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Introduction
Breast cancer (BC) is mentioned as the most commonly 
identified cancer in women worldwide. As more details, 
the American Cancer Society had predicted that there 
will be 266 120 and 2550 new incidences of BC in women 
and men, respectively. Also, survival rates for invasive 
BC are 90% and 83%, in 5 and 10 years, respectively.1 
In BC treatment, surgery (including lumpectomy and 
mastectomy), radiotherapy (recommended for most 
patients having breast-conserving surgery), chemotherapy 
(before or after surgery), and hormone (anti-estrogen) 
therapy, and/or targeted therapy are considered as the 
main therapeutic strategies. However, these treatment 
approaches occasionally present some impediments 
like toxicity, relapse, different side effects and high-cost 
treatment. For these reasons, in recent years, a large 
number of researchers have interested and focused on 

novel therapy methods like microRNA replacement 
therapy.2

Convincing evidence propose miRNAs as one of the 
important regulators of gene expression with fundamental 
activities in main biological functions such as cell 
growth and proliferation, apoptosis, and migration.3,4 
Emerging evidence proposes that miRNAs are frequently 
deregulated in different cancers and effect on biological 
processes through managing the pivotal tumor suppressor 
genes or oncogenes.5 Of note, these molecules have been 
contributed in cancer biology and development like 
cell growth and programmed cell death, angiogenesis, 
cell motility and migration, invasion and metastasis of 
various tumors like BC.6,7 In this regard, it was previously 
demonstrated that miR-193 family (including has-miR-
193a and has-miR-193b) can prevent proliferation and 
cell cycle modulation in conventional cells. Indeed, it was 
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Abstract

Purpose: Recent evidence presented the important role of microRNAs in health and disease 
particularly in human cancers. Among those, miR-193 family contributes as a tumor suppressor 
in different benign and malignant cancers like breast cancer (BC) via interaction with specific 
targets. On the other hand, it was stated that miR-193 is able to modulate some targets in 
chemoresistant cancer cells. Therefore, the aim of this study was to evaluate the potential 
function of miR-193a-5p and paclitaxel in the apoptosis induction by targeting P53 in BC cells. 
Methods: At first, miR-193a-5p mimics were transfected to MDA-MB-231 BC cell line which 
indicated the lower expression level of miR-193a-5p. Subsequently, the transfected cells were 
treated with paclitaxel. Then, cell viability, apoptosis, and migration were evaluated by MTT, 
flow cytometry and DAPI staining, and scratch-wound motility assays, respectively. Moreover, 
the expression levels of P53 was evaluated by qRT-PCR. 
Results: The expression level of miR-193a-5p was restored in MDA-MB-231 cells which 
profoundly inhibited the proliferation (P < 0.0001), induced apoptosis (P < 0.0001) and harnessed 
migration (P < 0.0001) in the BC cells and more effectiveness was observed in combination with 
paclitaxel. Interestingly, increased miR-193a-5p expression led to a reduction in P53 mRNA, 
offering that it can be a potential target of miR-193a. 
Conclusion: Taken together, it is concluded that the combination of miR-193a-5p restoration 
and paclitaxel could be potentially considered as an effective therapeutic strategy to get over 
chemoresistance during paclitaxel chemotherapy.
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clarified the tumor suppressor function for miR-193 in 
some tumors, and also demonstrated the important role of 
miR-193a in various cancers like bladder carcinoma, lung 
cancer, hepatocellular carcinoma, colon cancer, as well 
as BC.8-14 On the other hand, growing evidence propose 
that miR‐193 regulation can represent an innovative tool 
for the treatment of cancers. Besides, it was indicated 
that miR‐193a‐3p is able to decrease the expression level 
of some targets such as ING‐5, HOXC9, and PSEN‐1 in 
chemoresistant bladder cancer cells and the response 
to the chemotherapy could be improved.15-17 Our study 
demonstrated that miR-193a-5p could increase the 
sensitivity of BC cells to paclitaxel and also presented that 
miR-193a is involved in the management of apoptosis by 
targeting P53.

