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Background: Breast cancer (BC) is a great contributor to cancer-related death. Mounting 
studies have identified that circular RNAs (circRNAs) play vital roles in cancer cell pro
liferation, apoptosis and invasion. Here, we explored the effect of circPVT1 on BC devel
opment as well as its downstream mechanisms.
Methods: qRT-PCR was used to determine the relative expression levels of circPVT1 and miR- 
29a-3p in BC tissue samples and cell lines. We also analyzed the relevance between pathological 
indexes and circPVT1 expression level. Human breast cancer cell lines MCF-7 and MDA-MB 
-231 were taken as cell models. Gain- or loss-of-functional assays of circPVT1 and miR-29a-3p 
were conducted in BC cell lines to investigate their effects on the cell proliferation, apoptosis, 
migration and invasion. The protein levels of AGR2, HIF-1α, Bax, Bcl2 and Caspase3 were 
determined by Western blot. Furthermore, dual-luciferase reporter assay and RNA fluorescence 
in situ hybridization (FISH) were used to confirm the targeted relationships between circPVT1 
and miR-29a-3p, miR-29a-3p and anterior gradient 2 (AGR2).
Results: CircPVT1 was highly expressed while miR-29a-3p was lowly expressed in BC 
tissues and cell lines. Inhibition of circPVT1 or overexpression of miR-29a-3p remarkably 
suppressed BC cell proliferation, invasion and migration while promoted cell apoptosis. By 
contrast, circPVT1 upregulation or miR-29a-3p inhibition led to mitigate malignant beha
viours of BC cells. Functionally, circPVT1 bound to miR-29a-3p, and AGR2 was a target 
gene of miR-29a-3p. Overexpressed circPVT1 promoted AGR2 and HIF-1α expression by 
repressing miR-29a-3p. More importantly, overexpressing AGR2 enhances HIF-1α expres
sion, accompanied with accelerated proliferation, invasion and migration of BC cells.
Conclusion: CircPVT1 acts as an oncogene in BC via promoting the growth, invasion, 
migration and inhibiting apoptosis through miR-29a-3p-mediated AGR2-HIF-1α axis.
Keywords: circPVT1, miR-29a-3p, AGR2, breast cancer, proliferation, metastasis

Introduction
Breast cancer (BC), the fifth global fatal disease, is the most prevailing malignant 
tumor, which also seriously threatens women’s health and life.1,2 Although surgical 
treatment, radiotherapy, and chemotherapy have been continuously improved, they 
have also brought heavy side effects to BC patients.3 Hence, it is necessary to 
clarify the molecular mechanism of BC, thus improving the early diagnosis of BC 
and providing new molecular therapeutic targets.

CircRNA, as a relatively new non-coding RNA, is generated in the formation of 
a closed-loop by covalent bonds at the 3ʹ and 5ʹ ends. Due to this closed structure, 
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circRNA has been proved to be extremely stable and 
highly resistant to RNA degradation pathways, suggesting 
that circRNA may be more effective for molecular bio
markers of human disease than linear non-coding RNAs.4 

In recent years, papers have shown that circRNA makes 
a great contribution to regulating tumorigenesis and tumor 
development. Therefore, those abnormally expressed 
circRNAs afford new ideas for tumor diagnosis and 
treatment.5 CircPVT1 is located in the known cancer sus
ceptibility region chr8: 128902834–128903244, which is 
a newly identified circRNA.6 It is derived from the third 
exon of lncRNA-PVT1 and is identified as an oncogene.7 

Previous studies have shown that circPVT1 is upregulated 
in non-small cell lung cancer and maybe a potential prog
nostic marker.8 However, the expression characteristics 
and biological functions of circPVT1 in BC are virtually 
unknown.

MicroRNAs (miRNAs), belonging to non-coding 
mRNAs, are about 22 nucleotides in length. Current 
research indicates that miRNAs specifically binds to the 
3ʹ-untranslational region (UTR) of mRNA, thus regulating 
gene expression at the post-transcriptional level.9 

Recently, accumulating papers have shown that miRNAs 
take part in tumor development. Taking miR-411-5p as an 
example, its expression is notably decreased in non-small 
cell lung cancer and significantly associated with patients’ 
poor prognosis.10 Moreover, miR-29a-3p expression was 
considerably declined in papillary thyroid carcinoma 
(PTC) tissues and cells. The functional studies revealed 
that overexpression of miR-29a-3p limited the growth, 
proliferation, and invasion of PTC cells,11 suggesting that 
miR-29a-3p exerts an anti-tumor role in cancer. However, 
the mechanism of its action in BC awaits further 
clarification.

