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Introduction: Breast cancer is a serious threat to human health. It is meaningful to study the 
pathogenesis of breast cancer. lncRNAs have been found to play vital roles in numerous 
biological processes including development, immunology and cancer.
Methods: qRT-PCR was performed to examine the expressions of PART1 and miR-4516. 
CCK-8 assay, colony formation assay and transwell assay were used to examine the 
progression of breast cancer cells.
Results: In this study, we showed that lncRNA PART1 was highly expressed in breast 
cancer cells. Knockdown of PART1 induced decreased proliferation, invasion and migration 
of breast cancer cells. Moreover, we found that PART1 can bind to miR-4516 directly. We 
also found that inhibition of miR-4516 could rescue the decreased proliferation, migration 
and invasion of breast cancer cells induced by knockdown of PART1.
Discussion: lncRNA PART1 and miR-4516 were proven to be involved in the progression 
of many cancers. However, the roles of lncRNA PART1 and miR-4516 in the regulation of 
breast cancer remain unknown. Here, we demonstrated that PART1 can bind to miR-4516 to 
decrease the expression of miR-4516 and promote the development of breast cancer.
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Introduction
Breast cancer is a malignant tumor that occurs in breast epithelial tissue.1 Ninety- 
nine percent of breast cancers occur in women while only 1% of breast cancers 
occur in men.2 In situ breast cancer is not fatal. However, breast cancer cells will 
lose the connection between cells and easy to fall off. Once cancer cells fall off, 
they will metastasize to the whole body through the blood or lymph nodes.3 In 
recent years, the incidence of breast cancer is increasing.4–6 However, the patho-
genesis of breast cancer remains unclear.7

Accumulating evidence have shown that lncRNAs exert important roles in the 
progression of breast cancer. lncRNAs are newly identified RNAs that have over 
200 nucleotides.8,9 Most lncRNAs have no or little protein-coding potential.10 

Evidence have implied that lncRNAs are important regulators in breast cancer.11 

For instance, lncRNA ANCR can impair the invasion and metastasis of breast 
cancer through degradation of EZH2.12 lncRNA PVT1 is upregulated by SOX2 
and mediates the cell proliferation and invasion of breast cancer.13 However, the 
role of lncRNA PART1 in the regulation of breast cancer remains unclear.

miRNAs are a kind of small non-coding RNAs that negatively regulate the 
mRNA translation at the post-transcriptional level.14,15 Many kinds of research 
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have demonstrated that lncRNAs often target miRNAs 
directly to exert their role in promoting the progression 
of cancer.16 miR-4516 has been proven to regulate the 
progression of many cancers, including glioblastoma, 
hepatocellular carcinoma, papillary thyroid carcinomas 
and so on.17–19 However, the role of miR-4516 in the 
regulation of breast cancer remains unclear.

Materials and Methods
Samples and Cell Lines
Human breast cancer samples and adjacent healthy breast 
tissues were obtained from 31 breast cancer patients (male, 
n=31; age range, 46–73 years; years, 2016–2019) under sur-
gery at The First People’s Hospital of Jingzhou. All samples 
were confirmed as breast cancer by postoperative histopatho-
logical examination and were kept in liquid nitrogen before 
use. All procedures were performed in accordance with the 
Helsinki Declaration. Exclusion criteria included radiotherapy 
or chemotherapy prior to surgical treatment, a prior history of 
cancer, and a lack of the written informed consent. This study 
was approved by the Ethics Committee of The First People’s 
Hospital of Jingzhou. All written informed consents were 
received from patients.

Human breast cancer cell lines: MCF-7, SKBR3, BT-20, 
MDA-MB-231, ZR-75-1 and one normal breast cell line: 
MCF-10A was obtained from American Type Culture 
Collection (ATCC, USA). MCF7, SKBR3 and MDA-MB 
-231 were cultured in DMEM medium supplemented with 
100 mg/mL streptomycin, 100 U/mL penicillin and 10% 
FBS; BT20 cells and ZR-75-1 cells were cultured in RPMI- 
1640 medium supplemented with 100 mg/mL streptomycin, 
100 U/mL penicillin and 10% FBS. MCF-10A cells were 
cultured in M-171 medium supplemented with mammary 
epithelial growth factors (Invitrogen/Life Technologies, 
USA).20 All cells were cultured at 37°C in 5% CO2.

