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Abstract: Breast cancer is a type of cancer that begins in the breast tissue. Being a woman is the most important factor in the risk of breast cancer. Although men 
also get the cancer, women are much more likely to get it. This experiment was founded to investigate the effect and mechanism of Cisatracurium on breast cancer 
cell proliferation, migration and invasion. Breast cancer cells MDA-MB-231 were cultured in vitro. MDA-MB-231 cells were treated with cisatracurium of differ-
ent concentrations for 48 h. CCK-8method detected cell proliferation, Transwell detected cell migration and invasion, Western Blot method detected the expression 
levels of CyclinD1, p21, MMP-2andMMP-9protein in cells, RT-qPCR) detected the expression level of miR-3174in cells. After miR-3174 inhibitor was transfected 
into MDA-MB-231 in order to down-regulate the expression of miR-3174, the same methods as above were used to observe the effect of the down-regulating miR-
3174 expression on MDA-MB-231 cell proliferation, migration and invasion as well as the expression levels of CyclinD1, p21, MMP -2 andMMP-9 protein. After 
different concentrations of Cisatracurium acted on MDA-MB-231 cells, the cell inhibition rate and p21 protein expression were significantly increased (p<0.05), 
the number of cell migration and invasion and the expression levels of CyclinD1, MMP-2 and MMP-9 were significantly reduced (p<0.05), and the expression 
of miR-3174 in cells was significantly reduced (p<0.05). After down-regulating the expression of miR-3174, the cell inhibition rate and p21 protein expression 
were significantly increased (p<0.05), the number of cell migration and invasion and the expression levels of CyclinD1, MMP-2 and MMP-9 were significantly 
reduced (p<0.05). Up-regulating miR-3174 expression could reverse the effect of Cisatracurium on the proliferation, migration and invasion of MDA-MB-231 
cells. Cisatracurium can inhibit the proliferation, migration and invasion of breast cancer MDA-MB-231 cells, and its mechanism is related to the down-regulation 
of miR-3174 expression in cells.
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Introduction

Breast cancer is a common malignant tumor threat-
ening women's life and health, whose incidence is in-
creasing with patients getting younger (1). Breast can-
cer occurs in the cells of the breast. After skin cancer, 
breast cancer is one of the most common cancers diag-
nosed in women. Breast cancer is found in both women 
and men, but is much more common in women. Breast 
cancer occurs when breast cells grow abnormally. These 
cells divide and accumulate faster than healthy cells and 
form a mass. The cells may spread to the lymph nodes 
or other parts of the body. This type of cancer often be-
gins in the milk ducts and may start in the glandular 
tissue called the labia or other cells inside the breast (1-
2). Researchers believe that hormonal factors, lifestyle 
and environmental factors are involved in the disease, 
but they still do not know why some people who do not 
have the underlying causes of breast cancer develop the 
disease (2).

Radical mastectomy is a model of surgery performed 
on the breast. During radical mastectomy, most of the 
muscles in the chest (including the large and small 
breasts) and the axillary lymph nodes are removed to 
treat breast cancer. The surgery may also involve pain 
around the surgical site, which is a procedure that is 
more supportive and is delayed during the visit after 

surgery. The scar tissue that remains at the site of the 
incision closure after surgery by stitches or staplers will 
be about 6 to 8 cm long. Radical mastectomy, as cur-
rently the most effective treatment for breast cancer, can 
significantly improve treatment effect and patient prog-
nosis (2). 

Surgical excision of breast tumor requires anaesthet-
ics to sufficiently relax the muscles. In recent years, 
studies have shown that the use of anesthetics can affect 
patient prognosis by affecting the malignant biological 
behavior of tumor cells (3,4). Cisatracurium (Cis) is a 
nonpolarized muscle relaxant often used as an anaes-
thetic adjuvant. It has been reported that cisatracurium 
can inhibit the migration and invasion of colorectal can-
cer cells (5), but its effect on the malignant biological 
behavior of breast cancer cells still remains unknown. 

