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Abstract. LncRNAs have proved to be related to the progression of multiple cancers. The present
study aimed to investigate the effect of PART1 on the proliferation, invasion and migration of breast
cancer cells and the efficacy of cisplatin in these cells. The expression of lncRNA PART1 in tissues
and cells were detected by RT-qPCR analysis which was also used to verify the transfection effects.
The cell proliferation, invasion and migration of breast cancer cells were respectively analyzed by
CCK-8 assay, transwell assay and wound healing assay. The cell apoptosis was determined by flow
cytometry analysis. The detection of CDK2, cyclinE1, P21, MMP3, MMP10, MMP13, Bcl2, Bax,
cleaved caspase-3, caspase-3, MDP1, MRP1, GST-π and ABCB1 expression was performed by Western blot analysis. The results revealed that PART1 was increased in breast cancer tissues and cells,
silencing of PART1 significantly inhibited cell proliferation, invasion and migration by regulating the
expression of relative proteins. In addition, silencing of PART1 obviously improved the sensitivity
of breast cancer cells to cisplatin, promoted cell apoptosis, and decreased the expression of breast
cancer resistance proteins. In conclusion, silencing of PART1 inhibited proliferation, invasion and
migration of breast cancer cells and promoted the efficacy of cisplatin in these cells. Therefore, PART1
may be considered as a novel therapeutic target in breast cancer.
Key words: LncRNA PART1 — Proliferation — Invasion and migration — Breast cancer cells —
Cisplatin

Introduction
Breast cancer is a frequently-occurring female malignant
tumor, which seriously endangers life and health of women
(Desantis et al. 2015; Siegel et al. 2015; Shi et al. 2017). It is
listed as one of the ten common cancers in the world (Aebi
et al. 2009). Despite significant progress in surgical resection
and chemoradiotherapy (Gradishar et al. 2017), chemotherapeutic resistance of tumor cells is still a difficult clinical
problem to treat breast cancer. Once drug resistance occurs
in patients, there will be no effective clinical interventions,
with poor prognosis (Masoud and Pagés 2017). At present,
breast cancer is still the main cause of female deaths in the
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world (Donepudi et al. 2014; Chan et al. 2017; Dreyer et al.
2017). Therefore, it is necessary for us to further discover
new and effective treatment methods for this disease.
Encouragingly, studies have demonstrated the regulation
effects of circular RNA (circRNA), long non-coding RNA
(lncRNA) and microRNA (miRNA) in the development and
progression of various cancers (Anastasiadou et al. 2017).
Longer than 200 nucleotides, lncRNA is a kind of RNA
with no protein-coding ability (Li et al. 2016). It is often
associated with invasion and metastasis of tumor and cell
growth, and its abnormal expression and function changes
can significantly affect the occurrence and development of
various malignant tumors (Bhan et al. 2017; Ming-Yu et al.
2017). Moreover, lncRNA may trade as potential biomarkers
of diagnosis, prognosis and therapeutic targets (Eduardo et
al. 2012). The expression of lncRNA PART1 was increased in
the prostate cancer cells induced by 5α-dihydrotestosterone
(DHT) and silencing of PART1 suppressed proliferation
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and accelerated apoptosis of prostate cancer cells (Sun et al.
2018). The expression of PART1 was upregulated in gefitinibresistant esophageal squamous cell carcinoma (ESCC) cells
and PART1 interference accelerated cell death while PART1
overexpression promoted gefitinib resistance (Kang et al.
2018). In bladder cancer, knockdown of PART1 restrained
cell proliferation and invasion, and accelerated cell apoptosis
(Hu et al. 2019). Cruickshank et al. (2019) demonstrated the
role of PART1 in cell proliferation and stem cell maintenance
in triple-negative breast cancer. Therefore, we speculate that
PART1 may regulate the proliferation, invasion and migration of breast cancer cells and the cytotoxic effects of cisplatin
(DDP) on drug-resistant cells.
In the present study, the PART1 expression has been verified in breast cancer tissues and cells. The effects of PART1
on the proliferation, invasion and migration of breast cancer
cells and the efficacy of cisplatin in breast cancer cells were
investigated, and the potential mechanism of PART1 was
further explored.
Materials and Methods
Clinical samples
Thirty patients with breast cancer characteristic of nipple
changes, pain in the breast, breast skin changes and lumps
in the breast were enrolled from the First People’s Hospital of
Wenling. The breast cancer tissues and paired adjacent normal tissues were collected from patients with breast cancer
at the First People’s Hospital of Wenling. The breast cancer
tissue from each enrolled patient was verified by pathological
observation. And, every patient had signed the consent form.
All the tissues were snap-frozen in liquid nitrogen and then
stored at –80°C for the subsequent experiments.
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ShRNA-PART1-2 group. In the Control group, breast cancer
cells were not treated by any medicine. After cell transfection
for 48 h, breast cancer cells were treated with cisplatin at the
concentrations of 0.0001, 0.01, 0.1, 1, 10 and 100 μM.
Generation of cisplatin -resistant cell line
The MCF-7 cells and T47D cells were inoculated in 24-well
plates and grew into confluence of 70–80%. Then, MCF-7
cells and T47D cells were induced by 10 μM cisplatin for
2 days. Two days later, MCF-7 cells and T47D cells were
washed and transferred to regular medium without cisplatin
for another 2 days. The above procedure was repeated for 4–6
weeks. Cisplatin-resistant MCF-7 cells and T47D cells were
named as MCF7/DDP cells and T47D/DDP cells.
RT-qPCR analysis
Cells of each group at logarithmic growth phase were obtained with appropriate amount. Total RNA was extracted
with Trizol lysate (Invitrogen; Thermo Fisher Scientific, Inc.).
cDNA was transcribed by reverse transcription kit (Takara
Biotechnology Co., Ltd., Beijing, China) and amplified by
RT-PCR with SYBR Green I dye (Invitrogen; Thermo Fisher
Scientific, Inc.). The reaction condition was as follows: 95°C
pre-denaturation for 30 s, 95°C denaturation for 5 s, 60°C
annealing for 30 s, 30 cycles of amplification, and 72°C terminal extension for 3 min. U6 was considered as an internal
reference and the expression of PART1 was detected by the
2–ΔΔCt method.
CCK-8 assay

