CAC GUU CGG AGA ATT-3'. 
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Prior to transfection, 5x105 cells/well were seeded into six-well 
plates. The RNA oligo was transfected in MDA-MB-231, 
MDA-MB-468 and MCF-7 cells using Lipofectamine 2000® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol.

Cell proliferation assay. The Cell Counting Kit (CCK)-8 assay 
was performed to calculate the proliferation of the breast 
cancer cell lines. Cells with different processing methods in 
different experimental groups were digested and seeded in 
96-well plates following transfection. Cells were then cultured 
for 24, 48 and 72 h, respectively. At the end of the experi-
ment, 10 µl CCK-8 solution (Sangon Biotech Co., Ltd.) was 
added into each well and the cells were incubated at 37˚C in a 
humidified incubator with 5% CO2 for 2 h. The absorbance of 
each well was measured at 450 nm using a microplate reader 
(Sunrise; Tecan Group Ltd.). The result of relative cell prolif-
eration was obtained by dividing the value measured at each 
time-point by the value at 0 h and setting the measured value 
at 0 h as 1 (20).

For the colony formation assay, 400 cells/well were plated 
and after 7 days of culture, the cells were washed with PBS, 
fixed with methanol and treated with 0.2% crystal violet, 
respectively. The colonies containing >50 cells were counted 
manually and images were obtained concurrently.

Cell migration assay. Wound-healing and Transwell assays 
were used to evaluate migration of RNA oligo-treated cell 
lines. For the wound healing assay, 200 µl pipette tips were 
used to create scratches when cells were 90% confluent. 
Images were obtained at 0 and 24 h, at the same position under 
a microscope (Olympus Corp.) at an x100 magnification, to 
compare cell migration. For the Transwell assay, the Transwell 
cups were placed in 24-well plates (Corning, Inc.). Following 
treatment with RNA oligo, 5x104 cells/well were placed in 
the upper chamber with 200 µl DMEM (Sangon Biotech Co., 
Ltd.). The lower chamber was filled with 600 µl of 10% FBS 
DMEM. The cells were then cultured for 24 h. The outer 
surface was subsequently washed three times with PBS, fixed 
with methanol for 20 min and stained with 0.2% crystal violet 
for 15 min at room temperature. The images were obtained 
immediately after drying. The number of migrated cells were 
counted in five randomly microscopic fields of view (Olympus 
Corp.) at an x400 magnification.

Western blot analysis. Total protein was isolated in cell lysis 
buffer for western blot analysis and immunoprecipitation in 
breast cancer cells (Beyotime Institute of Biotechnology). 
The proteins were quantified using an Enhanced BCA protein 
Assay kit (Beyotime Institute of Biotechnology) and equal 
amounts of protein lysates were subjected to 10% SDS-PAGE 
and transferred to a 0.45 µm PVDF membrane (Beyotime 
Institute of Biotechnology). The membranes were then blocked 
with blocking buffer and incubated at room temperature for 
1 h. Membranes were subsequently incubated with primary 
antibodies at 4˚C overnight. Incubation with secondary 
antibodies was performed at room temperature for 1 h. The 
primary antibodies used were as follows: COL1A1/Collagen 
I rabbit monoclonal antibody (1:750; cat. no. AF1840, rabbit 
anti-human), β-actin mouse monoclonal antibody (1:1,000; 

cat. no. AF0003, mouse anti-human), PCNA rabbit mono-
clonal antibody (1:1,000; cat. no. AF1363, rabbit anti‑human). 
The secondary antibodies used were as follows: HRP-labeled 
goat anti‑rabbit IgG (1:1,000; cat. no. A0208; goat anti‑rabbit), 
HRP‑labeled goat anti‑mouse IgG (1:2,000; cat. no. A0216; goat 
anti-mouse). All antibodies were purchased from Beyotime 
Institute of Biotechnology. The signals were detected using 
BeyoECL Plus (Beyotime Institute of Biotechnology). Finally, 
all proteins were exposed to X‑ray film and the protein bands 
were analyzed using ImageJ software (version 1.48; NIH; 
National Institutes of Health, Bethesda, MD, USA).