In this research, we measured circPVT1 expression in 
clinical samples of BC patients and carried out experi
ments both in vitro and in vivo to investigate its role 
on BC development. Our data proved that circPVT1 
expression was remarkably raised in BC tissues and 
cells, while gain and loss experiments confirmed that 
circPVT1 aggravates BC cell proliferation, migration, 
and invasion, suggesting its carcinogenic effect on BC 
progression. Further investigation of its downstream 
mechanism revealed that circPVT1 regulates miR-29a-3p 
expression as a competitive endogenous RNA (ceRNA), 
so as to increase AGR2 and HIF-1α expression. All in all, 
this study explored the regulation axis of circPVT1/miR- 

29a-3p/AGR2/HIF-1α in BC development, which provides 
a new target for its treatment.

Materials and Methods
Tissue Samples
From January 2018 to January 2019, the cancer tissues of 
40 BC patients who underwent breast cancer resection in 
the First College of Clinical Medical Science of China 
Three Gorges University were selected. The forty patients 
did not receive adjuvant treatment such as chemotherapy 
or radiotherapy before the operation. The adjacent normal 
tissues of the same patient (at least 3 cm away from the 
surgical resection margin) were used as normal control, 
and no cancer cells were found in adjacent normal tissues 
in the postoperative pathological examination. All speci
mens were immediately stored in liquid nitrogen at −196° 
C until RNA was extracted. The ethics committee of China 
Three Gorges University approved our study, and all par
ticipators signed informed consents.

Cell Culture
Human breast cancer cell lines (MDA-MB-231 and 
MCF7) were purchased from the Cell Center in the 
Chinese Academy of Sciences (Shanghai, China). The 
above cells were cultured in DMEM-F12 (Thermo Fisher 
Scientific, MA, USA) with 10% fetal bovine serum (FBS, 
Thermo Fisher Scientific, MA, USA) and 1% penicillin/ 
tomycin (Invitrogen, CA, USA) in an incubator (37°C, 5% 
volume fraction of CO2). In the logarithmic growth phase, 
cells underwent 0.25% trypsinization (Thermo Fisher 
HyClone, Utah, USA) and passage.

Cell Transfection
In line with the supplier’s instructions, MDA-MB-231 and 
MCF7 cells underwent transfection using Lipofectamine® 

3000 (Invitrogen; Thermo Fisher Scientific, Inc.). The 
cells were inoculated in a 12-well plate and cultured in 
DMEM-F12 containing 10% FBS without antibiotics. 
After pasted to the wall the next day, the old culture 
solution was discarded for transfection. Each liposome 
hole was added with, overexpression plasmid of 
circPVT1 (pcDNA-circPVT1), AGR2 (pcDNA-AGR2) 
and their pcDNA empty vectors (vector), short hairpin 
RNA (shRNA) against circPVT1 (sh-circPVT1) and its 
negative control (sh-NC), miRNA control (miR-NC), 
miR-29a-3p mimics, and miR-29a-3p inhibitors were pur
chased from GenePharma Co., Ltd. (Shanghai, China). 
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qRT-PCR was performed to measure transfection effi
ciency. Finally, the cells were incubated for 24 hours 
(37°C, 5% CO2) and were subjected to further analysis.

Real-Time Polymerase Chain Reaction 
(RT-PCR)
We used TRIzol reagent (Invitrogen, Shanghai, China) to 
extract total RNA in BC tissues and cells. RNA samples 
were reversely transcribed to cDNA by MMLV reverse 
transcriptase and stored at −20°C for later use. RNA got 
reverse transcription using the stem-loop method and 
ordinary reverse transcription method, respectively. When 
the first-strand cDNA was obtained, SYBR premix 
EXTAQ II (TaKaRa, Dalian, China) was used in the 
ABI7500 real-time PCR system (Applied Biosystems, 
SanFrancisco, CA, United States) to conduct quantitative 
real-time polymerase chain reaction (RT-PCR) in accor
dance with the manufacturer’s instructions. PCR proce
dures were as follows: pre-denaturation at 95°C, 10 min; 
95°C, 15 s; 60 °C, 15 s; 45 cycles, obtaining fluorescence 
signal at a temperature of 60°C. GAPDH was as the 
standardized endogenous control for circPVT1 and 
AGR2, and U6 was the endogenous control for miR-29a- 
3p. The results of gene expression were counted via the 2 
(-ΔΔCt) method. Each experiment was repeated three times.

CCK-8 Assay
CCK-8 assay was carried out to assess the cell viability. 
Stably transfected cells were inoculated with 1×103 cells/ 
well into a 96-well plate for a 24-hour incubation. With the 
addition of 10 μL CCK-8 (Beyotime Biotechnology, 
Shanghai, China) solution into each well, the cell went 
through one-hour incubation at 37°C. Then, the absor
bance was measured on a spectrophotometer at 450 nm 
(Bio-Rad, CA, USA).

Transwell Assay
Transwell assay was conducted to examine cell migration 
and invasion. BC Cells (2×104 cells/well) were added to 
the Transwell upper chamber with an 8 μm pore size 
membrane, and 600 μL of a culture solution containing 
20% FBS was added to the lower chamber and cultured at 
37°C. After 24 hours, cells in the upper chamber were 
abandoned, and those in the lower chamber were secured 
with 4% paraformaldehyde, stained with 0.1% crystal vio
let, photographed and counted after drying. Cell invasion 
experiment: The upper chamber should be coated with 

Matrigel matrix gel in advance of cell seeding. The rest 
steps were the same as the migration experiment.