MCF-10A, MCF-7, T47D, MDA-MB-435 and BT-549
cells were bought from American Type Culture Collection
(Rockville, MD, USA). The cell lines were cultured in DMEM
medium (Gibco; Thermo Fisher Scientifc, Inc., Waltham,
MA, USA) containing 10% fetal bovine serum (FBS) under
the condition of 37°C, 5% CO2 and 95% humidity.

After cell transfection for 48 h, breast cancer cells in 96well plates were treated with cisplatin at the concentrations
of 0.0001, 0.01, 0.1, 1, 10 and 100 µM. After the following
cell culture in the incubator for 72 h, 10 µl CCK-8 solution
was added to each well, which was incubated afterwards in
the incubator for 2 h. The absorbance value at A450nm was
determined by a SynergyTM 2 Multi-function Microplate
Reader (BioTek Instruments, Inc., Winooski, VT, USA).
After cell transfection for 48 h, MCF-7/DDP cells and T47D/
DDP cells were treated with 10 μM cisplatin. The following
experimental process was the same as the above experiment.

Cell transfection and cisplatin treatment

Western blot analysis

Breast cancer cells were inoculated in 24-well plates and grew
into confluence of 70–80%. ShRNA-NC, ShRNA-PART1-1,
ShRNA-PART1-2 were transfected into breast cancer cells
using Lipofectamine® 2000 reagent (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), which were correspondingly ShRNA-NS group, ShRNA-PART1-1 group and

The proteins in the breast cancer cells were extracted according to the instructions of the cell protein extraction kit
(Biocolors Biotechnology Co., Shanghai, China). According
to the instructions of the Western blot kit, 80 μg of protein
was added to each well for cell electrocoagulation by 12%
SDS-PAGE, and then the protein was transferred to PVDF