Bioinformatics analysis. miRNA-mRNA interactions and 
lncRNA-miRNA intersections were downloaded from star-
Base v2.0 (http://starbase.sysu.edu.cn/starbase2/index.php). 
mRNA and lncRNA expression profiles GSE47860 of breast 
cancer were downloaded [currently the chip platform suitable 
for this analysis is (huex-1_0-st) Affymetrix Human Exon 1.0 
ST Array], and highly competitive lncRNA regulated subnet-
works were constructed. Potential target genes of miR-143-3p 
were predicted using TargetScan (http://www.targetscan.
org/vert_71/), miRDB (http://www.mirdb.org/), miRTar-
Base (http://mirtarbase.mbc.nctu.edu.tw/php/search.php) 
and DIANA TOOLS (http://diana.imis.athena-innovation.
gr/DianaTools/index.php?r=site/page&view=software).

Statistical analysis. SPSS 18.0 software (SPSS, Inc.) was 
used for statistical analyses. All data are presented as the 
mean ± SEM from >two independent experiments. Differences 
between groups were analyzed using a Student's t-test (two 
groups) and a χ2 test was used to determine the correlation 
between the expression of PSMG3-AS1 and clinicopatholog-
ical features. P<0.05 was considered to indicate a statistically 
significant result.

Results

PSMG3‑AS1 is upregulated in breast cancer tissues and 
cell lines. Through preliminary bioinformatics analysis six 
lncRNAs were revealed to be associated with breast cancer, 
including PSMG3-AS1 (Fig. 1A). To examine PSMG3-AS1 
expression in breast cancer tissues and cell lines, a total of 
33 pairs of breast cancer tissues (Tumor) and para-carcinoma 
tissues (Non-tumor), and three breast cancer cell lines 
(MDA-MB-468, MDA-MB-231 and MCF-7) were used to 
detect PSMG3-AS1 expression. The results indicated that the 
expression of PSMG3‑AS1 in cancer tissues was significantly 
higher compared with non‑tumor tissues (P<0.05; Fig. 1B). 
Similarly, PSMG3-AS1 was increased in MDA-MB-468, 
MDA-MB-231 and MCF-7 cell lines compared with 
non-metastatic human mammary epithelial cell line MCF-10A 
(P<0.05; Fig. 1C). Additionally, the present study investigated 
the association between the expression of PSMG3-AS1 and the 
clinicopathological characteristics of 33 patients with breast 
cancer (Table I). The results demonstrated that PSMG3-AS1 
served a critical role in the development of breast cancer.

Silencing of PSMG3‑AS1 attenuates the progression of breast 
cancer cells. PSMG3-AS1 was silenced in MDA-MB-468, 
MDA-MB-231 and MCF-7 cell lines. RT-qPCR was 
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performed to examine the efficiency of PSMG3‑AS1 small 
interfering (si)RNAs. As presented in Fig. 2, the expression of 
PSMG3-AS1 was decreased in the PSMG3-AS1 siRNA-trans-
fected groups (P<0.05; Fig. 2A). The results of the CCK‑8 and 
colony forming assays indicated that silencing of PSMG3-AS1 
inhibited the proliferation of MDA-MB-231 and MCF-7 
breast cancer cells (P<0.05; Fig 2B and C). Furthermore, 
the results of the Transwell assay demonstrated that the 
migration of MDA-MB-231 and MCF-7 breast cancer cells 
were significantly decreased after PSMG3‑AS1 knockdown 
(P<0.05; Fig. 2D), and wound‑healing assay demonstrated that 
the migration of MCF‑7 breast cancer cells was significantly 
reduced after PSMG3‑AS1 knockdown (P<0.05; Fig. 2E).

miR‑143‑3p is a target of PSMG3‑AS1 in breast cancer. 
Increasing evidence has indicated that lncRNAs may func-
tion as ceRNAs or a molecular sponge in the regulation of a 

variety of miRNA biological functions (21). The present study 
identified three miRNAs, which could bind with PSMG3‑AS1, 
from starBase v 2.0 (http://starbase.sysu.edu.cn/mirLncRNA.
php), including miR-143-3p, which has been reported to be 
associated with breast cancer (1,14). In the present study, 
the expression of miR-143-3p was downregulated in tumor 
tissues compared with non‑tumor tissues (P<0.05; Fig. 3A). 
miR-143-3p was also revealed to be reduced in MDA-MB-468, 
MDA-MB-231 and MCF-7 breast cancer cell lines compared 
with MCF‑10A (P<0.05; Fig. 3B).