Dual-Luciferase Reporter Gene Assay
All luciferase reporter vectors (circPVT1-WT, circPVT1- 
MT1, circPVT1-MT2, circPVT1-MT1+MT2, AGR2-WT, 
AGR2-MT) were constructed by Promega (Promega, 
Madison, WI, USA). MDA-MB-231 (5×104) was inocu
lated into 48-well plates and cultured to 70% confluence. 
circPVT1-WT and AGR2-WT were the wild type (WT) 
vectors that contained the binding sites with miR-29a-3p, 
while circPVT1-MT and AGR2-MT were mutant type 
(WT) vectors that did not contain the binding sites with 
miR-29a-3p. Then Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) was used to co-transfect 
the luciferase reporter vectors with miR-29a-3p mimics or 
negative control into MDA-MB-231. After 48 hours of 
transfection, the luciferase activity of the cells was 
detected. All experiments were carried out in triplicate 
and conducted for three times.

Western Blot
After the cells were processed in different factors, the old 
culture solution was discarded, and the cells were trypsi
nized with the lysate of RIPA (containing 1% PMSF) 
(Beyotime Biotechnology, Shanghai, China) and collected 
by centrifugation to extract the total protein. After total 
protein was extracted, a BCA protein concentration kit 
(Beyotime Biotechnology, Shanghai, China) was used to 
quantify protein concentration. Twenty microgram total 
protein in each group was subjected to SDS-PAGE for 
the separation of proteins. When the electrophoresis was 
finished, the isolated protein was transferred to the PVDF 
membranes at 200 mA for 90 min. Then, the membranes 
were blocked with a 10% skim milk powder solution for 2 
h, the AGR2 monoclonal antibody (Abcam, ab76473; 
1:1000), HIF-1A monoclonal antibody (Abcam, 
ab179483; 1:1000), Cleaved Caspase-3 polyclonal anti
body (Abcam, ab2302; 1:1000), Bcl2 polyclonal antibody 
(Abcam, ab182858; 1:1000), Bax monoclonal antibody 
(Abcam, ab32503; 1:1000) were used for incubation over
night at 4°C. Next, TBST was applied to wash the mem
branes for three times (15 min each time), and the 
membranes were incubated with the secondary antibody 
for 2 h at room temperature and washed three times with 
TBST, and protein blots were exposed using an ECL 
chemiluminescence solution (Beyotime Biotechnology, 
Shanghai, China).
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Cell Apoptosis Assay
The stable transfected MDA-MB-231 and MCF7 cells 
were cultured in DMEM-F12 medium supplemented with 
10% FBS, respectively. After a 48-hour culture, the cells 
were collected, and the Annexin V-FITC assay was used 
for the determination of cell apoptosis using the PE 
Annexin V apoptosis detection kit (BD Pharmingen). BD 
FACSCalibur™ flow cytometer (Becton Dickinson, 
Mountain View, CA, USA) was used for flow cytometric 
analysis. The data were collected from three repeated 
experiments.

Xenograft Tumor Assay
In vivo experiment on nude mice was conducted to test 
the role of circPVT1 on BC cell growth. Twenty male 
BALB/c nude mice (4 weeks old) were provided by the 
Experimental animal center of Three Gorges University. 
The mice were kept in specific-pathogen free (SPF) 
conditions and free for food and water. Each nude 
mouse was subcutaneously injected with a total number 
of 1×108 MCF7 cells that were transfected with vectors 
or circPVT1 overexpressing plasmids. From the 2nd 
week of injection, the length and width of the formed 
tumors were tested every week and the tumor volume 
were calculated as: volume = 0.5 × length × width2. At 
the 5th week, the mice were sacrificed, and the tumors 
were excised and weighed. Our animal study has been 
approved by the Animal Care and Use Committee of 
Three Gorges University. All experimental procedures 
were performed in accordance with the approval and 
guidelines from the Institutional Animal Care and Use 
Committee of Three Gorges University.

RNA FISH
The co-location of circPVT1 and miR-29a-3p in BC cells 
were examined by RNA FISH assay according to previous 
study.12 We obtained the DNA oligo probes of circPVT1 
(labeled with FAM) and miR-29a-3p (labeled by Cy5) 
from GenePharma (Shanghai, China). MCF7 cells were 
isolated and cultured in 24-well plates (each well con
tained about 1×105 cells) and then subjected to cellular 
immunofluorescence. 4, 6-diamidino- 2-phenylindole 
(DAPI) (Beyotime Biotechnology) was used for nuclei 
staining. The Leica SP5 confocal microscope (Leica 
Microsystems, Mannheim, Germany) was used to observe 
and photograph cells.