Cell culture
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membrane (Merck Millipore, Billerica, MA, USA). PVDF
membrane was sealed with 5% skim milk powder and
incubated against CDK2, cyclinE1, P21, MMP3, MMP10,
MMP13, Bcl2, Bax, cleaved caspase-3, caspase-3, MDP1,
MRP1, GST-π, ABCB1 and GAPDH on the shaking bed
overnight at 4°C. Then, PVDF membrane was incubated
with the secondary antibody for 1 h, washed with TBST
for 30 min, and developed by electrochemiluminescence
(ECL). GAPDH was used as internal reference, and ImageJ
software was used to analyze the optical density of relative
bands.
Wound healing assay
Cells of each group were taken and inoculated into 6-well
plates with the density of 1×106/ml. When the cells were
completely covered, a vertical line was drawn with a 10 μl tip
on the well. Cells were washed with phosphate buffer solution (PBS) for 3 times and photographed under an inverted
microscope. The images were labeled as 0 h. Then, 10%
fetal bovine serum was added and cells were continuously
cultured for 24 h. The images were taken under an inverted
microscope, which were labeled as 24 h. And, the 0 h images
were taken as a reference. The relative cell migration was
analyzed by ImageJ software.

selected from 6 fields under an inverted microscope, photographed and counted.
Flow cytometry analysis
After transfection and cisplatin (10 nM) treatment for 72 h,
cells of each group were collected, centrifuged at 3100 rate per
minute for 5 min and the supernatant was discarded. The experimental groups were: Control group, Control+cisplatine
(cis) group, ShRNA+cis group and ShRNA-PART1-1+cis
group. Cells were washed by PBS. Then, cells were resuspended in 500 µl binding buffer and stained with 5 µl Annexin V-FITC and 10 µl Polyimide (PI) for 15 min in the
dark at room temperature. The proportion of apoptotic cells
was detected by flow cytometry.
Statistical analysis
SPSS 22.0 was used to analyze the data which are presented
as mean ± standard deviation (SD). Comparison of the
mean values of multiple groups was conducted by single
factor analysis of variance (ANOVA), with least significant
difference (LSD) method used for pairwise comparison.
Comparison of the mean values of two groups was conducted
by T-test. A p value < 0.05 was statistically significant.

Transwell assay

Ethics approval and consent to participate

Matrigel gel was mixed with serum free medium at a ratio of 8:1. In the 24-well transwell plate, 250 μl mixture
was added to upper chamber, followed by adding 100 μl
hydrated basement membrane with serum free medium.
The cell density was adjusted to 2.5×105/ml and 200 μl cell
suspension was added to upper chamber. 600 μl DMEM
medium containing 20% FBS was added to lower chamber.
The 24-well transwell plate was cultured for 24 h. Transwell
indoor liquid was discarded, and the inner surface cells
at the bottom of upper chamber were lightly wiped with
cotton swab. Then, chambers were intruded into 95% ethanol and fixed for 5 min, followed by staining with 200 μl
4 g/l crystal violet for 10 min. Each sample was randomly

The study was approved by the Ethics committee of the First
People’s Hospital of Wenling. The participants provided written informed consent to participate in the study.

A

Results
PART1 was increased in breast cancer tissues and cells
The expression of PART1 in breast cancer tissues and cells
was detected by RT-qPCR analysis. The expression of PART1
was increased in breast cancer tissues compared with adjacent tissues (Fig. 1A) and was increased in MCF-7, T47D,

B

Figure 1. A. PART1 was increased in breast
cancer tissues compared with the paired adjacent normal tissues (Control). B. PART1 was
increased in breast cancer cells (T47D, MCF-7,
MDA-MB-435, BT-549) compared with MCF10A cells. * p < 0.05, *** p < 0.001 vs. MCF-10A
group.
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Figure 2. Silencing of PART1 inhibited proliferation of breast cancer cells. The PART1 expression was decreased in MCF-7 cells (A)
and in T47D cells (B) transfected with ShRNA-PART1. The proliferation of MCF-7 cells (C) and T47D cells (D) were decreased after
transfection of ShRNA-PART1. ** p < 0.01, *** p < 0.001 vs. Control group; # p < 0.05, ### p < 0.001 vs. ShRNA group.