Whether lncRNA PSMG3-AS1 could bind with miR-143-3p 
was also assessed in the present study (Fig. 3C). PSMG3-AS1 
was silenced in breast cancer cell lines MDA-MB-468, 
MDA-MB-231 and MCF-7, and the RT-qPCR results revealed 
that miR-143-3p was significantly upregulated compared 
with the NC group (P<0.05; Fig. 3D). The overexpression of 
miR-143-3p downregulated the level of PSMG3-AS1, and 

Figure 1. PSMG3‑AS1 is significantly increased in breast carcinoma tissues and cell lines. (A) LncRNA screening was closely associated with breast cancer. 
(B) RT-qPCR was performed to examine the expression of PSMG3-AS1 in tumor tissues and adjacent cancerous tissues. (C) The expression of PSMG3-AS1 
in three breast cancer cell lines (MDA-MB-468, MDA-MB-231 and MCF-7) and a normal breast epithelial cell line MCF-10A was assessed using RT-qPCR. 
Error bars represented the mean ± SEM acquired from three independent experiments. *P<0.05, **P<0.01, ***P<0.001. AS, antisense; RT‑qPCR, reverse 
transcription‑quantitative PCR; lncRNA, long non‑coding RNA.
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with the inhibition of miR-143-3p, the opposite results were 
obtained (P<0.05; Fig. 3E and F). Based on these results, 
PSMG3-AS1 may act as a ceRNA to bind with miR-143-3p.

Overexpression or inhibition of miR‑143‑3p may influence 
progression of breast cancer cells. miR-143-3p mimics, 
mimics-NC, miR-143-3p inhibitor and inhibitor-NC were trans-
fected into breast cancer cell lines. RT-qPCR was performed 

to examine transfection efficiency (Fig. 4A). CCK‑8 and colony 
forming assays were used to assess cell proliferation, and 
Transwell and wound-healing assays were used to assess cell 
migration. The results demonstrated that the overexpression of 
miR-143-3p reduced the proliferative ability of MDA-MB-231 
and MCF-7 cells (Fig. 4B and C). Additionally, Transwell assay 
revealed that the migratory capacities of MDA-MB-231 and 
MCF-7 cells were decreased (Fig. 4D), and wound-healing 

Figure 2. Silencing of PSMG3-AS1 suppresses proliferation and migration in breast cancer cells. (A) MDA-MB-468, MDA-MB-231 and MCF-7 breast carci-
noma cell lines were transfected with si‑PSMG3‑AS1 and RT‑qPCR was used to examine the transfection efficiency. (B and C) Colony formation and CCK‑8 
assays were performed to detect the proliferative ability of breast cancer cells incubated with si-PSMG3-AS1. (D and E) Transwell and wound healing assays 
were used to examine the migratory ability of cells treated with si-PSMG3-AS1. Error bars represented the mean ± SEM acquired from three independent 
experiments. *P<0.05, **P<0.01, ***P<0.001. AS, antisense; si, small interfering; RT‑qPCR, reverse transcription‑quantitative PCR; CCK‑8, Cell Counting Kit‑8.

Table Ⅰ. Relationship of PSMG3‑AS1 expression with clinic pathological features in breast cancer patients.

 Variable
 ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 Age (years) Tumor size WHO grade
 -------------------------------------------------- ------------------------------------------------- ------------------------------------------------
Expression of lnc‑PSMG3‑AS1 ≤60 >60 ≤5 cm >5 cm Ⅰ‑Ⅱ Ⅲ

Low (%) 13 (81.25)  3 (18. 75) 13 (81.25) 3 (18.75) 11 (68.75) 5 (31.25)
High (%) 10 (58.82) 7 (41.18) 15 (88.24) 2 (11.76) 14 (82.35) 3 (17.65)
P-value 0.259 0.656 0.438
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assay revealed that the migratory capacity of MCF-7 cells 
was reduced (Fig. 4E) with overexpression of miR-143-3p. In 
contrast, inhibiting miR-143-3p significantly increased the 
proliferation of MDA-MB-231 and MCF-7 cell lines compared 
with the inhibitor-NC group (Fig. 4F and G), and Transwell assay 
revealed that the migratory capacities of MDA-MB-231 and 
MCF-7 cells were increased (Fig. 4H) and wound-healing 
assay revealed that the migratory capacity of MCF-7 cells was 
enhanced (Fig. 4I). These results were consistent with previous 
research which determined this in other tumor types (22).

miR‑143‑3p may serve a role in regulating its target gene 
COL1A1. Using bioinformatic analysis, a total of 15 candi-
dates were identified as common target genes for miR‑143‑3p 