Statistical Methods
SPSS17.0 statistical software (SPSS Inc., Chicago, IL, 
USA) was used for analysis. T-test was used for compar
ison between two groups, and analysis of variance was 
used for comparison of mean between multiple groups. 
Measurement data were expressed as mean ± standard 
deviation (x±s). Enumeration data were presented in four 
tables (or percentages), and differences between the two 
groups were evaluated by χ2. P < 0.05 was considered 
statistically significant.

Results
CircPVT1 Was Upregulated in BC 
Tissues and MiR-29a-3p Was 
Downregulated in BC Tissues
To explore the function of circPVT1 and miR-29a-3p 
in BC, we first examined the expression of circPVT1 and 
miR-29a-3p in BC tissues. RT-PCR results illustrated that 
circPVT1 was remarkably increased in BC tissues (com
pared with adjacent normal tissues), while miR-29a-3p 
levels were considerably decreased (Figure 1A and B). 
Furthermore, we compared the expression of circPVT1 
and miR-29a-3p in BC tissues and normal samples using 
the Starbase database (http://starbase.sysu.edu.cn/index. 
php). Interestingly, circPVT1 was upregulated while 
miR-29a-3p was lower both compared with normal sam
ples (Figure 1C and D). Further analysis of the overall 
survival through Kaplan–Meier analysis (http://kmplot. 
com/analysis/) demonstrated that BC patients with low 
miR-29a levels had worse survival and less median survi
val time (Figure 1E). Moreover, Pearson χ2 test was 
employed to assess the correlation between circPVT1 
and clinicopathological features. The statistics represented 
that overexpressed circPVT1 was greatly correlated with 
positive lymph node examination and tumor size (Table 1). 
Collectively, those data suggested that circPVT1 and miR- 
29a-3p are both involved in BC development.

The Effects of CircPVT1 and MiR-29a-3p 
in BC Cell Proliferation and Apoptosis
To further explore the effects of circPVT1 and miR-29a- 
3p on BC progression, gain- and loss-of-function assays 
were performed (Figure 2A and B). What’s more, 
altered BC cell proliferation and apoptosis were exam
ined via CCK-8 assay and flow cytometry. Results of 
CCK-8 showed that overexpression of circPVT1 
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accelerated the proliferation of BC cells while down
regulation of circPVT1 inhibited BC cells proliferation 
(Figure 2C–D). In addition, overexpression of circPVT1 
mitigated apoptosis rate and the protein level of cleaved 

Caspase3, Bax, and promoted Bcl2 expression. 
However, circPVT1 inhibition attenuated apoptotic 
levels (Figure 2E–F). On the other hand, upregulating 
miR-29a-3p repressed cell proliferation and increased 
cell apoptosis, while downregulating miR-29a-3p had 
the opposite effects (Figure 2G–J). What’s more, we 
measured the protein level of HIF-1α. The data showed 
that HIF-1α level was markedly enhanced with 
circPVT1 overexpression and miR-29a-3p inhibition, 
but significantly repressed by circPVT1 knockdown 
and miR-29a-3p upregulation (Figure 2F and J). 
Hence, the above results verified that circPVT1 exerts 
an oncogenic role in BC and miR-29a-3p is an anti- 
tumor gene.

The Overexpression of CircPVT1 and 
Downregulation of MiR-29a-3p 
Enhanced BC Cell Invasion and Migration
It is well known that the metastasis of malignant 
tumors is an important factor affecting patients’ 

Figure 1 Expression of circPVT1 and miR-29a-3p in BC tissues. (A–B) RT-PCR was used to detect the expression of circPVT1 and miR-29a-3p in BC tissues and compared 
normal tissues, ***P<0.001. (C and D) The expression of circPVT1 and miR-29a-3p in BC tissues was analysed by Starbase database (http://starbase.sysu.edu.cn/index.php). 
(E) The Kaplan–Meier plotter (http://kmplot.com/analysis/index.php?p=background) was used to assess different level of miR-29a on the survival of BC patients.

Table 1 Association Between CircPVT1 Expression and 
Clinicopathological Features

Parameters Characteristics CircPVT1 
Expression

P value

High Low

Age <50 12 10 0.525
≥50 8 10

Tumor size <2cm 5 13 0.011*
≥2 cm 15 7

Lymph node 
metastasis

Negative 6 15 0.0043*
Positive 14 5

Histological grade High grade 7 12 0.1134
Low grade 13 8

Note: * presents the statistic difference less than 0.05.
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prognosis. Here, we examined BC cells’ migration and 
invasion by Transwell assay. It turned out that the 
number of migrated and invaded BC cells remarkably 
increased after overexpression of circPVT1, while 
knockdown of circPVT1 considerably suppressed cell 
migration and invasion (Figure 3A and B). 
Additionally, the effect of miR-29a-3p on BC cells’ 
metastasis was detected. The results manifested that 
overexpression of miR-29a-3p notably mitigated cell 
migration and invasion, while down-expression of 
miR-29a-3p had the opposite effects (Figure 3C 
and D). Therefore, we further confirmed that both of 
circPVT1 and miR-29a-3p could modulate BC devel
opment via affecting BC cell invasion and migration.

