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Abstract. Circular RNAs (circRNAs) are considered potential 
biomarkers in the pathogenesis and detection of several types 
of cancer. The present study aimed to investigate the role of 
hsa_circ_0000129 in the pathogenesis and molecular mecha‑
nism underlying breast cancer. A total of 68 pairs of breast 
cancer and corresponding paracancerous tissue samples, three 
different breast cancer cell lines (MCF‑7, MDA‑MB‑231 
and MDA‑MB‑468) and a normal human breast cell line 
(MCF‑10A) were used to investigate the expression of 
hsa_circ_0000129. The effect of hsa_circ_0000129 on cell 
proliferation, migration and colony formation was assessed 
in MCF‑7 and MDA‑MB‑468 cells, along with the expression 
of enhancer of zeste homolog 2 (EZH2). The results demon‑
strated that hsa_circ_0000129 expression was significantly 
higher in breast cancer tissues compared with normal tissues. 
In addition, high hsa_circ_0000129 expression was signifi‑
cantly associated with lymph node metastasis and a higher 
tumor‑node‑metastasis stage. Comparisons between the breast 
cancer cell lines (MCF‑7, MDA‑MB‑231 and MDA‑MB‑468) 
and MCF‑10A cells indicated similar results. MCF‑7 cells over‑
expressed with hsa_circ_0000129 significantly increased cell 
proliferation, migration and colony formation compared with 

the negative control group, the effects of which were reversed 
following hsa_circ_0000129 knockdown in MDA‑MB‑468 
cells. Furthermore, EZH2 expression was positively associated 
with hsa_circ_0000129 expression. Taken together, the results 
of the present study suggest that hsa_circ_0000129 may repre‑
sent a promising prognostic biomarker for breast cancer. In 
addition, the role of hsa_circ_0000129 in breast cancer cell 
lines indicates a mechanism for tumorigenesis, as well as a 
potent target for the treatment of malignant progression.

Introduction

Breast cancer is one of the most common malignancies affecting 
women worldwide, whereby ~1 in every 8 women are diagnosed 
with breast cancer in their lifetime (1,2). Currently, treatment 
options for breast cancer include surgery, chemotherapy, 
radiotherapy and hormone treatment  (3). Advancements in 
the early detection and effective management of breast cancer 
have resulted in a worldwide decrease in mortalities  (3), 
particularly in western countries, including North America and 
Europe (1‑4). However, breast cancer‑associated mortalities 
continue to increase in developing countries and in patients 
suffering from different treatment‑resistant subtypes of breast 
cancer (5). In addition, early diagnosis is one of the important 
factors influencing the long‑term survival rate in most types 
of cancer (3); however, the pathogenesis of breast cancer is 
complex and heterogenous (6). Computed tomography (CT), 
magnetic resonance imaging (MRI) and histopathological tools 
are commonly used for the clinical diagnosis of breast cancer; 
however, early diagnosis remains relatively uncommon (7). 
Thus, identifying novel biomarkers and targets for the diagnosis 
and treatment of breast cancer remains urgent.

Circular RNAs (circRNAs) are a group of non‑coding 
RNAs, which were first discovered in 1976 in RNA viruses 
via electron microscopy  (8). Their unique closed circular 
structures (lacking 5'‑3' untranslated regions and a poly A tail) 
meant they were initially regarded as functionless by‑products 
of errors in splicing  (9). However, several studies have 
demonstrated that circRNAs influence a number of biological 
functions, such as microRNA (miRNA) sponging, regulation 
of transcription, immune regulation and serving as templates 
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for protein translation  (8,10,11), which may explain their 
effects on different types of diseases, including cardiovascular 
diseases, neurological dystrophy and breast, liver, colorectal 
and lung cancers (12‑16).