A microRNA (miRNA) is a small non-coding RNA 
molecule found in plants, animals, and some viruses. 
These RNAs are found in eukaryotes and are about 17-
23 nucleotides long. Their main function is to regulate 
gene expression after transcription; By interacting 
with the mRNA and shutting it down, they suppress 
and sometimes activate the production of the desired 
gene protein. 60% of the genome of mammals, and the 
human genome can encode about 1,000 of them. There 
are different types of miRNA in fungi, as well as plants 
and animals. Also, miRNA is a class of small molecule 
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non-coding single-stranded RNA that participates 
in the regulation of cell proliferation, apoptosis, 
differentiation and other biological processes, and plays 
an important role in the occurrence and development 
of various human diseases, especially tumors (6,7). 
Studies have shown that miR-3174 is up-regulated in 
colorectal cancer, thus promoting proliferation and 
cell cycle progression of colorectal cancer cells and 
inhibiting apoptosis via targeted inhibition of PCBD2 
expression, which may be a potential molecular target 
for colorectal cancer therapy (8). At present, the effect 
of miR-3174 on the malignant biological behavior 
of breast cancer cells still remains unknown. In this 
study with breast cancer MDA-MB-231 cells as the 
research object, the effects of cisatracurium on the 
proliferation, migration and invasion of MDA-MB-231 
cells and whether it is achieved by miR-3174 expression 
regulation are discussed, with a view to providing a 
certain experimental basis for the use of cisatracurium 
in clinical radical mastectomy.

Materials and Methods

Cells and experiment reagents
Breast cancer cell line MDA-MB-231 (Chinese 

Academy of Sciences, Shanghai Cell Bank), cisatra-
curium (batch number 20181215, Jiangsu Hengrui 
Medicine Co., Ltd.), fetal bovine serum (FBS) (Zhe-
jiang Tianhang Biotechnology Co., Ltd.), RPMI 1640 
medium (Beijing Solarbio Science &Technology Co., 
Ltd), cell counting kit-8 (CCK 8) and bicinchoninicacid 
(BCA) protein detection kit (Shanghai Beyotime Bio-
technology Co., Ltd.), trypsin (Sigma, USA), reverse 
transcription kit and PCR kit (Shenzhen Jingmei Bio-
logical Engineering Co., Ltd.), Trizol reagent and Lipo-
fectamineTM2000 kit (Invitrogen, USA), PCR primer 
(Sangon Biotech (Shanghai) Co., Ltd.), miR-3174 in-
hibitor (anti-miR-3174), inhibitor control (anti-miR-
NC), miR-3174 mimcs (miR-3174), mimcs negative 
control (miR-NC group) (Shanghai GenePharma Co., 
Ltd.), rabbit anti-human matrix metalloproteinase 2 
(MMP-2), matrix metalloproteinase 9(MMP-9) and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
polyclonal antibody (Beijing Zhongshan Golden Bridge 
Biotechnology Co., Ltd.), rabbit anti-human cell cycle 
protein(CyclinD1) and P21 monoclonal antibody(Santa 
Cruz, USA).

Experimental methods

Cell culture and transfection
MDA-MB-231 cells were cultured in RPMI 1640 

medium containing 10% FBS and placed in an incuba-
tor at 37℃ with 5% CO2 volume fraction and 97% hu-
midity. The medium was changed once every 2 days. 
When the cell growth density reached 80 %~90 %, 
0.25 % trypsin solution was digested and subcultured 
at a ratio of 1:3. MDA-MB-231 cells in the logarith-
mic phase were seeded in 6-well plates with 1×105 cells 
per well. When the cell growth density reached 60%, 
it was replaced by RPMI 1640 medium without FBS. 
Anti-miR-3174, anti-miR-NC, miR-3174 mimics, miR-
NC groups were transfected into MDA-MB-231 cells 
according to the specification of LipofectamineTM 2000 

kit. 6 h after transfection, it was replaced by RPMI 
1640 medium containing 10% FBS. After 48h of further 
culture, the cells were collected for subsequent experi-
ments.

Cell grouping
The untransfected MDA-MB-231 cells were divided 

into the control group (Con group), low-dose cisatra-
curium group (Cis-L group), medium-dose cisatracu-
rium group (Cis-M group) and high-dose cisatracurium 
group (Cis-H group). Con group cells were cultured in 
the conventional medium for 48 h. Cells of Cis-L group, 
Cis-M group and Cis-H group were cultured with me-
dium containing 10, 20 and 40μmol/L[5] cisatracu-
rium respectively for 48 H. The cells transfected with 
anti-miR-3174 and anti-miR-NC were cultured in the 
conventional medium for 48 h, which were recorded as 
an anti-miR-3174 group and anti-miR-NC group, re-
spectively. The cells transfected with miR-3174 mim-
ics and miR-NC were cultured with medium containing 
40μmol/L cisatracurium for 48 h, which were recorded 
as Cis+ miR-3174 group and Cis+ miR-NC group, re-
spectively.