Materials and Methods
Cell culture and transfections
MDA-MB-231 cell line that originated from the human 
epithelial BC cells were acquired from the Pasture Institute, 
Tehran, Iran. Firstly, the cells were cultured in a standard 
cell culture condition based on our previous study.18 
Subsequently, 2 × 105 cells were seeded in a 6‐well plate. 
When the seeded cells reached to 50%-70% confluently, the 
cells were washed with PBS (phosphate‐buffered saline) 
and the miR‐193a-5p mimic transfection was performed 
using JetPEI reagent (Polyplus‐transfection, Strasbourg, 
France). To find the appropriate dosage of transfected 
miRNA and optimal time, pilot assessments were carried 
out19 in three 24, 48, 72 hours times intervals, and three 
dosages of 5, 7.5, 10 nmol to obtain the effective time 
and dosage, respectively. MiRNA from Caenorhabditis 
elegans (MISSION2® miRNA, Sigma-Aldrich Co.), with 
no sequence homology to the human gene, was used for 
transfection of negative controls (Table 1).

MTT assay for cell viability
The MTT (3‐ (4, 5‐dimethylthiazol‐2‐yl) ‐2,5‐
diphenyltetrazolium bromide) assay was used to evaluate 
the survival of the cells. Indeed, this assay was exerted 
to determine the value of 50% of inhibition (IC50) for 
miR-193a-5p and paclitaxel. After assessment of the 
IC50 values for miR-193a-5p and paclitaxel, the cells 

transfected with miR-193a-5p and treated with paclitaxel. 
Briefly, 2 × 103 of miR‐193a-5p transfected MDA-MD-231 
cells and the negative control cells were separately seeded 
into 96‐well plates. Subsequently, the transfected cells 
were treated with different doses of paclitaxel ranging 
from 0.15 to 5 µg/ml (Mylan, Saint-Priest, France) after 
24 hours. MTT solution18 was utilized to incubate the 
cells in a cell incubator at 37℃ for 4 hours. Then, the cell 
culture medium was depleted from each well. And 200 μL 
of DMSO (dimethyl sulfoxide) plus 25 μL of Sorenson’s 
buffer were added to each well for solubilization of MTT 
formazan crystals and incubated for 30 minutes at 37°C. 
Finally, the absorbance of each well was evaluated by using 
a microplate reader (Sunrise, Tecan, Switzerland) at 490–
570 nm.

RNA extraction, RT-PCR, and qRT‐PCR for miRNA and 
genes expression
Total RNA was isolated from the cell pellets (approximately 
1 × 106 cell) using RiboEx reagent (Gene All Biotechnology, 
Seoul, South Korea) and the quality and concentration of 
RNA was determined by Nano-Drop spectrophotometer 
(Thermo Fisher Scientific Life Sciences, USA). Moreover, 
the integrity of the RNA was checked by agarose gel 
electrophoresis. For miR‐193a-5p (cDNA) synthesis, the 
miRNA Reverse Transcription Kit (Exiqon, Vedbaek, 
Denmark) was used according to the manufacturer’s 
protocol. In parallel, cDNA synthesis for the P53 gene was 
performed using first strand cDNA synthesis kit (Thermo, 
USA) according to the suggested protocol. A Bio‐Rad 
thermal cycler (Bio‐Rad Laboratories, Inc., Hercules, CA) 
was utilized for applying temperatures.

Quantification of miRNA and mRNA expression levels 
was performed using a standard SYBR Green PCR pre-
mix (Ampliqon, Odense, Denmark) in a Light-Cycler 
96 System (Roche Diagnostics GmbH, Mannheim, 
Germany). Reaction tubes comprised 5 µL of 2X SYBR 
green premix, 0.25 µL of 4 pmol/μl primers and 0.5 µL 
of relating cDNA and nuclease-free water (up to 10 µL). 
The cycling carried out by 94°C for 10 seconds, 59°C 
for 30 seconds and 72°C for 20 seconds. Finally, the Ct 
values were analyzed by the 2−ΔΔCT method. Of note, all 
reactions were considered in triplicates. β-actin was used 