In breast cancer, extensive dysregulation of several 
CircRNAs, such as hsa_circ_0104824, CircPVT1 and 
circRNA 0001073  (17‑19), has been reported, and their 
potential diagnostic and therapeutic values have been 
demonstrated. For example, 1,705 differentially expressed 
circRNAs have been identified in breast cancer tissues, and 
hsa_circ_0001982 has been confirmed to be significantly 
upregulated in both breast cancer tissues and cell lines (20). 
In addition, hsa_circ_0001982 knockdown suppresses breast 
cancer cell proliferation and invasiveness, and induces apop‑
tosis by targeting miR‑143, which provides a novel insight into 
the molecular mechanism underlying breast cancer tumori‑
genesis (20). Notably, Yin et al (21) identified 41 aberrantly 
expressed circRNAs in plasma specimens between five breast 
cancer samples and tissues from paired healthy volunteers; 
however, only three circRNAs were validated to be signifi‑
cantly dysregulated, and hsa_circ_0001785 exhibited a better 
diagnostic value compared with the other two candidates (hsa_
circ_0108942 and hsa_circ_0068033), and carcinoembryonic 
antigen (21). Furthermore, hsa_circ_0001785 plasma level was 
significantly associated with tumor‑node‑metastasis (TNM) 
staging, grading of the breast tumor and extent of distant 
metastasis (21). Thus, the potential role of other circRNAs as 
diagnostic and prognostic biomarkers, as well as therapeutic 
targets in breast cancer, warrants further research.

In the present study, the novel circRNA hsa_circ_0000129, 
located at 151145974‑151149507 in chromosome 1, was selected 
using a Gene Expression Omnibus (GEO; https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE111504) microarray 
dataset (GSE111504) (22). The present study investigated the 
expression level of hsa_circ_0000129 in breast cancer patients 
and breast cancer cell lines, and the results demonstrated that 
its levels were significantly enhanced in breast cancer tissues 
and cells compared with their corresponding controls. The 
effects of hsa_circ_0000129 on the proliferation, migration 
and colony formation abilities of breast cancer cells and the 
expression of enhancer of zeste homolog 2 (EZH2) were also 
studied, aiming to reveal the role of hsa_circ_0000129 in 
breast cancer progression.

Materials and methods

Collection of specimens. Breast cancer tissues and adjacent 
paracancerous tissues (collected ≥5 cm from the tumor border) 
were collected from 68 patients with breast cancer at the Jing'an 
District Centre Hospital of Shanghai (Shangai, China) between 
February 2016 and May 2018. The fresh biopsy tissues were 
preserved in RNA fixer reagent (Bioteke Corporation) and 
stored at ‑80˚C prior to subsequent experimentation. Clinical 
and demographic data were collected from all patients, and no 
patients had received chemotherapy or radiotherapy prior to 
surgical resection. Tumor size was determined using CT scan 
images and both MRI and CT scans were used to diagnose the 
extent of lymph node metastasis. Tumor staging and grading 
were assessed according to the cancer staging manual of 
American Joint Committee on Cancer (7th edition) (23). The 

present study was approved by the Human Research Ethics 
Committee of Huashan Hospital (Shanghai, China; approval 
no. 2016MS02), and written informed consent was provided by 
all patients prior to the study start.

Cell culture. The breast cancer cell lines (MCF‑7, 
MDA‑MB‑231 and MDA‑MB‑468) and normal epithelial 
breast cell line (MCF10A) were purchased from the American 
Type Culture Collection. All cells were maintained in 
DMEM supplemented with 10% fetal bovine serum (FBS) 
and 1% penicillin‑streptomycin (all purchased from Gibco; 
Thermo Fisher Scientific, Inc.), at 37˚C with 5% CO2.

Cells successfully transfected with the overexpression 
vector or interference sequence of hsa_circ_0000129 were 
cultured in complete DMEM at 37˚C.

Transient transfection. MCF‑7 and MDA‑MB‑468 cells were 
seeded into 6‑well plates at a density of 4.0x105 cells/well. After 
24 h, MCF‑7 cells were transfected with the overexpression 
vector for hsa_circ_0000129 (Geneseed Biotech, Inc.) using 
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol, while 
a control vector (Geneseed Biotech, Inc.) was used as the nega‑
tive control (NC). MDA‑MB‑468 cells were transfected with an 
interference sequence for hsa_circ_0000129 or NC sequence 
(Geneseed Biotech, Inc., http://www.geneseed.com.cn), using 
Lipofectamine® 2000 reagent. All cells were transfected for 
24 h at 37˚C and another 48 h later, transfection efficiency was 
determined via reverse transcription‑quantitative (RT‑q)PCR 
analysis.

