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Abstract 
 

In recent years, various efforts have been made to improve the functional potency of cancer drugs. Due to 

the fact that microRNA in the cell can act as a tumor inhibitor, it can be used as a suitable treatment for most cancers. 

In this study, chitosan coating is considered a factor that enhances function and effectiveness of microRNAs. MCF-

7 cell line was divided into four experimental groups, including an untreated MCF-7 cell group, MCF-7 cell group 

with miR encapsulated with chitosan, MCF-7 cell group with chitosan, and MCF-7 cell group with doxorubicin as a 

positive control group. The effect of different concentrations of miR-372 was first evaluated, and the optimal dose 

was selected to evaluate the following parameters: the induction of cell death by applying flow cytometry, the cell 

survival by MTT, and the level of P53 protein by immunocytochemistry. The results showed that the dose of 1500 

ng/μl of miR-372 coated with chitosan could induce cell death up to 50% in 24 and 72 hours of treatment. In addition, 

the rate of induction of cell death in the group treated with miR-372 coated with chitosan for 72 hours was statistically 

significant compared with the control group. In addition, the expression level of P53 protein in the same group was 

statistically significant compared with the control group. According to the results, the use of cell proliferation cycle 

regulators such as miR-372 can control the process of proliferation and thus improve the treatment of cancer. 
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Introduction1∗  

     Cancer is mainly caused by mutations in genes 

that are present in the nuclei of all cells in the body. 

Cancer may be benign or malignant (Osborne et al., 

2004). They are similar to the cells of the organism 

from which they originated and have the same DNA 

and RNA, which is why they are not recognized, 

especially if the immune system is weak (Sharma et 

al., 2010). 

     Uncontrolled proliferation of breast cells which is 

mainly caused by inherited mutations in the BRCA1 

and BRCA2 genes (Friedman et al., 2007; 

Bogdanova et al., 2013), accounts for 11% of 

cancers each year and is one of the leading causes of 

death in women (Friedman et al., 2007) and the 

second most common type. Symptoms of breast 

cancer can include as a mass in the breast, deformity 

of the breast skin, and nipple fluid secretion 

(Osborne et al., 2004). Breast cancer is divided into 

two types of carcinoma—lobular or ductal—

depending on the origin (Friedman et al., 2007). 

According to the WHO report in 2020, there were 

2.3 million women diagnosed with breast cancer and 
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685 000 deaths globally. As of the end of 2020, there 

were 7.8 million women alive who were diagnosed 

with breast cancer in the past 5 years, making it the 

world’s most prevalent cancer. 

     Normally, cells undergo apoptosis at the end of 

their life cycle when they are no longer needed by 

the body. Before apoptosis, they are protected by 

various pathways and proteins. These pathways 

include AKT/PI3K and RAS/MEK/ERK. 

Sometimes genes related to these pathways mutate 

and cause permanent activation of these pathways, 

leading to continuous cell division and cell 

proliferation. Normally, the PTEN protein is 

responsible for silencing the PI3K/AKT pathway 

during cell apoptosis (Majeed et al., 2014). 

     Breast cancer treatment strategies include: 

hormone therapy that reduces hormone-sensitive 

cancer cells by inhibiting the production of estrogen 

and progesterone by the ovaries in the body as well 

as inhibiting the hormonal function (Dunnwald et. 

al., 2007); Auxiliary therapy for prevention after 

surgical treatment and may include radiotherapy, 

chemotherapy, and hormone therapy (Burstein et. 

al., 2010;  Regan et. al., 2011) Immunotherapy, 
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which includes the use of monoclonal antibodies and 

vaccines (Ascierto et. al., 2012;  Soliman et. al., 

2013); Nano-medicine in the treatment of breast 

cancer in which doxorubicin was delivered into 

cancer cells using pH-sensitive liposomes and 

estrone as a biological ligand (Paliwal et. al., 2012); 

nanotherapy-based miRs in which some miR 

inhibitors are used as therapeutic drugs in the 

treatment of breast cancer (Zhang et. al., 2016). 

     The role of the disorder in the regulation of miRs 

in breast cancer was first reported in 2005 and has 

been followed by numerous studies showing 

changes in miRs in breast cancer (Iorio et. al., 2005). 

The decrease of miR-372, which is a member of the 

miR family in the breast cancer cell, causes 

significant inhibition of cell proliferation and 

cessation of the cell cycle in the G1-S phase and the 

increase of apoptotic cancer cells (Cheng et. al., 

2018). Nanoparticles improve the delivery of miR 

agents in vivo, protect their charge and increase 

target specificity (Velpurisiva et. al., 2017). 

In recent years, new drug delivery systems have 

received much attention. Polysaccharide is a natural 

linear compound that is mainly produced by alkaline 

distillation of chitin (Elieh-Ali-Komi et. al., 2016). 

Polymeric drug delivery systems are very diverse. 