(Fig. 5A). Among these genes, COL1A1 was increased in 
a number of malignant tumors and had been reported to 
contribute to tumor cell amplification and migration (23). The 
binding sites between miR-143-3p and COL1A1 were searched 
using bioinformatics analysis (Fig. 5B). The mRNA expres-
sion of COL1A1 in patient tumor tissues and breast cancer 
cell lines was increased, and these results were in accordance 
with those for PSMG3-AS1 (Fig. 5C and D). The present study 
indicated that the overexpression of miR-143-3p decreased the 
mRNA expression of COL1A1 in three breast cancer cell lines 
(Fig. 5E). However, the inhibition of miR-143-3p expression 
increased the mRNA of COL1A1 (Fig. 5F). Furthermore, the 
COL1A1 protein expression level in MCF-7 cells, which were 
treated with miR-143-3p mimics and inhibitor, was consistent 

Figure 3. miR‑143‑3p is identified as a target gene of PSMG3‑AS1. (A) RT‑qPCR was performed to detect the expression of miR‑143‑3p in tumor and non‑tumor 
tissues. (B) The expression of miR-143-3p in three breast cancer cell lines (MDA-MB-468, MDA-MB-231 and MCF-7) and a normal breast epithelial cell 
line MCF-10A was assessed using RT-qPCR. (C) Bioinformatics analysis indicating the interaction of PSMG3-AS1 with miR-143-3p. (D) Relative expression 
of miR-143-3p in si-NC and si-PSMG3-AS1 in three breast cancer cell lines. (E and F) Relative expression of PSMG3-AS1 in three breast cancer cell lines 
transfected with miR-143-3p mimics, mimics-NC, miR-143-3p inhibitor and inhibitor-NC. Error bars represented the mean ± SEM acquired from three inde-
pendent experiments. *P<0.05, **P<0.01, ***P<0.001. miR, microRNA; AS, antisense; RT‑qPCR, reverse transcription‑quantitative PCR; si, small interfering; 
NC, negative control.
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Figure 4. Effect of miR-143-3p expression on cell proliferation and migration in breast cancer cells. (A) Relative expression of miR-143-3p in breast cancer cell 
lines MDA-MB-468, MDA-MB-231 and MCF-7 transfected with miR-143-3p mimics, mimics-NC, miR-143-3p inhibitor or inhibitor-NC. (B and C) Colony 
formation and CCK-8 assays were performed to detect the proliferative ability of breast cancer cells transfected with miR-143-3p mimics or mimics-NC. 
(D and E) Transwell and wound healing assays were performed to detect the migratory ability of cells transfected with miR-143-3p mimics and mimics-NC. 
(F and G) Colony formation and CCK-8 assays were used to examine the proliferative ability of breast cancer cells transfected with miR-143-3p inhibitor or 
inhibitor-NC. (H and I) Transwell and wound healing assays were performed to detect the migration of cells treated with miR-143-3p inhibitor or inhibitor-NC. 
Error bars represented the mean ± SEM acquired from three independent experiments. *P<0.05, **P<0.01, ***P<0.001. miR, microRNA; NC, negative control; 
CCK-8, Cell Counting Kit-8.
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with the COL1A1 mRNA expression level (Fig. 5G). In the 
present study, silencing of PSMG3-AS1 in breast cancer cells 
was revealed to reduce COL1A1 mRNA and protein expres-
sion (Fig. 5H and I). Therefore, the present study demonstrated 
that PSMG3-AS1 could regulate COL1A1 by binding with 
miR-143-3p.

The expression of the cell proliferation marker PCNA is 
consistent with that of PSMG3‑AS1. It is well established that 
PCNA is a cell proliferation-associated protein and manifests 
its expression during the cell division of normal and neoplastic 
cells (24). The cell proliferation marker PCNA expression 
is associated with the genesis and development of a variety 
of cancer types, including breast cancer (25) and gastric 
cancer (26). In the present study, PCNA mRNA expression was 
upregulated in three breast cancer cell lines compared with 
MCF-10A cells (Fig. 6A). This result was consistent with the 
results of PSMG3-AS1. Furthermore, the results also indicated 

that in the MCF-7 breast cancer cell line, the mRNA and 
protein expression of PCNA was consistent with PSMG3-AS1 
after transfection with PSMG3-AS1 siRNAs, miR-143-3p 
mimics and miR-143-3p inhibitor (Fig. 6B and C). Therefore, 
it can be concluded that lncRNA PSMG3-AS1 may serve as 
a tumor promoter in breast cancer, and may combine with 
miR-143-3p to increase the expression of COL1A1.