RT‑qPCR. Total RNA was extracted from breast cancer tissues 
and adjacent paracancerous tissues using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. Total RNA was reverse transcribed 
into double‑strand cDNA using the ReverTra Ace qPCR RT 
kit (cat. no. FSQ‑101; Toyobo Life Science), according to the 
manufacturer's protocol. qPCR was subsequently performed 
using the SYBR Premix Ex Taq™ II kit (cat. no. RR820A; 
Takara Biotechnology Co., Ltd.), 0.5 µl cDNA, 0.5 µl each 
primer and 5 µl SYBR Green. The following primer sequences 
were designed by Sangon Biotech Co., Ltd., and used for qPCR: 
GAPDH forward, 5'‑GGA​GCG​AGA​TCC​CTC​CAA​AAT‑3' 
and reverse, 5'‑GGC​TGT​TGT​CAT​ACT​TCT​CAT​GG‑3'; 
hsa_circ_0000129 forward, 5'‑AAG​AGG​GAA​ATC​CCA​GCA​
GA‑3' and reverse, 5'‑GCA​TGA​GGA​GTC​AAT​GCA​GA‑3'; and 
EZH2 forward, 5'‑AAT​CAG​AGT​ACA​TGC​GAC​TGA​GA‑3' and 
reverse, 5'‑GCT​GTA​TCC​TTC​GCT​GTT​TCC‑3'. The following 
thermocycling conditions were used for qPCR: 94˚C for 5 min, 
42 cycles of 94˚C for 5 sec and 60˚C for 1 min. Relative expres‑
sion levels were calculated using the 2‑ΔΔCq method (24) and 
normalized to the internal reference gene GAPDH.

Cell proliferation assay. MCF‑7 and MDA‑MB‑468 cells trans‑
fected with NC or hsa_circ_0000129 sequences were seeded 
into 96‑well plates at a density of 3.5x103 cells/well and incu‑
bated at 37˚C for 1‑7 days. Subsequently, cells were incubated 
with 5 mg/ml MTT reagent (Sigma‑Aldrich; Merck KGaA) for 
3 h at 37˚C. Following the MTT incubation, the supernatant was 
removed and the purple formazan crystals were dissolved using 
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dimethyl sulfoxide (Sigma‑Aldrich; Merck KGaA). Cell prolif‑
eration was subsequently analyzed at a wavelength of 492 nm, 
between 0‑7 days. Cell proliferation was assessed using the 
following formula: Proliferation rate = A (sample)/A (control), 
where A is the absorbance measured at 492 nm and control is 
the sample which was analyzed on day 0.

Colony formation assay. MCF‑7 and MDA‑MB‑468 cells trans‑
fected with NC or hsa_circ_0000129 sequences were seeded 
into 6‑well plates at a density of 6.0x102 cells/well and incubated 
for 14 days at 37˚C. The cell media were replaced every 48 h. 
The plates were subsequently washed three  times with PBS 
and the cell colonies were fixed with 100% methanol at room 
temperature for 15 min, prior to staining with 1% crystal violet 
for 30 min at room temperature. Stained colonies (with >50 cells) 
were observed under a light microscope (magnification, x200).

Migration assay. The migratory ability MCF‑7 and 
MDA‑MB‑468 cells transfected with NC or hsa_circ_0000129 
sequences was assessed using 24‑well Transwell inserts (8‑µm 
pore size; EMD Millipore), according to the manufacturer's 
protocol. A total of 1.0x104 cells were plated in the upper 
chambers of Transwell plates in 100 µl serum‑free DMEM. 
DMEM (600 µl) supplemented with 10% FBS was plated in 
the lower chambers. Following incubation at 37˚C for 24 h, 
the non‑migratory cells in the upper chambers were removed 
using cotton swabs, while the migratory cells in the lower 
chambers were fixed with 100% methanol at room tempera‑
ture for 15 min and stained with 1% crystal violet for 30 min at 
room temperature. Stained cells were counted in five randomly 
selected fields using a light microscope (magnification, x200).