Plasmids and Transfection
Control, miR-4516 mimic, miR-4516 inhibitor, shRNA spe-
cifically targeting PART1, and scrambled negative control 
shRNA were chemically synthesized by GenePharma Co. 
Transfection assays were performed for transient expression 
as previously described.21 miR-4516 mimic: 5ʹ-GGGAGAA 
GGGUCGGGGC-3ʹ; miR-4516 inhibitor: 5ʹ-CCCUCUUC 
CCAGCCCG-3ʹ; miRNA control: 5ʹ-UAAGGCU 
AUGAAGAGAUAC-3ʹ; shPART1-1: 5ʹ-GAAAACG 
CAGCTACACCTGG-3ʹ; shPART1-2: 5ʹ-GACTACATA 
TGCATTAAGG-3ʹ; Control shRNA: 5ʹ-AAGGCU 

AUGAAGAGAUAC-3ʹ. Breast cancer cells were transfected 
with 100 nM miR-4516 mimics, miR-control or miR-4516 
inhibitors using Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s instructions.

pMIR-PART1-WT or pMIR-PART1-Mutant and miR- 
4516 mimics were co-transfected into MCF-7 cells 
together with pRL-CMV Renilla luciferase reporter. After 
48h, data was measured using luciferase assay kit 
(Promega, Madison, WI, USA). Firefly luciferase activity 
was normalized against Renilla luciferase activity.21

Quantitative Reverse Transcription-PCR 
(qRT-PCR)
Total RNA was isolated by Trizol reagent (Invitrogen, 
Carlsbad, CA, USA) from indicated cells according to the 
protocol of the manufacturer. And, 1μg total RNA was reverse- 
transcribed into cDNAs according to the manufacturer’s 
instructions using the PrimeScript RT reagent Kit (Promega, 
Madison, WI, USA). Quantitative reverse transcription PCR 
was performed using SYBR Green PCR Master Mix reagents 
(Takara) in 7300 Real-Time PCR System (Applied 
Biosystems). The primers were listed as below:

hsa-miR-4516 Forward primer 5ʹ-CACTCCAGCTG 
GGGGGAGAAGGG-3ʹ

hsa-miR-4516 Reverse primer 5ʹ-CTCAACTGGT 
GTCGTGGAGTCG-3ʹ

lncRNA PART1 Forward primer 5ʹ-GGACTCGT 
GCTTCTCGTACGCTGG-3ʹ

lncRNA PART1 Reverse primer 5ʹ- GCCTGCC 
CTTTGGTTTCTGGGAC-3ʹ

18S Forward, 5ʹ-GTAACCCGTTGAACCCCATT-3ʹ;
18S Reverse, 5ʹ-CCATCCAATCGGTAGTAGCG-3ʹ;

Cell Counting Kit-8 Assays
MCF-7 cells and BT-20 cells were seeded in 96-well plates and 
cultured at the DMEM medium with 100 mg/mL streptomy-
cin, 100 U/mL penicillin and 10% FBS at 37°C containing 5% 
CO2. The proliferation abilities of MCF-7 cells and MDA-MB 
-231 cells were examined at 24, 48, and 72 hours after trans-
fection according to the manufacturer’s protocols using Cell 
Counting Kit-8 CCK-8 (7 sea biotech, Shanghai, China).

Transwell Assay
Invasion or migration chamber was pre-coated by Matrigel 
(BD Biosciences, Cowley, United Kingdom) for transwell 
assay. 4×104 MCF-7 cells or BT-20 cells were seeded into 
the upper chamber with serum-free DMEM medium. And, 
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the lower chamber was supplemented with 500 μL DMEM 
containing 10% FBS. After 24 hours of incubation, cells in 
the lower chamber were fixed by 4% paraformaldehyde 
and stained by 0.1% crystal violet for 30 min.