MDA-MB-435 and BT-549 cells compared with MCF-10A
cells (Fig. 1B). The expression of PART1 in MCF-7 and T47D
cells was higher than the expression in MDA-MB-435 and
BT-549 cells. Therefore, MCF-7 and T47D cells were selected
for the subsequent experiments.
Silencing of PART1 inhibited proliferation of breast cancer cells
The transfection effects of ShRNA-PART1 on the MCF-7 and
T47D cells were confirmed by RT-qPCR analysis. PART1 ex-

pression in MCF-7 and T47D cells was decreased when cells
were transfected with ShRNA-PART1 (Fig. 2A, B). PART1
expression in ShRNA-PART1-1 group was less than that in
ShRNA-PART1-2 group, so ShRNA-PART1-1 was selected
for the subsequent experiments. The proliferation of MCF7 and T47D cells was suppressed compared with those in
Control group and ShRNA group (Fig. 2C, D). In addition,
the expression of CDK2 and cyclinE1 in MCF-7 and T47D
cells transfected with ShRNA-PART1-1 was decreased while
P21 expression was increased (Fig. 3). Collectively, the results

A

B

Figure 3. Silencing of PART1 changed the proliferation related proteins in MCF-7 cells (A) and T47D cells (B). The expression of
proliferation-related proteins were detected by Western blot analysis. ** p < 0.01, *** p < 0.001 vs. Control group; ## p < 0.01, ### p <
0.001 vs. ShRNA-NS group.
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indicated that silencing of PART1 inhibited proliferation of
breast cancer cells.
Silencing of PART1 inhibited invasion and migration of
breast cancer cells
Transwell assay and wound healing assay were used to
analyze the invasion and migration of breast cancer cells.
The migration and invasion rate of MCF-7 were obviously
decreased in ShRNA-PART1-1 group (Fig. 4A, B). The protein expression of MMP3, MMP10 and MMP13 in MCF-7
cells, which was related to invasion and migration, was all

decreased in ShRNA-PART1-1 group (Fig. 4C). The migration rate and invasion rate of T47D cells (Fig. 5A, B) and
the protein expression of MMP3, MMP10 and MMP13 in
T47D cells was all decreased (Fig. 5C). Therefore, the findings showed that silencing of PART1 inhibited invasion and
migration of breast cancer cells.
Silencing of PART1 promoted the efficacy of cisplatin in
breast cancer cells
CCK-8 assay detected the cell viability. As shown in Figure 6,
the IC50 of MCF-7 and T47D cells in Control group and

A

B

C

Figure 4. Silencing of PART1 inhibited invasion and migration of MCF-7 cells. The migration (A) and invasion (B) of MCF-7 cells was
decreased after transfection of ShRNA-PART1. C. The migration of MCF-7 cells was decreased after transfection of ShRNA-PART1.
*** p < 0.001 vs. Control group; ### p < 0.001 vs. ShRNA-NS group.
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ShRNA-NC group was about 0.8 μM and the IC50 of MCF-7
and T47D cells in ShRNA-PART1-1 group was 0.02 μM.
The concentration of cisplatin at 0.02 μM was selected for
the subsequent study. The above results demonstrated that
silencing of PART1 increased the sensitivity of breast cancer
cells to cisplatin.

Silencing of PART1 promoted apoptosis of breast cancer cells
treated by cisplatin
The cell apoptosis was detected by flow cytometry analysis.
The apoptosis of MCF-7 and T47D cells was increased
when MCF-7 and T47D cells were treated with 0.02 μM

A

B

C

Figure 5. Silencing of PART1 inhibited invasion and migration of T47D cells. A. The migration of T47D cells was decreased after transfection of ShRNA-PART1. B. The related proteins of invasion and migration were decreased in T47D cells transfected with shRNA-PART1.
C. The related proteins of invasion and migration were decreased in T47D cells transfected with ShRNA-PART1. *** p < 0.001 vs. Control
group; ### p < 0.001 vs. ShRNA-NS group.