Western blotting. Cell lysates were extracted from MCF‑7 and 
MDA‑MB‑468 cells transfected with NC or hsa_circ_0000129 
sequences using cell lysis buffer (Sigma‑Aldrich; Merck KGaA), 
and centrifuged at 13,800 x g for 5 min at 4˚C. Total protein was 
quantified using the BCA protein assay kit (cat. no. 70‑PQ0011; 
Hangzhou MultiSciences Biotech Co., Ltd., http://www.
liankebio.com), according to the manufacturer's protocol, 
and 20 µg protein/lane was separated via SDS‑PAGE on a 
12% gel. The separated proteins were subsequently transferred 

onto polyvinylidene fluoride membranes and blocked with 
5% non‑fat milk at room temperature for 2 h. The membranes 
were incubated with primary monoclonal antibodies against 
EZH2 (cat.  no.  5246; 1:1,000) and β‑actin (cat.  no.  3700, 
1:1,000) overnight at 4˚C. Following the primary incubation, 
membranes were incubated with HRP‑linked secondary 
antibody (cat. no. 7076, 1:1,000), at room temperature for 1 h 
and subsequently visualized using the Ultra‑sensitive ECL 
chemiluminescence kit (cat. no. P0018AS; Beyotime Institute 
of Biotechnology). All antibodies were purchased from Cell 
Signaling Technology, Inc.

Statistical analysis. Statistical analysis was performed 
using SPSS  16.0 (IBM  Corp.) and GraphPad Prism  5.0 
(GraphPad Software, Inc.). All experiments were performed 
in triplicate and data are presented as the mean ± standard 
deviation. Paired and unpaired Student's t‑tests were used 
to compare differences between two groups, while ANOVA 
followed by Tukey's post hoc test were used to compare differ‑
ences between multiple groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

hsa_circ_0000129 expression is upregulated in breast cancer. 
RT‑qPCR analysis was performed to detect hsa_circ_0000129 
expression in breast cancer tissues and adjacent normal 
tissues. The results demonstrated that hsa_circ_0000129 
expression was significantly higher in tumor tissues compared 
with normal tissues (P<0.001; Fig.  1A). Similarly, hsa_
circ_0000129 expression was compared between the breast 
cancer cell lines (MCF‑7, MDA‑MB‑231 and MDA‑MB‑468) 
and normal MCF10A cells. The results demonstrated that hsa_
circ_0000129 expression was significantly higher in all three 
cancer cell lines (MCF‑7, MDA‑MB‑231 and MDA‑MB‑468) 
compared with MCF10A cells (P<0.05, P<0.01 and P<0.001, 
respectively; Fig. 1B).

Association between hsa_circ_0000129 expression and the 
clinicopathological characteristics of patients with breast 
cancer. As presented in Table  I, significant associations 

Figure 1. hsa_circ_0000129 expression in breast cancer tissues and cell lines. (A) hsa_circ_0000129 expression in 68 pairs of breast cancer tissues and normal 
breast tissues. (B) hsa_circ_0000129 expression in breast cancer cell lines (MCF‑7, MDA‑MB‑231 and MDA‑MB‑468) and normal epithelial breast cell line 
(MCF‑10A). *P<0.05, **P<0.01, ***P<0.001. Circ, circular.
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were observed between hsa_circ_0000129 expression and 
lymph node metastasis (P<0.05) and TNM stage (P<0.01). 
However, no significant associations were observed between 
hsa_circ_0000129 expression and age, menopause status and 
tumor size.

hsa_circ_0000129 regulates the proliferation of breast 
cancer cells. RT‑qPCR analysis demonstrated the successful 
overexpression of hsa_circ_0000129 in MCF‑7 cells (Fig. 2A). 
MCF‑7 cells transfected with hsa_circ_0000129 sequence 
exhibited significantly increased cell proliferation compared 
with cells in the NC group (P<0.001 at days 4, 5, 6 and 7; 
Fig. 2B). RT‑qPCR analysis also demonstrated the successful 

knockdown of hsa_circ_0000129 in MDA‑MB‑468 cells 
(Fig. 2C). The results of the MTT assay demonstrated that 
hsa_circ_0000129 knockdown significantly decreased the 
proliferation rate of MDA‑MB‑468 cells compared with 
cells in the si‑NC  group (P<0.001 at days  4, 5, 6 and  7 
post‑incubation; Fig. 2D).