Discussion

Breast cancer is a type of malignant tumor, and is the most 
common cancer among women (2). Currently, combined 
with early diagnoses, radical surgery with adjuvant therapy 
could decrease breast cancer-associated mortality rates (27). 
However, breast cancer is still the most common gynecologic 
cancer. Multiple studies have demonstrated that lncRNAs are 
deregulated in a variety of human cancer types, including 
breast cancer (28,29), bladder cancer (30,31), glioma (17,32), 

Figure 5. COL1A1 is identified as a target gene of miR‑143‑3p. (A) A Venn diagram presenting 4 software databases which predicted miRNA targets and 
identified 15 candidate genes that may interact with miR‑143‑3p. (B) A putative miR‑143‑3p site exists in the 3'‑UTR of the COL1A1 mRNA. (C) The rela-
tive mRNA expression of COL1A1 in breast cancer tissues and adjacent cancerous tissues. (D) The relative mRNA expression of COL1A1 in three breast 
cancer cell lines (MDA-MB-468, MDA-MB-231 and MCF-7) and a normal breast epithelial cell line MCF-10A. (E and F) mRNA expression of COL1A1 
in MDA-MB-468, MDA-MB-231 and MCF-7 cell lines transfected with miR-143-3p mimics, mimics-NC, miR-143-3p inhibitor or inhibitor-NC. (G) The 
COL1A1 protein expression in MCF-7 cells treated with miR-143-3p mimics and inhibitor. (H and I) Silencing of PSMG3-AS1 in MCF-7 cells reduced the 
mRNA and protein expression of COL1A1. *P<0.05, **P<0.01, ***P<0.001. COL1A1, collagen type 1 alpha 1; miR, microRNA; UTR, untranslated region; 
NC, negative control; si, small interfering; AS, antisense.
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lung cancer (33) and hepatocellular cancer (18,34). Recently, 
studies have indicated that lncRNAs serve a role in a variety of 
biological processes, including in chromatin modification, tran-
scriptional regulation, genomic imprinting and the regulation 
of protein function (9,35). Studies have explored the abnormal 
expression of lncRNAs and their association with tumor 
initiation, growth and metastasis in tumor cells. Zhao et al (36) 
indicated that SNHG16 knockdown inhibited metastasis, prolif-
eration and vasoformation of HemECs. Katsushima et al (37) 
revealed that the inhibition of TUG1 by siRNA reduced cell 
proliferation in glioma stem cells. Zhou et al (38) indicated that 
lncRNA H19 may serve an essential role in tumor metastasis, 
and that lncRNA H19 expression was correlated with metastasis 
in human breast cancer. Due to this, it can be concluded that 
lncRNAs may be used as diagnostic markers of metastatic 
tumors, and exhibit great clinical importance.

In the present study, a total of six lncRNAs (H19, XIST, 
TUG1, HOXA-AS2, ZBED3-AS1 and PSMG3-AS1) were 
screened using bioinformatics analysis. To date, little research 
has been performed assessing the role of lncRNAs in tumors, 
especially regarding the mechanism of PSMG3-AS1 in breast 
cancer. Therefore, the present study focused on determining 
PSMG3-AS1 expression. PSMG3-AS1 was demonstrated to be 
upregulated in breast cancer tumor tissues and breast cancer 
cell lines, suggesting it may serve an important role in the 
progression of breast cancer. The results indicated that knock-
down of PSMG3-AS1 inhibited breast cancer cell proliferation 
and migration. CCK-8 and colony forming assays revealed that 

cell proliferation ability was reduced, and both Transwell and 
wound-healing assays indicated that migratory capacities were 
decreased. The mRNA and protein expression of cell prolif-
eration marker PCNA were consistent with PSMG3-AS1. In 
summary, PSMG3-AS1 may serve a role in promoting tumor 
formation in breast cancer.