Cell proliferation detection by cell counting kit -8 
(CCK-8)

The cells were seeded in 96-well plates with 0.5×104 
cells per well and grouped according to 1.2.2, with 3 
parallel holes in each group. After the culture, 100 μL 
CCK-8 reagent was added to each well and incubated in 
the incubator for 2 h. Absorbance (A) was determined 
at 450 nm by the microplate reader. Cell inhibition rate 
(%) =(1-Aexperimental group /Acontrol group)×100%

Transwell detection of cell migration and invasion
Cell concentration was adjusted to 5×104cell /mL 

using RPMI 1640 medium without FBS. Cell migration 
experiment: Transwell chamber was placed in a 24-well 
plate. 200 μL cell suspension was added to the upper 
chamber, and 600 μL RPMI 1640 medium containing 
10% FBS was added to the lower chamber. According 
to the grouping in 1.2.2, 3 parallel holes were set for 
each group. After culture, the Transwell chamber was 
removed. Cells on the upper side of the filter membrane 
were removed by a cotton swab. At room temperature, 
the membrane was fixed with 4% paraformaldehyde 
for 30 min and stained with 0.4% crystal violet for 15 
min. By inverted microscope observation, 5 fields were 
randomly selected to count the migration cells. Cell in-
vasion experiment: after melted at 4℃, Matrigel was 
diluted with RPMI 1640 medium at a ratio of 1:8, and 
then placed in the upper Transwell chamber. After natu-
ral drying, 100 μL cell suspension was added. The sub-
sequent operation was consistent with that of the cell 
migration experiment.

Detection of mir-3174 expression by real-time fluores-
cent quantitative PCR (RT-qPCR)

Total RNA was extracted from the cells using Trizol 
reagent and reversely transcribed to cDNA for PCR am-
plification according to the instructions of the reverse 
transcription kit. Amplification procedures: 95℃10 
min, 95℃15 s, 60℃30 s, 72℃30 s, a total of 35 cycles. 
Primer sequence: miR-3174 forward primer 5'-GTC-
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of variance was used for comparison among multiple 
groups, and the SNK-q test was used for further pair-
wise comparison. P<0.05indicates statistically signifi-
cant differences.

Results

Effect of cisatracurium on the proliferation of breast 
MDA-MB-231 cells

Compared with the control group, after different con-
centrations of cisatracurium act on MDA-MB-231 cells, 
cell inhibition rate is significantly increased (p<0.05), 
CyclinD1 protein expression in the cells is significantly 
decreased (p<0.05), p21 protein expression is signifi-
cantly increased (p<0.05), indicating that cisatracurium 
can inhibit the proliferation of breast cancer MDA-
MB-231 cells, as shown in Figure 1 and Table 1.

Effect of cisatracurium on the migration and inva-
sion of breast cancer MDA-MB-231 cells

Compared with the control group, after different con-
centrations of cisatracurium act on MDA-MB-231 cells, 
the number of migrating and invasive cells is signifi-
cantly reduced (p<0.05), MMP-2 and MMP-9 protein 
expression in the cells is significantly reduced (p<0.05), 
suggesting that cisatracurium can inhibit the migration 
and invasion of breast cancer MDA-MB-231 cells, as 
shown in Figure 2 and Table 2.

Effect of cisatracurium on miR-3174expression in 
breast cancer MDA-MB-231 cells

Compared with the control group, after different 
concentrations of cisatracurium act on MDA-MB-231 
cells, miR-3174 expression in the cells is significant-
ly reduced (p<0.05), indicating that cisatracurium can 
inhibit miR-3174 expression in breast cancer MDA-

CGAAGTCGATGCCCGT-3', reverse primer 5'-GCAT-
TAAGCTC GCTAGTTTGTCA-3'; U6 forward primer 
5'-CTCGCTTCGGCAGCACA-3', reverse primer 
5'-AACGCTTCACGAATTTGCGT-3'. With U6 as an 
internal reference, the relative expression level of miR-
3174 in cells was calculated by the 2-ΔΔCt.