hsa_circ_0000129 regulates the migration of breast cancer 
cells. The results demonstrated that the migratory ability 
was significantly enhanced in MCF‑7 cells transfected with 
hsa_circ_0000129 vector compared with the NC  group 
(P<0.001; Fig.  3A). Conversely, the migratory ability was 
significantly attenuated in MDA‑MB‑468 cells transfected 

Table I. Association between hsa_circ_0000129 expression and the clinicopathological characteristics of patients with breast 
cancer (n=68).

		  hsa_circ_0000129 expression, 	
Characteristic	 Number of cases, n	 mean ± standard deviation	 P‑value

Age, years			   0.499 
  ≤50 	 36	 2.15±1.47	
  >50	 32	 1.87±1.93	
Menopause 		   	 0.348 
  No	 40	 1.97±1.45	
  Yes	 28	 2.37±2.07	
Tumor size, cm			   0.847 
  ≤2	 30	 1.98±1.41	
  >2	 38	 2.06±1.91	
Lymph node metastasis			   0.036a

  No	 33	 1.58±1.36	
  Yes	 35	 2.44±1.89	
TNM stage			   0.002b

  I‑II	 37	 1.47±1.33	
  III‑IV	 31	 2.68±1.87	

aP<0.05, bP<0.01. TNM, tumor‑node‑metastasis.

Figure 2. Effect of hsa_circ_0000129 on the proliferation of breast cancer cells. (A) RT‑qPCR analysis confirmed hsa_circ_0000129 expression in MCF‑7 
cells transfected with an overexpression vector. (B) Overexpression of hsa_circ_0000129 promoted MCF‑7 cell proliferation. (C) RT‑qPCR analysis confirmed 
hsa_circ_0000129 expression in MDA‑MB‑468 cells transfected with si‑hsa_circ_0000129. (D) hsa_circ_0000129 knockdown inhibited MDA‑MB‑468 cell 
proliferation. *P<0.05, **P<0.01, ***P<0.001 vs. NC group or day 0 group or si‑NC group. Circ, circular; RT‑qPCR, reverse transcription‑quantitative PCR; 
si, small interfering; NC, negative control.
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with si‑hsa_circ_0000129 compared with the si‑NC group 
(P<0.01; Fig. 3B).

hsa_circ_0000129 regulates colony formation in breast 
cancer cells. The effect of hsa_circ_0000129 on colony 
formation ability was assessed. The results demonstrated that 

the colony formation ability of MCF‑7 cells was significantly 
enhanced following overexpression of hsa‑circ‑0000129 
(P<0.001; Fig. 4A). Conversely, hsa_circ_0000129 knock‑
down significantly inhibited the colony formation ability 
of MDA‑MB‑468 cells compared with the si‑NC  group 
(P<0.01; Fig. 4B).

Figure 3. Effect of hsa_circ_0000129 on the migration of breast cancer cells. (A) Overexpression of hsa_circ_0000129 enhanced the migratory ability of 
MCF‑7 cells. (B) hsa_circ_0000129 knockdown inhibited the migratory ability of MDA‑MB‑468 cells. **P<0.01, ***P<0.001 vs. NC group or si‑NC group. Circ, 
circular; NC, negative control; si, small interfering.

Figure 4. Effect of hsa_circ_0000129 on the colony formation ability of breast cancer cells. (A) Overexpression of hsa_circ_0000129 significantly enhanced 
the colony formation ability of MCF‑7 cells. (B) hsa_circ_0000129 knockdown significantly suppressed the colony formation ability of MDA‑MB‑468 cells. 
**P<0.01, ***P<0.001, vs. NC group or si‑NC group. Circ, circular; NC, negative control; si, small interfering.