Statistical Analysis
All results were analyzed using GraphPad Prism 6 soft-
ware. And, all results were expressed as mean ± SD. 
A Student’s t-test was used to analyze the differences 
between the two groups. A one-way ANOVA followed 
by a Tukey’s post hoc test was used for multiple compar-
isons. P < 0.05 was considered to be significant.

Results
lncRNA PART1 Was Highly Expressed in 
Breast Cancer Cells
To explore the role of lncRNA PART1 in the regulation of 
breast cancer, we firstly examined the expression of lncRNA 
PART1 in breast cancer cell lines. Through qRT-PCR assay, 
we found that lncRNA PART1 was highly expressed in 
breast cancer cell lines, MCF-7, SKBR3, BT-20, MDA-MB 

-231, ZR-75-1 compared to normal breast cell line, MCF- 
10A (Figure 1A). Moreover, we also examined the expres-
sion of PART1 in human breast cancer samples. Consistently, 
we found that the expression of PART1 in breast cancer 
samples was relatively higher than normal tissues 
(Figure 1B), which indicates that PART1 may involve in 
the regulation of breast cancer. To explore if PART1 was 
associated with the metastasis or advanced stage of breast 
cancer, we performed qRT-PCR and found the higher expres-
sion of PART1 in metastasis and advanced stage samples 
(Figure 1C and D). To further examine the overall survival 
rate of PART1, we performed Kaplan–Meier curve analysis 
and found that higher PART1 expression possessed worse 
overall survival (Figure 1E). Collectively, we found that 
lncRNA PART1 was highly expressed in breast cancer cells.

Knockdown of PART1 Inhibited the 
Progression of Breast Cancer Cell
To explore the role of PART1 in breast cancer progression, 
we constructed the shRNAs specifically targeted lncRNA 
PART1 (Figure 2A). We found that knockdown of lncRNA 
PART1 by shRNA in MCF-7 cells significantly decreased 

Figure 1 Long non-coding RNA PART1 expression was elevated in breast cancer cells. (A) The expression of PART1 in breast cancer cell lines and normal breast cell line 
was examined by qRT-PCR. Breast cancer cell lines: MCF-7, SKBR3, BT-20, MDA-MB-231, ZR-75-1. Normal breast cell line: MCF-10A. (B) The expression of PART1 in 
breast cancer cell samples and normal tissues was detected using qRT-PCR. n=31. (C) The expression of PART1 in metastasis (n=18) and non-metastasis (n=13) breast 
cancer samples was detected using qRT-PCR. (D) The expression of PART1 in early stages (n=17) and advanced stages (n=14) breast cancer samples was detected using qRT- 
PCR. (E) Overall survival rate of PART was analyzed by Kaplan–Meier analysis coupled with long rank test in breast cancer. Higher PART1 expression level group (n=16). 
Lower PART1 expression level group (n=15). Fold change was normalized to 18S. *P<0.05. All experiments were repeated three times.
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the proliferative abilities of MCF-7 cells and BT-20 cells 
examined by colony formation assay (Figure 2B). 
Moreover, we observed the same results that knockdown 
of lncRNA PART1 reduced proliferation of MCF-7 and 
BT-20 cells examined by CCK-8 assay (Figure 2C and D). 
Next, we examined that if PART1 regulated the invasion 
and migration abilities of breast cancer cells. Through 

transwell assay, we found that knockdown of PART1 
decreased the invasion abilities of MCF-7 cells and BT- 
20 cells (Figure 2E and F). Besides, we also found that 
downregulation of PART1 inhibited the migration of 
MCF-7 and BT-20 cells (Figure 2G and H). Taken 
together, we found that knockdown of PART1 decreased 
the progression of breast cancer cells.