CircPVT1 Can Target MiR-29a-3p as 
a miRNA Sponge
Aiming to further explore the downstream mechanisms of 
circPVT1, we browsed the bioinformatics database 
Starbase (http://starbase.sysu.edu.cn/index.php) to search 
for potential target genes of circPVT1. As a result, it was 
found that circPVT1 contains two binding sites with miR- 
29a-3p (Figure 4A). Further, we used linear regression to 
analyze the levels of circPVT1 and miR-29a-3p in BC 
tissues. The results revealed that there was a negative 
correlation between the two genes (P < 0.001, 
Figure 4B). Next, the relationship between circPVT1 and 
miR-29a-3p was identified using the luciferase reporter 
gene assay. The results demonstrated that the miR-29a-3p 

Figure 2 The impact of circPVT1 and miR-29a-3p on the proliferation and apoptosis of BC cells. (A–B) The overexpression and down expression model of circPVT1 and 
miR-29a-3p were constructed in BC cell lines MCF-7 and MDA-MB-231, respectively. (C and D) Cell proliferation was measured using CCK-8 assay. *P<0.05, **P<0.01 vs 
vector group or sh-NC group. (E) Cell apoptosis was detected by flow cytometry. **P<0.01, ***P<0.001. (F) Western blot was used to detect apoptotic-related proteins 
(including cleaved Caspase3, Bax and Bcl2) and HIF-1α. (G and H) Cell proliferation was measured using CCK-8 assay. *P<0.05, **P<0.01 vs NC group or NC-in group. (I) 
Cell apoptosis was detected by flow cytometry. **P<0.01, ***P<0.001. (J) Western blot was used to detect apoptotic-related proteins (including cleaved Caspase3, Bax and 
Bcl2) and HIF-1α. N=3.
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mimics reduced the luciferase activity of circPVT1-WT, 
but had no obvious effect on the activity of circPVT1-MT 
luciferase (Figure 4C). Additionally, the results of RNA 
FISH indicated that circPVT1 and miR-29a-3p were both 
mainly distributed in the cytoplasm of MCF7 cells, and 
they also have direct interaction in the cytoplasm 
(Figure 4D). What’s more, qRT-PCR experiment results 
showed that the level of miR-29a-3p was downregulated 
when circPVT1 was upregulated, while enhanced with 
circPVT1 knockdown (Figure 4E). These results repre
sented that circPVT1 can sponge miR-29a-3p and inhibit 
its expression.

Overexpression of CircPVT1 Attenuated 
the Inhibitory Effect of MiR-29a-3p on BC 
Cell Proliferation and Metastasis
To further explore the effect of circPVT1 and miR-29a-3p 
on BC, we performed rescue experiment. RT-PCR results 
revealed that miR-29a-3p expression was decreased fol
lowing the overexpression of circPVT1 (vs miR-29a-3p 

group) (Figure 5A). Besides, the proliferation, apoptosis, 
migration and invasion of BC cells were detected. We 
found that the proliferative, migrative and invasive levels 
of BC cells in the miR-29a-3p+circPVT1 group were 
increased while the apoptosis rate was less compared 
with those in the miR-29a-3p group (Figure 5B–G). The 
above findings indicated that overexpression of circPVT1 
attenuated the inhibitory effect of miR-29a-3p on BC cells.

AGR2 Was a Functional Target of 
MiR-29a-3p
To explore the downstream target of miR-29a-3p in BC, 
we selected candidate target for miR-29a-3p at TargetScan 
(http://www.targetscan.org/vert_72/). It turned out that 
miR-29a-3p binds to the 3ʹUTR region of AGR2 mRNA, 
suggesting that the AGR2 is likely to be a potential target 
gene for miR-29a-3p (Figure 6A). Furthermore, the luci
ferase assay showed that miR-29a-3p mimics reduced the 
luciferase activity of cells transfected with AGR2-WT, but 
had no obvious effect on cells transfected with AGR2-MT 
(Figure 6B). Next, we analyzed the expression of AGR2 