Detection of CyclinD1, p21, MMP-2 and MMP-9 pro-
tein expressions in cells by Western Blot

Total protein was extracted from RIPA cell lysate, 
and protein concentration was detected by the BCA pro-
tein kit. An appropriate amount of protein solution was 
weighed, added with 1×loading buffer, mixed evenly, 
and boiled at 100℃ for 5 min. After protein denaturation, 
SDS polyacrylamide gel electrophoresis (SDS-PAGE) 
was performed with 20 μg proteins per well. After elec-
trophoresis, it was transferred to polyvinylidene fluoride 
(PVDF) membrane, sealed in 5% skim milk powder for 
2 h. Then, CyclinD1 (1:1000), p21 (1:1000), MMP-2 
(1:8000), MMP-9 (1:8000) and GAPDH (1:1000) pri-
mary antibodies were added and incubated overnight at 
4℃. After washing the membrane with TBST, horse-
radish peroxidase-labeled sheep anti-rabbit IgG (1:500) 
was added and incubated at room temperature for 1 h. 
After washing the membrane with TBST, ELC chemi-
luminescence reagent was added. After development in 
darkness, the gel imaging system was exposed and pho-
tographed, and the gray value of the protein strip was 
analyzed using Image J software.

Statistical analysis
SPSS.22.0 software was used to analyze the experi-

mental data. The measurement data conforming to nor-
mal distribution were expressed as mean ± standard de-
viation ( x ±s). An independent sample t-test was used 
for comparison between two groups. One-way analysis 

Figure 2. Expression of migration and invasion-related proteinsFigure 1. Expression of proliferation-related proteins.

Group Inhibition rate (%) CyclinD1 protein p21 protein
Con 0.00±0.00 0.68±0.05 0.32±0.03
Cis-L 27.02±2.60* 0.56±0.05* 0.49±0.05*
Cis-M 43.08±3.93*# 0.41±0.04*# 0.63±0.05*#

Cis-H 69.13±5.35*#& 0.25±0.03*#& 0.77±0.05*#&

F 687.421 166.560 158.964
P 0.000 0.000 0.000

Note: Compared with Con group, *p<0.05; compared with Cis-L group, #p<0.05; 
compared with Cis-M group, &p<0.05.

Table 1. Effect of cisatracurium on the proliferation of breast cancer MDA-MB-231 
cells( x ±s, n=9).
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MB-231 cells, as shown in Table 3.

Effect of down-regulation of miR-3174 expression on 
proliferation of breast cancer MDA-MB-231 cells

Compared with the anti-miR-NC group, anti-
miR-3174 group cells have significantly reduced miR-
3174 expression level (p<0.05), suggesting success-
ful transfection of anti-miR-3174 and down-regulated 
miR-3174 expression in the cells. Compared with the 
anti-miR-NC group, the anti-miR-3174 group has sig-
nificantly increased cell inhibition rate(P<0.05), sig-
nificantly decreased CyclinD1 protein expression in the 
cells (p<0.05), significantly increased p21 protein ex-
pression (p<0.05), suggesting that down-regulation of 
miR-3174 can inhibit the proliferation of breast cancer 
MDA-MB-231cells, as shown in Figure 3 and Table 4.
Effect of down-regulation of miR-3174 expression on 
the migration and invasion of breast cancer MDA-
MB-231 cells

Compared with the anti-miR-NC group, the anti-
miR-3174 group has significantly reduced the number 
of migrating and invasive cells (p<0.05), significantly 
reduced MMP-2 and MMP-9 protein expression in the 
cells (p<0.05), indicating that down-regulation of miR-
3174 expression can inhibit the migration and invasion 
of breast cancer MDA-MB-231 cells, as shown in Fig-
ure 4 and Table 5.
Upregulation of miR-3174 reverses the effect of cisa-
tracurium on proliferation, migration and invasion 
of breast cancer MDA-MB-231 cells

Table 2. Effect of cisatracurium on the migration and invasion of breast cancer MDA-MB-231 cells ( x ±s, n=9).

Note: Compared with Con group, *p<0.05; compared with Cis-L group, #p<0.05; compared with Cis-M group, &p<0.05.