Figure 2 Knockdown of PART1 significantly decreased invasion and migration of MCF-7 cells and BT-20 cells. (A) The expression of PART1 after knockdown of PART1 in 
MCF-7 and BT-20 was detected by qRT-PCR. Fold change was normalized to 18S. (B) Colony formation assay was performed to detect the proliferation of MCF-7 cells and 
BT-20 cells. (C and D) Cell counting kit-8 assays (CCK-8 assays) were performed to examine the growth curves of MCF-7 cells and BT-20 cells after transfecting with 
shPART1 plasmid or the negative control. (E and F) Transwell invasion assays were performed to determine the invasion abilities of MCF-7 cells and BT-20 cells after 
transfection with the negative control or shPART1 plasmid. (G and H) Transwell migration assays were performed to examine the migration of MCF-7 cells and BT-20 cells. 
*P<0.05. All experiments were repeated three times.
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PART1 Targeted miR-4516 Directly
To find the mechanism that PART1 regulated the pro-
liferation, invasion and migration of breast cancer 
cells, we performed online bioinformatics analysis. 
We found that PART1 can form complementary base 
pairing with miR-4516 directly (Figure 3A). miR-4516 
was found to regulate many cancers’ progression. 
However, the potential role of miR-4516 in the regula-
tion of breast cancer remains unknown. To explore the 
role of miR-4516 in the regulation of PART1-mediated 
breast cancer progression, we performed miR-4516 
overexpression assay (Figure 3B). Then, we performed 
luciferase reporter assay to verify that PART1 can bind 
to miR-4516 directly. We found that the luciferase 

activity was significantly decreased when co- 
transfecting WT-PART1 and miR-4516 mimics. 
However, co-transfecting Mutant-PART1 and miR- 
4516 mimics did not change the luciferase activity 
(Figure 3C). Besides, we also found that knockdown 
of PART1 in MCF-7 cells and BT-20 cells increased 
the expression of miR-4516 examined by qRT-PCR 
(Figure 3D). As a result, we found that PART1 can 
direct target miR-4516 and inhibit the expression of 
miR-4516. Moreover, we also examined the expression 
of miR-4516 in breast cancer samples. Consistently, we 
found that the expression of miR-4516 was signifi-
cantly lower in breast cancer samples than adjacent 
healthy samples (Figure 3E).

Figure 3 PART1 binds to miR-4516. (A) The predicted target site between PART1 and miR-4516. (B) Relative expression of miR-4516 was detected using qRT-PCR after 
overexpression of miR-4516 or not. Fold change was normalized to 18S. (C) The interaction between PART1 and miR-4516 was measured by luciferase reporter assay in 
MCF-7 cells. MCF-7 cells were co-transfected with the WT reporter plasmid (or the corresponding mutant reporter) and the miR-4516. (D) Relative expression of miR- 
4516 was detected using qRT-PCR after knockdown of PART1. Fold change was normalized to 18S. (E) Relative expression of miR-4516 was detected using qRT-PCR in 
breast cancer tissues compared with adjacent healthy tissues. Fold change was normalized to 18S. *P<0.05. All experiments were repeated three times.
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PART1 Regulated Breast Cancer 
Progression Through miR-4516
As we showed above, we found that PART1 targeted and 
inhibited miR-4516. So, we wanted to explore the role of 
miR-4516 in the regulation of PART1-mediated breast 
cancer progression. Firstly, we constructed the inhibitor 
of miR-4516 and verified that inhibition of miR-4516 can 
decrease the expression of miR-4516 significantly 
(Figure 4A). To illustrate the biological role of PART1 
and miR-4516 in the regulation of breast cancer, we 
performed functional assay. Through CCK-8 assay, we 

found that inhibition of miR-4516 can rescue the 
decreased proliferation abilities of MCF-7 and BT-20 
cells caused by knockdown of PART1 (Figure 4B and 
C). Moreover, we also found that downregulation of 
PART1 decreased breast cancer cells’ invasion while inhi-
bition of miR-4516 significantly elevated the invasion 
abilities of breast cancer cells decreased by knockdown 
of PART1 (Figure 4D and E). Consistently, we found that 
inhibition of miR-4516 could rescue the decreased migra-
tion abilities of MCF-7 and BT-20 cells caused by knock-
down of PART1 (Figure 4F and G). Collectively, we 