Table 1. Primer sequences used in the present study

Primer name Forward/ Reverse Sequences

P53
F
R

5'-TCTTCCTGCCCACCATCTACTC-3'
5'-TGCAGCCTGTACTTGTCCGTC-3'

β–actin
F
R

5´- TCCCTGGAGAAGAGCTACG -3´
5´- GTAGTTTCGTGGATGCCACA -3´

U6 snRNA Target sequence
5´-GUGCUCGUUCGGCAGCACACAUAUACUAAAAUUGGAACGAUACAGAGAG 
AAGAUUAGCAUGGCCCCUGCGCAAGGAUGACACGCAAAUUCGUGAAGCGU UCCAUAUUUUU-3´

Has-miR-193a-5p Target sequence 5'-UCA UCU CGC CCG CAA AGA CCC A-3'

C. elegans miRNA Target sequence 5'-CGGUACGAUCGCGGCGGGAUAUC-3'
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as a housekeeping gene for mRNA expression analysis, 
while U6 was employed for miR-193a-5p normalization. 
The sequences of primers for P53 are provided in Table 1. 
Primer sets were purchased from Bioneer, Korea.

Flow cytometry assay and DAPI staining for apoptosis 
evaluation
Annexin V/propidium iodide assay was used to assess 
apoptosis analysis. In this way, there were four experiment 
groups comprising control, miR-193a-5p, paclitaxel, and 
combined miR-193a-5p/paclitaxel. The cells were seeded 
at a density of 2 × 105 cells in the 6-well plates for 24 hours 
at 37°C, and the treatments were performed. Twenty-
four hours later, the cultured cells washed with PBS and 
trypsinized by Trypsin/EDTA 2.5%. Then 3 mL complete 
medium was added to the cells and carried over the 1.5 mL 
micro-tubes. Then, those were centrifuged at 1200 rpm for 
5 minutes, and the supernatant was aspirated. Eventually, 
the staining was performed using Annexin V-FITC and 
Propidium Iodide Double Staining Kit (Invitrogen, USA) 
according to the manufacturer’s instruction. The analysis 
was performed using FlowJo software on the BD flow 
cytometry.

Moreover, DAPI (4´6-Diamidino-2-phenylindole) 
staining was applied to apoptosis evaluation. For this 
purpose, 1.5 × 104 of BC cells were seeded into 96-well 
plates. Here, four experiment groups including control, 
miR-193a-5p, paclitaxel, and combined miR-193a-5p/
paclitaxel were considered. After passing the incubation 
time for 24 hours at 37°C, the cells washed by PBS and 
then fixed with 4% paraformaldehyde for 20 minutes. 
After that, the cells were washed with PBS, 0.3% Triton 
X-100 was used to permeabilization for 10 minutes, and 
the cells were incubated for 10 minutes by 10 µg/mL 
DAPI. Eventually, the cells were washed with PBS and 
evaluated by a Cytation Five Cell Imaging Multi-Mode 
Reader (BioTek, VT).

Wound healing assay for migration cells
The wound healing (scratch) assay was conducted for cell 
migration examination. In this way, we firstly seeded 10 × 
104 MDA-MB-231 cells into 24‐well plates. After reaching 

a confluence of 70%, the treatments were conducted in 
four experiment groups including control, miR-193a-
5p, paclitaxel, and combined miR-193a-5p/paclitaxel. 
Twenty-four hours later, a gap was created using sterile 
sampler tip on the cell surface and the detached cells were 
washed using PBS. Migration of the cells to the “wound 
area” was observed and documented at 0, 24, and 48 
hours by an inverted microscope (Optika Microscopes, 
Bergamo, Italy) and the number of the migrated cells were 
computed from multiple microscopic areas.

Statistical analysis
For statistical analysis of the present data, we used 
GraphPad Prism software (GraphPad Prism 4.0, San Diego, 
CA). The statistical significance differences between the 
experimental groups were evaluated by Student’s t and 
ANOVA tests and a P < 0.05 was considered statistically 
significant.