Figure 3 The impact of circPVT1 and miR-29a-3p on breast cell metastasis. The overexpression and down expression model of circPVT1 and miR-29a-3p were constructed 
in BC cell lines MCF-7 and MDA-MB-231, respectively. (A–B) The migration and invasion ability of BC cells after the overexpression and down expression of circPVT1was 
detected by the Transwell assay. (C–D) The migration and invasion ability of BC cells after the overexpression and down expression of miR-29a-3p was detected by the 
Transwell assay. **P<0.01, ***P<0.001. N=3.
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in BC tissues through GEPIA database (http://gepia.can 
cer-pku.cn/). As the data shows, AGR2 was upregulated 
in BC tissues compared with the normal tissues (Figure 
6C). Moreover, we searched another online database The 
Human Protein Atlas (https://www.proteinatlas.org/), we 
found that both of AGR2 and HIF-1α were slightly- 
expressed in normal breast tissues. In the BC tissues, 
AGR2 protein is markedly enhanced, mainly locating in 
the cytoplasm and cell membrane of tumor cells, while 
HIF-1α also has a moderate expression in BC tissues and 
mainly locates in the cytoplasm (Figure 6D). Next, we 
detected AGR2 mRNA and protein levels after the selec
tive regulation of circPVT1 and miR-29a-3p. Our data 
revealed that AGR2 was overexpressed after circPVT1 
overexpression or miR-29a-3p downregulation, while 
downregulated when circPVT1 was lowly expressed or 
miR-29a-3p was upregulated (Figure 6E, F, H, I). 

Moreover, forced expression of circPVT1 on miR-29a-3p 
overexpressed cells also enhanced AGR2 expression 
(Figure 6G and J). These statistics demonstrated that 
AGR2 is a target gene of miR-29a-3p and positively 
regulated by circPVT1 in BC cells.

MiR-29a-3p Reversed the Promotive 
Effects of AGR2 on BC Cells
To further explore the bio-functions of miR-29a-3p/AGR2 
axis in BC development, an AGR2-overexpressed cell 
model was constructed and then transfected with miR- 
29a-3p mimics. The results of qRT-PCR and Western 
blot showed that miR-29a-3p overexpression restrained 
AGR2 expression (Figure 7A and B). Moreover, we 
detected the malignant phenotypes of BC cells. Our data 
showed that AGR2 overexpression promoted the prolifera
tion, migration, invasion and repressed apoptosis (Figure 

Figure 4 CircPVT1 can target miR-29a-3p. (A) Using the bioinformatics database Starbase (http://starbase.sysu.edu.cn/index.php) to look for potential target genes for 
circPVT1, circPVT1 contains a potential binding site to miR-29a-3p. (B) The correlation of circPVT1 and miR-29a-3p expression in BC tissues was analysed by using linear 
regression analysis. (C) Further luciferase experiments were used to verify the relationship between the two molecules. (D) RNA-FISH was used to detect the location of 
circPVT1 and miR-29a-3p in MCF7 cells. (E) qRT-PCR was utilized to detect the level of miR-29a-3p in BC cell lines after overexpression and knockdown of circPVT1. NS. 
P>0.05, *P<0.05, **P<0.01, ***P<0.001. N=3.
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7C–F). Interestingly, forced miR-29a-3p expression atte
nuated the effects induced by AGR2 overexpression 
(Figure 7C-F). It is worth noting that overexpression of 
AGR2 enhanced HIF-1α level, while miR-29a-3p attenu
ated HIF-1α (Figure 7E). As a result, we believed that 
AGR2 was an oncogene in BC via promoting HIF-1α.

CircPVT1 Overexpression Promoted BC 
Cells Growth
We performed xenograft tumor assay to test the role of 
circPVT1 on BC cell growth. The results suggested that 
overexpression of circPVT1 significantly accelerated the 
growth of BC cells (Figure 8A–C). Next, we detected the 
expression of circPVT1/miR-29a-3p/AGR2 in the tumor 
tissues. Our data showed that circPVT1 and AGR2 were 
significantly overexpression while miR-29a-3p was mark
edly downregulated after the overexpression of circPVT1 
(Figure 8D–F). Moreover, the protein level of c-Caspase3 
and Bax were downregulated in the circPVT1 group, while 
Bcl2 and HIF-1α were upregulated (Figure 8F). Taken 

together, the data proved that circPVT1 also exerts an 
oncogenic effect on BC by modulating miR-29a-3p- 
mediated AGR2/HIF-1α axis.

Discussion
Breast cancer is a malignancy caused by aberrant expres
sion of many genes and proteins. These abnormally 
expressed molecules have an important effect on BC 
occurrence and growth.13 In this study, we initially dis
covered that circPVT1 promotes BC progression, and 
regulates BC cell proliferation, metastasis and apoptosis 
by regulating the miR-29a-3p/AGR2/HIF-1α axis.

Accumulating studies have shown that circRNAs may 
function as a molecular marker for the diagnosis and 
treatment of diseases, and is instrumental in the occurrence 
and development of human diseases, especially tumors.5 

For example, circ-PIP5K1A is upregulated in colon cancer 
tissues and can be used as an oncogene to promote cancer 
progression.14 In addition, circ_0005576 can be used as 
a biomarker for the diagnosis and prognosis of cervical 
cancer.15 The progression of BC is accompanied by altered 