349

Role of lncRNA PART1 in breast cancer cells

cisplatin. When MCF-7 and T47D cells were transfected
with ShRNA-PART1-1 previously, the apoptosis of MCF-7
and T47D cells treated with 0.02 μM cisplatin was improved
(Fig. 7). In addition, the expression of Bcl2 was decreased and
the expression of Bax and cleaved caspase-3 was increased
in MCF-7 and T47D cells in ShRNA-PART1-1+cis group
compared with Control+cis group and ShRNA+cis group
(Fig. 8). Therefore, silencing of PART1 promoted apoptosis
of breast cancer cells treated with cisplatin.
Silencing of PART1 reversed the resistance of MCF-7/DDP
cells and T47D/DDP cells to DDP
The proliferation of MCF-7/DDP cells and T47D/DDP cells
transfected with ShRNA-PART1-1 was decreased after the
treatment of cisplatin (Fig. 9). The expression of resistanceassociated proteins including MDP1, MRP1, GST-π and
ABCB1 was decreased in MCF-7/DDP cells and T47D/DDP
cells transfected with ShRNA-PART1-1 (Fig. 10). Therefore,
silencing of PART1 reversed the resistance of MCF-7/DDP
cells and T47D/DDP cells to cisplatin through down-regulating the expression of resistance proteins.

A

B

Discussion

Figure 6. Silencing of PART1 promoted the efficacy of cisplatin in
breast cancer cells. The IC50 value of MCF-7 cells (A) and T47D
cells (B) for cisplatin was decreased after transfection of ShRNAPART1.

Here, the effects of PART1 on the proliferation, invasion and
migration of breast cancer cells and the efficacy of cisplatin
in breast cancer cells have been explored in this study. We
found that PART1 expression was increased in breast cancer
tissues and cells, and silencing of PART1 inhibited proliferation, invasion and migration of breast cancer cells, at the
same time promoted the efficacy of cisplatin in these cells.
More than 90% of genome is actively transcribed, which
crucially regulates the cell state (Birney et al. 2007; Gibb et
al. 2011). In the development of breast cancer, abnormal expression of multiple genes contributed to the deterioration of
breast cancer. Among the abnormally expressed genes such
as lncRNA CDC6, FOXD3-AS1, TRPM2-AS and POU3F3,
the extremely important lncRNAs often show suppression
and promotion effects on cancer cells (Guan et al. 2019; Kong
et al. 2019; Sun et al. 2019a; Yang et al. 2019).
Nowadays, great amounts of existing studies demonstrated that lncRNAs were involved in breast cancer and
abnormal expression of lncRNAs could deteriorate the
cancers (Fu et al. 2019; Sun et al. 2019b; Wang et al. 2019).
In this study, we found that PART1 expression was obviously
increased in breast cancer tissues and cells. Furthermore,
silencing of PART1 suppressed the proliferation of breast
cancer cells. Meanwhile, proliferation-related proteins were
detected, and silencing of PART1 distinctly inhibited the
expression of CDK2 and cyclinE1 as well as promoted the
P21 expression. CDK2 can bind to cyclinE and cyclinA to