Bioinformatics analysis indicated that the miR-143-3p was 
a direct target gene of PSMG3-AS1, and previous research had 
indicated that miR-143-3p inhibited the progression of breast 
cancer cells and osteosarcoma cells (1,22). In the present 
study, miR-143-3p expression was reduced in breast cancer 
tissues and cell lines. Silencing of PSMG3-AS1 in breast 
cancer cells increased the expression level of miR-143-3p, 
and overexpression of miR-143-3p decreased the expression 
levels of PSMG3-AS1 and inhibited breast cancer cell prolif-
eration and migration. Additionally, the opposite results were 
obtained after inhibition of miR-143-3p. Recent studies have 
demonstrated that COL1A1 promotes the metastasis of breast 
cancer and is a potential therapeutic target gene (39). The 
results of the present study revealed that COL1A1 is the target 
gene of miR‑143‑3p, which was identified using bioinformatics 
analysis. Overexpression of miR-143-3p may downregulate the 
mRNA and protein expression of COL1A1, and inhibition of 
miR-143-3p may induce the opposite experimental results.

The results of the present study indicated that lncRNA 
(PSMG3-AS1)-miRNA (miR-143-3p)-mRNA (COL1A1) may 
act as a signal axis in breast cancer. One of the main effects of 
lncRNAs is to act as a sponge for miRNAs, and to reduce the 

Figure 6. PCNA protein and mRNA levels in different transfection groups. (A) The relative mRNA expression of PCNA was upregulated in three breast 
cancer cell lines compared with MCF-10A cells. (B and C) The mRNA and protein expression of PCNA were decreased in MCF-7 breast cancer cell lines by 
transfection with miR-143-3p mimics and si-PSMG3-AS1, while they were increased in the cells by transfection with inhibitor-miR-143-3p. *P<0.05, **P<0.01, 
***P<0.001. PCNA, proliferating cell nuclear antigen; miR, microRNA; si, small interfering; AS, antisense.
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expression and activity of miRNAs (16). miRNAs serve a regu-
latory role by directly binding to target genes (40). The present 
study indicated that PSMG3-AS1 regulated the target gene 
COL1A1 of miR-143-3p by sponging miR-143-3p (Fig. 7). This 
correlation between PSMG3-AS1 and miR-143-3p highlighted 
the lncRNA-based mechanisms underlying diverse aspects 
of tumorigenesis. The present study is helpful in providing a novel 
therapeutic strategy for use in the treatment of breast cancer.

In summary, a PSMG3-AS1-miR-143-3p-COL1A1 regula-
tory axis in breast cancer was indicated in the present study. 
PSMG3-AS1 served as an oncogenic lncRNA that facilitated 
the genesis and development of breast cancer, by functioning 
as a ceRNA, which regulated the expression of COL1A1, and 
also through directly sponging miR-143-3p. In the present 
study, PSMG3-AS1 was indicated to be a new potential thera-
peutic target in breast carcinoma treatment. In vivo studies 
have revealed the important role of lncRNAs and miRNAs 
in tumors. For example, H19 was revealed to be associated 
with tumor development, progression, metastasis and drug 
resistance (41), and silencing of MALAT1 suppressed the 
proliferation of GSCs and in vivo tumor growth by upregulating 
miR-129 and inhibiting SOX2 (42).

However, there are some limitations in the present study: 
First, the sample size was only 33 cases, which was relatively 
small. Second, breast cancer cell lines and tissue samples from 
patients with breast cancer were assessed, however, the present 
research lacks analysis between expression and clinical course 
including genetic backgrounds, hormone receptor expression, 
chemo-sensitivity, local/distant relapse and prognosis. In 
Fig. 5D although the mRNA expression of COL1A1 in breast 
cancer cell lines was revealed to be increased compared with 
MCF-10A cells, its expression was higher in MCF-7 cells 
compared to the other 2 cell lines, which reflects the cell‑line 
specific differences. In Fig. 3B, the level of miR‑143‑3p was 
reduced in all 3 cell lines however the reduction was less in 
MDA-MB-231 cells. It was speculated that different genetic 
backgrounds and receptor expression of these different cell 
lines may play a role. Third, experimental in vivo data were 
not collected in the present study. Therefore, future studies 
should increase the sample size and validate the function of 

the PSMG3-AS1-miR-143-3p-COL1A1 signaling axis in vivo. 
Selective inhibition and overexpression of PSMG3-AS1 and 
miR-143-3p should be performed to further study the effects of 
these two genes on the occurrence and development of tumors, 
hormone receptor expression, chemo-sensitivity, local/distant 
relapse and prognosis in vivo, and further assessment of the 
function of PSMG3-AS1 derived from different cell lines with 
a variety of genetic background is still required to a provide 
strong experimental basis for clinical practice.
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