Figure 4 PART1 promoted breast cancer cell progression through inhibiting miR-4516. (A) Relative expression of miR-4516 was detected by qRT-PCR after inhibition of 
miR-4516. Fold change was normalized to 18S. (B) Relative growth rate of MCF-7 cells and BT-20 cells were detected by Cell Counting Kit-8 (CCK-8) assay. Cells were 
transfected with shPART1 or shPART1 together with miR-4516 inhibitor or negative control shRNA. (C) Invasion abilities of MCF-7 cells and BT-20 cells were examined by 
transwell assay. MCF-7 cells and BT-20 cells were transfected with negative control shRNA, shPART1 or shPART1 together with miR-4516 inhibitor. (D and E) Migration 
abilities of MCF-7 cells and BT-20 cells were examined by transwell assay. MCF-7 cells and BT-20 cells were transfected with negative control shRNA, shPART1 or shPART1 
together with miR-4516 inhibitor. (F and G) Invasion abilities of MCF-7 cells and BT-20 cells were examined by transwell assay. MCF-7 cells and BT-20 cells were transfected 
with negative control shRNA, shPART1 or shPART1 together with miR-4516 inhibitor. *P<0.05. All experiments were repeated three times.
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showed that PART1 promoted breast cancer cell prolifera-
tion, invasion and migration through inhibiting the 
expression of miR-4516.

Discussion
In our study, we found that the expression levels of 
lncRNA PART1 and miR-4516 were higher in breast can-
cer cell lines compared to normal breast cell lines. 
Knockdown of PART1 significantly inhibited the prolif-
eration, invasion and migration abilities of breast cancer 
cells. Moreover, we found that PART1 could bind to miR- 
4516 and inhibit the expression of miR-4516. 
Functionally, we found that inhibition of miR-4516 can 
rescue the decreased progression of breast cancer caused 
by knockdown of PART1.

lncRNAs were found to play important roles in several 
biological processes including, development, immunology, 
and tumorigenesis.22–24 There are numerous evidence to 
prove that lncRNAs exert vital roles in promoting or 
inhibiting cancer progression.3–5 And also, a previous 
study found that lncRNAs can be used as biomarkers for 
cancers.25 However, there are still many problems needed 
to be resolved. lncRNA PART1 was found to regulate 
tumor progression in several cancers, including non-small 
cell lung cancer, esophageal squamous cell carcinoma, 
prostate cancer and so on.22–24 However, the role of 
PART1 in the regulation of breast cancer remains 
unknown. In our research, we found that PART1 was 
highly expressed in breast cancer cells and promoted 
breast cancer progression.

Previous studies have demonstrated that lncRNAs 
often serve as competitive endogenous RNAs (ceRNAs) 
to sponge miRNAs and regulate cancer progression.26,27 

However, the potential molecular mechanisms need to be 
explored.26,27 In our study, we made a bioinformatics pre-
diction and found that miR-4516 was a potential target of 
lncRNA PART1. miR-4516 participates in the regulation 
of many cancers. For instance, Cui T and colleagues found 
that miR-4516 predicts poor prognosis of human 
glioblastoma.17 Li et al found that miR-4516 regulates 
hepatocellular carcinoma progression through interacting 
with LSINCT5.18 In our study, we found that miR-4516 
can be inhibited by PART1 and inhibition of miR-4516 can 
promote PART1-mediated breast cancer progression.

lncRNAs and miRNAs exert their role in promoting or 
inhibiting the progression of cancer cells through target genes. 
So, it is vital to explore the potential target genes of lncRNA 
PART1 and miR-4516. According to the previous studies, we 

found that Chowdhari et al showed miR-4516 can directly 
target STAT3 protein.19 Moreover, Cui et al demonstrated that 
miR-4516 binds to PTPN14 and regulates Hippo pathway.17

Disclosure
The authors report no conflicts of interest for this work.
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