Group Number of migrating cells Number of invasive cells MMP-2 protein MMP-9 protein
Con 115.76±9.77 95.75±7.69 0.61±0.04 0.83±0.06
Cis-L 87.48±6.79* 78.32±6.77* 0.46±0.04* 0.70±0.05*
Cis-M 70.41±5.02*# 62.20±5.91*# 0.34±0.03*# 0.55±0.05*#

Cis-H 54.69±4.21*#& 44.67±3.82*#& 0.20±0.02*#& 0.37±0.03*#&

F 133.340 111.426 243.400 148.642
p 0.000 0.000 0.000 0.000

Group miR-3174
Con 1.00±0.05
Cis-L 0.78±0.06*
Cis-M 0.63±0.04*#

Cis-H 0.45±0.04*#&

F 210.194
p 0.000

Note: Compared with Con group, *p<0.05; compared with Cis-L 
group, #p<0.05; compared with Cis-M group, &p<0.05.

Table 3. Effect of cisatracurium on miR-3174expression in breast 
cancer MDA-MB-231 cells ( x ±s, n=9).

Group miR-3174 Inhibition rate(%) CyclinD1 protein p21 protein
anti-miR-NC 1.00±0.06 6.37±0.63 0.69±0.05 0.31±0.03
anti-miR-3174 2.84±0.25* 48.19±4.33* 0.28±0.03* 0.71±0.05*
t 21.470 28.673 21.094 20.580
p 0.000 0.000 0.000 0.000

Figure 3. Expression of proliferation-related proteins.

Note: Compared with the anti-miR-NC group, *p<0.05.

Table 4. Effect of down-regulation of miR-3174 expression on proliferation of breast cancer MDA-MB-231 cells( x ±s, n=9).

Group Number of migrating cells Number of invasive cells MMP-2 protein MMP-9 protein
anti-miR-NC 119.83±9.54 98.08±8.70 0.62±0.05 0.86±0.05
anti-miR-3174 65.37±5.35* 57.74±4.61* 0.26±0.02* 0.45±0.05*
t 14.937 12.291 20.055 17.395
p 0.000 0.000 0.000 0.000

Note: Compared with the anti-miR-NC group, *p<0.05.

Table 5. Effect of down-regulation of miR-3174 expression on the migration and invasion of breast cancer MDA-MB-231 cells ( x ±s, n=9).

Figure 4. Expression of migration and invasion-related proteins.
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Compared with the Cis+ miR-NC group, Cis+ miR-
3174 group has significantly increased miR-3174 ex-
pression (p<0.05), significantly decreased cell inhibi-
tion rate and p21 protein expression (p<0.05), signifi-
cantly increased the number of migrating and invasive 
cells as well as CyclinD1, MMP-2and MMP-9 protein 
expression in the cells (p<0.05), as shown in Figure 5 
and Table 6.

Discussion

Radical surgery refers to the surgical procedure 
that removes the circulatory system, lymph nodes, and 
sometimes adjacent structures from a damaged organ 
during surgery. In oncology surgery, radical surgery is a 
procedure that can be used to help diagnose and treat a 
disease by removing a tumor or cluster lymph nodes and 
capturing their contents. (Such as radical mastectomy) 
(2, 9). 

Radical surgery is the dominant treatment for breast 
cancer, which is inseparable from the use of anesthetic 
drugs. Studies have shown that both anesthetic drugs 
and anesthesia methods can affect patient prognosis. 
Cisatracurium is currently one of the most widely used 
anesthetic-inducing drugs in clinical practice, which 
can reduce the migration and invasion of esophageal 
squamous cell carcinoma by inhibiting epithelial-mes-
enchymal transition (EMT) and TGF-β/Smad signaling 
pathway (9). So far, the effect of cisatracurium on pro-
liferation, migration and invasion of breast cancer cells 
remains unknown. CyclinD1 participates in the regu-
lation of the cell cycle, which can promote cell transi-
tion from the G1 phase to the S phase and accelerate 
cell proliferation (10). p21 is an already known tumor 
growth suppressor, whose increased expression can 
inhibit cell proliferation (11). In this study, compared 
with the control group, after different concentrations 
of cisatracurium acted on MDA-MB-231 cells for 48 
h, cell inhibition rate and p21 protein expression were 
significantly increased and CyclinD1 protein expres-
sion was significantly decreased, suggesting that cisa-
tracurium could effectively inhibit the proliferation of 
MDA-MB-231 cells. Inhibition of tumor cell migration 
and invasion as the main causes of tumor recurrence and 
metastasis can effectively reduce the rate of tumor re-
currence and metastasis (12). Matrix metalloproteinases 
are a type of enzymes that can degrade the extracellu-
lar matrix and promote cell migration and invasion by 