Figure 5 Overexpression of circPVT1 attenuated the inhibitory effect of miR-29a-3p on the proliferation and metastasis of BC cells. MCF7 cells were transfected with 
circPVT1 overexpression plasmids and or miR-29a-3p mimics. (A) The level of miR-29a-3p was detected by qRT-PCR. (B) The proliferation ability of the cells was examined 
using a CCK-8 assay. (C) Cell apoptosis was detected by flow cytometry. (D) Western blot was used to detect apoptotic-related proteins (including cleaved Caspase3, Bax 
and Bcl2) and HIF-1α. (E–G) Transwell assay was used to detect cell migration and invasion. **P<0.01, ***P<0.001 vs NC group; &P<0.05, &&P<0.01 vs miR-29a-3p group. 
N=3.
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expressions of multiple circRNAs, and these circRNAs are 
widely involved in tumor cell proliferation, apoptosis, 
metastasis, and invasion.16 For instance, circ-ABCB10 is 
upregulated in BC tissues and cells, which can promote the 
proliferation, migration, and invasion of BC cells by tar
geting miR-1271.17 Increased expression of circANKS1B 
in BC tissues is closely related to lymph node metastasis 
and clinical staging of BC, and is an independent risk 
factor for patients’ overall survival and accelerates cell 
metastasis.18

The PVT1 gene encodes a long non-coding RNA locus 
that has been identified as a candidate oncogene in many 
types of cancers, including head and neck squamous cell19 

and leukemic cells.20 Consistent with its association with 
various types of cancer, transcription of this gene is regu
lated by the tumor suppressor p53 through a canonical 

p53-binding site, and it has been implicated in regulating 
levels of the proto-oncogene MYC to promote 
tumorigenesis.21–23 In this research, we further explored 
the effect of circPVT1 in BC. Our results both in vitro and 
in vivo showed that circPVT1 was upregulated in BC 
tissues promoted cell proliferation and metastasis, but 
inhibited cell apoptosis. These findings manifest that 
circPVT1 may be an oncogene in BC.

New evidence confirms that miRNAs play a crucial 
part in cancer progression as whether carcinogenic or 
tumor suppressor genes. For example, miR-421 promotes 
the progression of osteosarcoma by targeting MCPIP1,24 

while miR-133a-5p targets FUS/AR to inhibit AR-positive 
prostate cancer cell proliferation.25 In addition, studies 
have confirmed that abnormal expression of miRNA is 
associated with BC. For example, miR-214-3p expression 

Figure 6 AGR2 was a functional target of miR-29a-3p. (A) The target of miR-29a-3p was selected at TargetScan (http://www.targetscan.org/vert_72/), and the results 
showed that miR-29a-3p can bind to the 3ʹUTR region of AGR2 mRNA. (B) Dual-luciferase activity assay was used to verify the targeting relationship of miR-29a-3p and 
AGR2 in MCF7 cells, NS. P>0.05, **P<0.01. (C) Expression of AGR2 in BC tissues was analysed through GEPIA (http://gepia.cancer-pku.cn/), BRCA represents breast cancer, 
T represents tumor tissues and N represents normal tissues. (D) The Human Protein Atlas (https://www.proteinatlas.org/) database was used analyze AGR2 and HIF-1α 
expression in normal breast tissues and BC tissues. (E–J) The mRNA (E–G) and protein (H–J) expression of AGR2 were detected by Western blot after selective regulation 
of circPVT1 and miR-29a-3p. NS P>0.05, *P<0.05, **P<0.01, ***P<0.001. N=3.
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is dramatically downregulated in BC, which can inhibit the 
malignant phenotypes of BC by targeting survivin 
protein.26 Moreover, miR-937 is a cancer-promoting gene 
in BC that targets apoptotic peptidase activating factor 1 
(APAF1) to promote cancer progression.27 As a member 
of miRNAs, miR-29a-3p can suppress gastric cancer pro
liferation and metastasis and limit its growth.28 Here, we 
investigated the expression and function of miR-29a-3p 
in BC. In contrast to circPVT1, miR-29a-3p had a lower 
level in BC tissues and also was a favourable predictor of 
the overall survival of BC patients. Functionally, miR-29a- 
3p overexpression significantly inhibited the proliferation 
and metastasis, while promoted apoptosis of BC cells, 
indicating that miR-29a-3p has an inhibitory effect in BC.

A growing number of reports have found that circRNA 
can make a difference in competitive endogenous RNA to 
sponge miRNA, thereby affecting the effect of the targeted 
mRNA of miRNA. This circRNA-miRNA-mRNA regula
tory network has a prominent role in a variety of diseases 
including tumors.29 For example, circRNA_0025202 
inhibits BC growth by regulating the miR-182-5p/ 
FOXO3a axis.30 Circ_0007534 regulates the proliferation 

and migration of BC cells by regulating MUC19 (mucin 
19, MUC19) by targeting miR-593.31 However, the circu
lar RNA PVT1/miR-203/HOXD3 pathway was found to 
promote the progression of hepatocellular carcinoma.32 In 
view of the above research basis, we speculate that 
circPVT1 may be a ceRNA in BC. Using the bioinfor
matics database, we identified that miR-29a-3p might 
interact with circPVT1. Further studies demonstrated that 
cirPVT1, which is mainly located at the cytoplasm of BC 
cells, sponged miR-29a-3p and inhibited its expression. 
The rescue experiment revealed that overexpression of 
circPVT1 significantly reduced the inhibitory effect of 
miR-29a-3p on BC cells. Thus, circPVT1 exerts its carci
nogenic effect on BC by inhibiting miR-29a-3p.