Results
The expression level of miR-193a-5p enhanced in BC 
cells following the miR-193a-5p mimic transfection
To find the effective time and dosage, three designated 
times (24, 48 and 72 hours) and three miRNA doses (5, 7.5 
and 10 nmol) were evaluated. According to the findings, 
5 nmol of miRNA in 24 hours was found to be the most 
effective adjustment (P < 0.0001) (Figure 1) and this 
setting was selected for the rest of examinations. In the 
current study, qRT-PCR indicated that the miR-193a-5p 
mimic transfection resulted in the efficient restoration of 
miR-193a-5p in BC cells.

The cell viability substantially decreased through the 
combination of miR-193a-5p/paclitaxel in BC cells 
To demonstrate the effects of miR-193a-5p and paclitaxel 
on the cell growth or apoptosis in MDA-MB-231 BC cell 
line, the MTT assay was conducted to determine the IC50 
value of paclitaxel (IC50 = 0.77152). Interestingly, here 
it was shown that the replacement of miR-193a-5p in 
combination with paclitaxel led to a remarkable difference 
in cell proliferation. In more details, the present results 
exhibited that the restoration of miR-193a-5p could 

Figure 1. To find the appropriate dosage of transfected miRNA and assessment time, three dosages of 5, 7.5, and 10 nmol (a) and three times intervals of 24, 48, 
72 h (b) were assessed. The results showed that 5 nmol in the 24 h was the most effective dosage in the most effective time (P < 0.0001). The data represent mean 
± SD (n = 3), **** P < 0.0001. 



Khordadmehr et al

Advanced Pharmaceutical Bulletin, 2020, Volume 10, Issue 4598

diminish the IC50 rate of paclitaxel (IC50 = 0.2498) in BC 
cells (Figure 2). Thus, it was suggested that contemporary 
restoration of miR-193a-5p and application of paclitaxel 
is able to reduce the cell proliferation in BC cells in vitro.

The expression level of P53 significantly altered through 
the combination of miR-193a-5p/paclitaxel in BC cells
To indicate the expression level of P53 after transfection of 
miR-193a-5p mimic in MDA-MB-231 BC cells, qRT-PCR 
was used which demonstrated a considerable decrement 
in the level of P53 compared to the control group (P < 
0.0001) (Figure 3). Of considerable interest, there was a 
marked difference between miR-193a-5p restoration and 
combined miR-193a-5p/paclitaxel groups (P < 0.0001). 
Therefore, it was proposed that miR-193a-5p replacement/
paclitaxel could induce apoptosis in BC cells in vitro.

Restoration of miR-193a-5p in combination with 
paclitaxel could sensitize the BC cells to apoptosis
Annexin V/PI and then DAPI staining assays were used 
to comprehend the impact of miR-193a-5p, paclitaxel and 
combined miR-193a-5p/paclitaxel on apoptosis. The flow 

Figure 2. Effect of miR-193a-5p/paclitaxel on breast cancer MDA-MB-231 cells viability. The cells were adjusted with a different doses of miR-193a-5p, paclitaxel, 
and combination of miR-193a-5p/paclitaxel. Then, cell viability was evaluated by MTT assay. The data represent mean ± SD (n = 3). * P < 0.05; ** P < 0.01; *** 
P < 0.001; **** P < 0.0001.

Figure 3. The effect of miR193-a5-p replacement and paclitaxel on P53 
expression levels in breast cancer MDA-MB231- cells by Q-RT-PCR assay. 
The data represent mean ± SD (n = 3). **** P < 0.0001. 

cytometry test revealed clear differences in apoptosis rates 
after replacement of miR-193a-5p (Figure 4), particularly 
in the combination with paclitaxel (P < 0.0001). In the 
same line, the results of DAPI staining (Figure 5) approved 
the flow cytometry and pointed the significant difference 
in apoptosis rate in the combination of miR-193a-5p/
paclitaxel when compared with other groups (P < 0.0001).

Combination of miR-193a-5p/paclitaxel notably inhibited 
the migration ability of BC cells
As previously described, the scratch test was performed 
to investigate the effect of miR-193a-5p and paclitaxel 
on the motility and migration ability of BC cells. These 
findings represented that miR-193a-5p and paclitaxel 
could strongly repress the migration ability of MDA-
MB-231 cells (P < 0.0001) (Figure 6), particularly when 
the combination of miR-193a-5p/paclitaxel was used.