https://www.spandidos-publications.com/10.3892/ol.2021.12500
https://www.spandidos-publications.com/10.3892/ol.2021.12500
https://www.spandidos-publications.com/10.3892/ol.2021.12500
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Effect of hsa_circ_0000129 on EZH2 expression. EZH2 
expression was detected to determine its underlying 
molecular mechanism in relation to hsa_circ_0000129. 
RT‑qPCR and western blot analyses demonstrated that 
EZH2 expression was significantly higher in MCF‑7 and 
MDA‑MB‑468 cells compared with MCF‑10A cells (P<0.01 
and P<0.001, respectively; Fig. 5A and B). RT‑qPCR and 
western blot analyses also demonstrated that EZH2 expres‑
sion was significantly higher in MCF‑7 cells overexpressing 
hsa_circ_0000129 compared with cells in the NC group 
(P<0.01; Fig. 5C and D). Conversely, RT‑qPCR and western 
blot analyses demonstrated that EZH2 expression was signif‑
icantly downregulated in MDA‑MB‑468 cells following 
hsa_circ_0000129 knockdown compared with cells in the 
si‑NC group according (P<0.001; Fig. 5E and F).

Discussion

The present study aimed to investigate the role and determine 
the underlying molecular mechanism of hsa_circ_0000129 in 
breast cancer. The results demonstrated that hsa_circ_0000129 
expression was significantly higher in breast cancer tissues 
compared with adjacent paracancerous tissues, and hsa_
circ_0000129 expression was significantly associated with 
lymph node metastasis and high TNM staging, which suggests 

that high hsa_circ_0000129 expression may predict a higher 
malignancy index in patients with breast cancer.

Similarly, the results of the present study demonstrated 
that hsa_circ_0000129 expression was significantly higher 
in all three breast cancer cell lines (MCF‑7, MDA‑MB‑231 
and MDA‑MB‑468) compared with the normal epithelial 
breast cancer cell line, MCF10A. Notably, hsa_circ_0000129 
expression was higher in MDA‑MB‑468 cells compared with 
MDA‑MB‑231 cells, and exhibited the lowest expression in 
MCF‑7 cells. The differences in expression between the three 
breast cancer cell lines may be attributed to the differences 
in cellular characteristics. First, although all three cell lines 
originate from the metastatic pleural effusions of patients 
with breast cancer, the malignancy degrees may vary (25). 
Secondly, the results of the present study demonstrated that 
high hsa_circ_0000129 expression in the clinical samples was 
associated with a higher degree of malignancy, which may also 
be applicable to these cell lines. Furthermore, certain studies 
investigating these cell lines have reported that the phenotypes 
of the cells are notably different, whereby the migratory 
and invasive abilities, and stemness of MDA‑MB‑231 cells 
are higher compared with MCF‑7 cells (25‑27). In addition, 
the migratory, invasive and colony formation abilities of 
MDA‑MB‑468 cells have been demonstrated to be signifi‑
cantly higher compared with MDA‑MB‑231 cells (28), which 

Figure 5. Effect of hsa_circ_0000129 on EZH2 expression. (A) RT‑qPCR and (B) western blot analyses demonstrated that EZH2 expression was significantly 
upregulated in the cancer cell lines compared with normal breast cells. (C) RT‑qPCR and (D) western blot analyses demonstrated that overexpression of 
hsa_circ_0000129 upregulated EZH2 expression in MCF‑7 cells. (E) RT‑qPCR and (F) western blot analyses demonstrated that hsa_circ_0000129 knock‑
down downregulated EZH2 expression in MDA‑MB‑468 cells. **P<0.01,  *** P<0.001. Circ, circular; RT‑qPCR, reverse transcription‑quantitative PCR; NC, 
negative control; si, small interfering.
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are consistent with the results of the present study and suggest 
that MDA‑MB‑468 cells are more malignant than MCF‑7 cells.

The role of hsa_circ_0000129 in different phenotypes 
of breast cancer cells was assessed in the present study. The 
results demonstrated that cell proliferation, migration and 
colony formation were significantly enhanced in MCF‑7 
cells overexpressed with hsa_circ_0000129. Conversely, 
hsa_circ_0000129 knockdown significantly inhibited cell 
proliferation, migration and colony formation of MDA‑MB‑468 
cells compared with the control cells. Generally, higher prolif‑
erative, migratory and colony formation abilities indicate a 
more malignant phenotype in cancer cells (29,30). Thus, the 
results of the present suggest that hsa_circ_0000129 expres‑
sion level in breast cancer plays an important role in cellular 
malignancy, which is closely associated with the malignancy 
degree of breast cancer. Taken together, the results of the 
present study suggest that hsa_circ_0000129 may represent a 
promising prognostic biomarker for breast cancer.