degrading extracellular matrix (13). In this study, after 
cisatracurium acts on MDA-MB-231 cells, the number 
of migrating and invasive cells decreased, with MMP-2 
and MMP-9 protein expression in the cells decreased, 
indicating that cisatracurium could inhibit the migration 
and invasion of MDA-MB-231 cells.

miRNA widely present in eukaryotes plays an impor-
tant regulatory role in life processes like cell prolifera-
tion, migration, invasion, which is a potential molecular 
target for tumor therapy (14). miR-3174 is a newly dis-
covered miRNA with up-regulated expression in tumors 
of liver cancer (15), stomach cancer (16), etc. Down-
regulation of miR-3174 expression can inhibit the pro-
liferation of tumor cells, induce apoptosis of tumor 
cells, and delay tumor development. However, the effect 
of miR-3174 on the malignant biological behavior of 
breast cancer cells remains unknown. In this study, af-
ter down-regulating miR-3174 expression by transfec-
tion of the miR-3174 inhibitor to MDA-MB-231 cells, 
cell ability of proliferation, migration and invasion was 
decreased, suggesting that down-regulating miR-3174 
expression could inhibit the proliferation, migration and 
invasion of MDA-MB-231 cells. miR-3174 may also be 
a potential molecular target for breast cancer therapy. 
To explore the molecular mechanism of cisatracurium 
in inhibiting the proliferation, migration and invasion 
of breast cancer MDA-MB-231 cells, RT-qPCR was 
taken in this study to detect the influence of cisatracu-
rium on miR-3174 expression in MDA-MB-231 cells. 
The results showed that cisatracurium could inhibit 
miR-3174 expression in MDA-MB-231 cells. At the 
same time, this study also revealed that the upregula-
tion of miR-3174 expression reversed the inhibition of 

Group miR-3174 Inhibition rate (%) Number of migrating cells Number of invasive cells
Cis+miR-NC 1.00±0.04 67.92±5.30 52.40±5.37 43.17±3.92
Cis+miR-3174 2.36±0.22* 23.69±2.38* 92.45±8.92* 81.44±5.91*
t 18.246 22.839 11.540 16.189
p 0.000 0.000 0.000 0.000
Group CyclinD1 protein p21 protein MMP-2 protein MMP-9 protein
Cis+miR-NC 0.24±0.02 0.78±0.06 0.19±0.02 0.36±0.03
Cis+miR-3174 0.57±0.05* 0.41±0.03* 0.50±0.04* 0.72±0.05*
t 18.384 16.547 20.795 18.522
p 0.000 0.000 0.000 0.000

Note: Compared with the Cis+miR-NC group, *p<0.05.

Table 6. Upregulation of miR-3174 reverses the effect of cisatracurium on proliferation, migration and invasion of breast cancer MDA-MB-231 
cells ( x ±s, n=9).

Figure 5. Expression of proliferation, migration and invasion-re-
lated proteins.
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cisatracurium on the proliferation, migration and inva-
sion of MDA-MB-231 cells, suggesting that cisatracu-
rium inhibited the proliferation, migration and invasion 
of MA-MB-231 cells by down-regulating miR-3174 
expression. The associations of non-coding RNAs with 
genomic lesions, colorectal lesions, in cancers, and even 
in the rate of fetal growing emphasize the significance 
of miRNAs (17-19). 

Gene expression and its regulation have always 
been the topics of concern to researchers in molecular 
genetics, and research in this area has yielded interesting 
results. Gene editing is one of the most important 
achievements in human research and can greatly control 
gene expression (20-31). In this experiment, miR-3174 
was targeted for expression.

To conclude, cisatracurium can effectively inhibit the 
proliferation, migration and invasion of breast cancer 
MDA-MB-231 cells, possibly by down-regulating miR-
3174 expression in the cells.
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