Discussion
Despite extensive research on cancer in recent years, 
finding an effective cancer treatment remains a concern 
in this subject. Concerning the considerable effects of 
miRNAs in the modulation of essential cell functions, 
those enable forcefully to effect on drug resistance 
mechanisms by repression of special targets especially 
in chemotherapy management, which is considered as 
the most effective cancer therapeutic strategy for various 
common cancers.7,20 In this way, paclitaxel is an extensively 
administrated chemotherapeutic agent, and although, it 
is proposed as a highly effective agent in the treatment 
of BC, a significant percentage of treated patients show 
resistance to paclitaxel therapy.21

In the present work, the concurrent effect of miR-193a-
5p replacement with paclitaxel was evaluated. These 
findings revealed the tumor-suppressive function of miR-
193a-5p in BC cells by targeting P53. The MTT assay 
and DAPI staining data strongly clarified that together 
administration of miR-193a-5p/paclitaxel could be more 
effective in the promotion of apoptosis and also inhibition 
of proliferation. Therefore, the present results suggested 
that miR-193a-5p enable to improve the efficacy of 
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paclitaxel in apoptosis induction through the P53 pathway 
which is mainly involved in programmed cell death. In 
addition, the qRT-PCR assay demonstrated a significantly 
lower expression level of P53 which can strongly approve 
the results of MTT assay and DAPI staining.

Many of the involved miRNAs in BC such as miR-
18a (as an oncomiR), miR-34a and miR-143 (as tumor 
suppressor miRNAs) manage cancer cell growth and 
proliferation by modulating P53 expression and related 
apoptotic pathways.22-24 

Previously, it was indicated that diminished function of 
miR‐ 193a‐3p generated by the sponge impact of Linc00152 
was related to oxaliplatin resistance in colon cancer cells 

through the AKT signaling pathway.25 Likewise, it was 
understood that the miR‐193b overexpression in BC 
cells can raise sensitivity to doxorubicin by Mcl‐1.26 Also, 
convincing evidence indicated that miR‐193b clearly 
augmented the anticancer result of cisplatin by targeting of 
Mcl‐1 in liver cancer.27 Another researchers reported that 
miR-203 overexpression can sensitize paclitaxel-resistant 
colorectal cancer cells to chemotherapy through SIK2 
targeting in vitro.28 In this connection, very recently, it was 
proposed that combination of miR-200c restoration with 
cisplatin is able to induce apoptosis and inhibit migration 
in gastric cancer cells.29 Therefore, the present and recent 
related data augment the important role of miRNAs in the 

Figure 5. DAPI staining for evaluation of apoptosis. MiR-193a-5p restoration increased the apoptosis rate in breast cancer MDA-MB-231 cells particularly to gather 
with paclitaxel. Arrows demonstrate apoptotic cells in different groups. Scale bar = 200 µm. 

Figure 4. The effect of miR-193a-5p restoration and paclitaxel on apoptosis induction in breast cancer MDA-MB-231 cells by flow cytometry assay (Annexin V/PI 
staining) which significantly decreased cell viability. The data represent mean ± SD (n = 3). **** P < 0.0001.
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chemoresistance of cancer cells which may open a new 
insight in the treatment of cancers. 

On the other hand, here, results of the scratch test 
indicated a remarkable reduction in migration ability 
of BC cells subsequent restoration of miR-193a-5p/
paclitaxel. Thus, it was concluded that combined miR-
193a-5p/paclitaxel can sensitize BC cells to chemotherapy. 
Accordingly, increased resistance to carboplatin has been 
reported after upregulation of miR‐193b by directly 
targeting CRIM1 and IFIT2 in ovarian cancer cells.30 

In conclusion, the present results demonstrated the 
important role of miR-193a-5p in the modulation of BC 
cell proliferation, migration and apoptosis. Taken together, 
it was concluded that miR-193a-5p could improve the 
sensitivity of BC cells to paclitaxel through targeting P53, 
and the combined cancer therapy insights can enable the 
improvement of a therapeutic to affect chemotherapy 
response.
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