Anterior gradient 2 (AGR2) was located in human chro
mosome 7p21.1, the corresponding mRNA length contained 
1697 bp, and the encoded protein was composed of 175 
amino acid residues. This gene codes a member of the 
disulfide isomerase (PDI) family of endoplasmic reticulum 
(ER) proteins that catalyze protein folding and thiol- 
disulfide interchange reactions. In addition, AGR2 is upre
gulated in various human cancers and reportedly has 

Figure 7 MiR-29a-3p reversed the promotive effects of AGR2 on BC cells. An AGR2-overexpressed cell model was constructed in MCF7 cells, which were then transfected 
with miR-29a-3p mimics. (A and B) qRT-PCR and Western blot was used to test AGR2 expression. (C) The proliferation ability of the cells was examined using a CCK-8 
assay. (D) Cell apoptosis was detected by flow cytometry. (E) Western blot was used to detect apoptotic-related proteins (including cleaved Caspase3, Bax and Bcl2) and 
HIF-1α. (F) Transwell assay was used to detect cell migration and invasion. *P<0.05, **P<0.01, ***P<0.001. N=3.
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oncogenic activities. For example, AGR2 promoted CRC 
tumorigenesis and acting as an independent prognostic fac
tor of poor outcome. Moreover, AGR2 mediated the resis
tance to 5-Aza-2 ‘-deoxycytidine (5-Aza) treatment.33 

Besides, AGR2 knockout induces apoptosis of pancreatic 
cancer cells and participates in chemotherapy resistance of 
pancreatic cancer by inhibiting the ERK/Akt axis.34 

Additionally, AGR2 is a target of canonical Wnt/β-catenin 
signaling and is important for the stemness maintenance in 
colorectal cancer stem cells.35 In previous studies, the 
expression of AGR2 was also found to be regulated by 
a variety of miRNAs. MiR-135b-5p enhances the sensitivity 
of BC cells to doxorubicin by targeting AGR2.36 Here, we 
first determined that miR-29a-3p may interact with AGR2 
through a bioinformatics database. In addition, overexpres
sion of AGR2 significantly enhanced the malignant beha
viours of BC cells, which were mitigated by miR-29a-3p. 
Moreover, circPVT1 promoted AGR2 expression both 
in vivo and in vitro. The findings revealed that circPVT1 
exerts its biological effects in part by regulating AGR2 
expression.

Our data also showed that AGR2 overexpression 
repressed Bax and Caspase3 levels but promoted Bcl2 

expression. The results were consistent with AGR2- 
mediated anti-apoptosis effects on BC cells. However, 
how did AGR2 modulate cell apoptosis remains unknown. 
In our further study, we detected the expressions of HIF-1α 
under selective regulation of circPVT1, miR-29a-3p and 
AGR2. We found that HIF-1α was promoted with 
circPVT1 and AGR2 overexpression, while downregulated 
with miR-29a-3p upregulation. Those results, in our 
thought, might explain how AGR2 affect the apoptosis- 
related protein expression. Previous studies have proved 
that AGR2 promoting cancer progression via enhancing 
HIF-1α or HIF-2α expression.37–39 Even HIF-1A upregu
lation led to higher level of AGR2.40 As for HIF-1α, it is 
a vital transcription factor that regulates cellular and sys
temic homeostatic response to hypoxia by activating tran
scription of many genes. Those genes are widely involved 
in energy metabolism, angiogenesis, apoptosis, and other 
genes whose protein products increase oxygen delivery or 
facilitate metabolic adaptation to hypoxia.41–43 Hence, we 
believed that AGR2 could affect the apoptotic proteins 
expression via modulating HIF-1α.

Collectively, our study demonstrated that circPVT1 is 
upregulated in BC tissues. The functional studies have 

Figure 8 CircPVT1 overexpression promoted BC cells growth. Xenograft tumor assay performed to test the role of circPVT1 on BC cell growth. (A–C) The volume, image 
and weight of the xenograft tumors were shown. N=5. (D and E) qRT-PCR was used to examine the expression of circPVT1 and miR-29a-3p in the tumor tissues. (F) The 
protein expression of AGR2, HIF-1α and apoptotic-related proteins (including cleaved Caspase3, Bax and Bcl2) were detected by Western blot. ***P<0.001. N=3.
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demonstrated that circPVT1 accelerates BC development 
by modulating the miR-29a-3p/AGR2/HIF-1α axis. Taken 
together, this circPVT1/miR-29a-3p/AGR2 axis may be 
a valuable and promising target for BC treatment.
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