In accordance with the results of the present study, several 
studies have investigated the role of circRNAs in breast cancer 
and other types of cancer, including hepatocellular carcinoma, 
clear cell renal cell carcinoma and colorectal cancer (8), and 
demonstrated the potential role of circRNAs as both diagnostic 
and prognostic markers. For example, Nair et al (31) cataloged 
the different circRNAs associated with three different types of 
breast cancer, triple negative, estrogen receptor positive and ErB2 
overexpressing Her2‑positive breast cancer cells. In addition, 
Wang et al (32) demonstrated that circ‑UBE2D2 is upregulated in 
breast cancer cell lines and tissues, and is also closely associated 
with aggressive clinical characteristics and a poor prognosis (32). 
Furthermore, it has been reported that silencing circ‑UBE2D2 
notably inhibits the proliferative, migratory and invasive abili‑
ties of BC cells, and the in vivo delivery of oligonucleotides that 
inhibits circ‑UBE2D2 significantly delays tumor growth (32). 
To the best of our knowledge, the present study is the first to 
investigate the role of hsa_circ_0000129 in breast cancer.

The potential underlying molecular mechanism of 
hsa_circ_0000129 in breast cancer was assessed in the present 
study. EZH2, a polycomb group protein, is known to be asso‑
ciated with carcinogenesis (33,34). Polycomb group proteins 
are evolutionarily conserved regulators and act by silencing 
different growth regulatory genes (33,34). There are two main 
families of polycomb repressive complexes, 1 and 2 (PRC2), 
and EZH2 is a catalytic subunit of PRC2 (34). Previous studies 
have demonstrated that upregulated EZH2 expression is asso‑
ciated with different types of carcinoma, including ovarian, 
cervical, glioma, breast, prostate and renal cell cancer (33‑35).

Previous studies have reported that upregulated EZH2 
expression in breast cancer is associated with advanced form 
of the disease, higher grade of tumor staging, increased prolif‑
eration of tumor, increased chance of metastasis and poor 
long term overall survival (36‑38). Xue et al  (39) reported 
that arsenite, a known carcinogenic agent, upregulates hsa_
circ_100284 expression in human ketratocyte (HaCaT) cells. 
The underlying molecular mechanism was also investigated, 
and it was demonstrated that hsa_circ_100284 serves as a 
sponge for miR‑217 and indirectly upregulates EZH2. Notably, 
EZH2 upregulates the expression levels of cyclin D1 and K4, 
and promotes malignant changes in HaCaT cells. Furthermore, 
while investigating the association between EZH2 expression 

and risk of developing breast cancer in a case control study, 
Beca et al (40) discovered that EZH2 expression is an indepen‑
dent risk factor for breast cancer.

Similarly, the underlying molecular mechanism of 
hsa_circ_0000129 in breast cancer was investigated in the 
present study, and the results demonstrated that EZH2 expres‑
sion was upregulated in all three breast cancer cell lines. In 
addition, EZH2 expression was significantly enhanced in 
MCF‑7 cells transfected with hsa_circ_0000129 vector, and 
significantly downregulated in MDA‑MB‑468 cells following 
hsa_circ_0000129 knockdown, compared with their respec‑
tive control groups. Collectively, the results of the present 
study suggest that hsa_circ_0000129 exerts its role in breast 
cancer by regulating expression of the oncogene, EZH2.

A limitation of the present study is that EZH2 expression 
was only assessed in breast cancer cell lines, while its expres‑
sion in human breast cancer tissues remains unknown. Thus, 
this will be the focus of prospective studies.

In conclusion, the results of the present study suggest that 
hsa_circ_0000129 may represent a prognostic marker for 
patients with breast cancer. The role of hsa_circ_0000129 in 
breast cancer cell lines reveals a novel mechanism for tumori‑
genesis, as well as a potent target for interference of malignant 
progression. In addition, the carcinogenic molecular mecha‑
nism of hsa_circ_0000129 may be associated with upregulated 
EZH2 expression in breast cancer.
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