promote cell division and cell cycle progression. If CDK2
is always in a highly active state, it will be able to disrupt
the cell cycle process, leading to malignant cell proliferation
and tumor formation (Xie 2009). P21 is a broad-spectrum
cycle-dependent kinase inhibitor and negative regulator of
the cell cycle, which can inhibit cell proliferation and repair
damaged or miscopied DNA by blocking G1/S transformation of the cell cycle. Therefore, P21 is generally considered
to be a tumor suppressor gene (Nie et al. 2015; Ong et al.
2015; Shi et al. 2015). Moreover, silencing of PART1 also
inhibited the invasion and migration of breast cancer cells
and down-regulated the expression of MMP3, MMP10 and
MMP13. Wu et al. (2019) found that lncRNA HCP5 was
obviously decreased in MDA-MB-231/DDP cells compared
with MDA-MB-231 cells, and HCP5 interference decreased
the efficacy of cisplatin in MDA-MB-231 cells. In this study,
silencing of PART1 promoted the efficacy of cisplatin in
breast cancer cells by increasing their apoptosis. Caspase-3
activation includes overexpression of Bax and simultaneous downregulation of Bcl-2 expression, which cause cell
apoptosis (Hatok and Racay 2016; Ichim and Tait 2016). In
addition, silencing of PART1 decreased the expression of
drug resistance-associated proteins in the cisplatin -resistant breast cancer cells. ABCB1 is an important member of
the ABC family that enables many chemotherapy drugs to
pump out cells to induce multidrug resistance and other

Figure 7. Silencing of PART1 promoted apoptosis of breast cancer cells treated by cisplatin. The apoptosis of MCF-7 cells (A) and T47D cells (B) treated by cisplatin was increased
after transfection of ShRNA-PART1. *** p < 0.001 vs. Control group; ### p < 0.001 vs. Control+cis group; ∆∆∆ p < 0.001 vs. ShRNA+cis group.
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A

B

Figure 8. Silencing of PART1 changed the expression of apoptosis related proteins in breast cancer cells treated by cisplatin. The expression of apoptosis-related proteins MCF-7 (A) and T47D cells (B) cells treated by cisplatin was detected by Western blot analysis. * p <
0.05, ** p < 0.01, *** p < 0.001 vs. Control group; # p < 0.05, ## p < 0.01 vs. Control+cis group; ∆ p < 0.05, ∆∆ p < 0.05 vs. ShRNA+cis group.

members, including ABCC1 (multidrug resistance related
protein, MRPl) and ABCG2 (breast cancer drug resistance
protein, BCRP) (Mao 2005; Fojo and Coley 2007). GST-π
is involved in cell resistance to cisplatin, adriamycin and
mitomycin C. Fan Zhang et al. (2001) found that preoperative untreated ovarian cancer had an intrinsic resistance
mechanism mediated by GST-π to some extent, and GST-π
expression could better predict chemotherapy response.
Here, the expression of MDP1, MRP1, GST-π and ABCB1
in MCF7/DDP cells and T47D/DDP cells was obviously
decreased when MCF7/DDP cells and T47D/DDP cells
transfected with ShRNA-PART1-1.
In conclusion, our present study showed that PART1
expression was increased in breast cancer tissues and cells.
Silencing of PART1 inhibited proliferation, invasion and
migration of breast cancer cells, and promoted the efficacy of
cisplatin in breast cancer cells by increasing their apoptosis.
Moreover, silencing of PART1 decreased the expression of
drug resistance-associated proteins in the cisplatin-resistant
breast cancer cells. PART1 provided for us with a new sight
to treat the breast cancer and cisplatin-resistant breast cancer.
However, the study is still limited because the nature of our
research is in vitro, which is not persuasive compared with
in vivo experiment. In the future, we will conduct in vivo experiments to enhance the credibility of experimental results.

A

B

Figure 9. Silencing of PART1 inhibited proliferation of drug resistant human breast cancer cells. The proliferation of MCF-7/DDP
cells (A) and T47D/DDP cells (B) in cisplatin was decreased after
transfection of ShRNA-PART1. * p < 0.05, ** p < 0.01, *** p < 0.001
vs. Control group; # p < 0.05, ## p < 0.01, ### p < 0.001 vs. ShRNA-NS
group; ∆ p < 0.05 vs. ShRNA-PART1 group.

Figure 10. Silencing of PART1 inhibited the expression of resistance proteins in multi-drug resistant human breast cancer cells. The expression of drug resistance-associated proteins
were decreased in MCF-7/DDP cells (A) and in T47D cells (B). *** p < 0.001 vs. Control group; ### p < 0.001 vs. ShRNA-NS group.
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