Degradable polymers are suitable options for 

transporting drugs, macromolecules and enzymes. 

The Carbohydrate polymer chitosan is considered 

one of the most desirable polymers in the preparation 

of drug delivery systems due to its properties such as 

biocompatibility, and biodegradability. Chitosan can 

increase the absorption of insoluble drugs. The 

presence of amine groups in chitosan allows the 

creation of transverse connections in the nanosystem 

network. Chitosan-based nanoparticles can inhibit 

tumor cell growth by inducing apoptosis due to their 

high permeability and cell persistence (Majeed et. 

al., 2014). 

     In the present study, we investigated the 

induction of apoptosis in MCF-7 cells by 

encapsulating miR-372 in chitosan and determining 

its effective dose for inducing apoptosis and 

increasing P53 expression. 

 

Materials and Methods 

Cell culture 

     The MCF-7 cells were purchased from the 

Pasteur Institute. Cells (10000 cells/cm3) were 

cultured in RPMI culture medium containing 10% 

bovine fetal serum and the antibiotics penicillin and 

streptomycin in 96-well plates. )Temperature 37  °C 

and 5% CO2). After 24 and 72 hours of treatment 

with MRNC, 100 μl of MTT stock was added to each 

well with a final concentration of 0.5  mg/ml. After 

three hours of incubation, formazan blue precipitate 

was observed. Then, 100 μl DMSO solvent was 

added to each well to dissolve Formazan crystals and 

the solution of each well was absorbed by the ELISA 

reader applying 570 nm. 

Preparation of miR-372 

     The sequence was designed using the 

datamiRbase site and synthesized by the Pishgaman 

Company. 

Preparation of mRNC (miR-372 Nanoparticle 

Chitosan) 

     The required amount of chitosan was added to 25 

cc of 2% acetic acid and after 12 hours of stirring, 

the prepared miR-372 solution was added dropwise 

at 37 ° C and stirred for one hour. In the next step, 

25 cc of TTP 0.4 % weight-volume was added 

dropwise to the above solution at 4 °C and stirred for 

one hour and centrifuged at 4500 rpm. This step was 

repeated several times with the addition of deionized 

water to keep the pH of the solution neutral. 

The experiments were performed on four cell groups 

of the MCF-7 cell line based on the following 

treatments: 

1-The first group of MCF-7 cells without any 

treatment (Control) 

2-The second group of MCF-7 cells was treated with 

mRNC (miR-372) 

3-The third group of MCF-7 cells was treated with 

chitosan (Sham) 

4-The fourth group of MCF-7 cells waswere treated 

with Doxorobicin as positive control group (Dox) 

Evaluation of the effect of mRNC on apoptosis 

using flow cytometry 

     Cells were cultured at a density of 10,000 

cells/cm3. After reaching logarithmic growth, one 

group of cells was treated with mRNC for 24 hours 

and the other group was treated with mRNC for 72 

hours. One group was considered a control. Then, 1 

cc of 100x stock containing annexin and PI was 

added so that their final concentrations were 0.25 

and 0.1 micromolar, respectively, and then apoptosis 

was determined by flow cytometry.  

Evaluation of P53 gene expression by fluorescent 

method 

     The cell suspension was cultured on a gelatin 

slide. After 24 hours, it was washed with PBS and 
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fixed for 20 minutes with paraformaldehyde at 4% at 

room emperature. The samples were then treated for 

72 hours on 24-plate plates using special p53 

antibodies. The percentage of p53 expression was 

examined by an inverse fluorescence microscope. 

The results were plotted using quantitative Image J 

software and the resulting pattern in PRISM5. 

Information analysis method 

In order to analyze the data, SPSS software version 

23 and descriptive and inferential statistics were 

used, and in order to analyze the data, One-way 

ANOVA was used. The values p < 0.05, p < 0.01, p 

< 0.001 were considered meaningful. 

 

Result and Discussion 

     In this part of the study, to evaluate the effective 

dose of mRNC on the rate of induction of apoptosis, 

MCF-7 cells were treated with different 

concentrations of 500, 1000, 1500 and 2000 ng/μl of 

mRNC and then the level of apoptosis in these cells 

was assessed after 24 and 72 hours. The results 

showed that after 24 and 72 hours, the dose of 500 

ng/μl had a higher survival rate than other 

concentrations. In addition, the results showed that 

the dose of 2000 ng/μl had the highest induction of 

apoptosis. However, the concentration of 1500 ng/μl 

similar to doxorubicin, a known effective treatment 

in this regard, could lead to a significant reduction in 

the induction of apoptosis. Thus, according to 

figures 1 and 2, the results were shown. Comparison 

of the results of two time periods of 24 and 72 hours 

showed that although the effect of these 

concentrations on the induction of apoptosis was 

parallel, but at 72 hours a stronger induction effect 

was observed. The results show that with increasing 

concentration, the rate of apoptosis increased. 

Since the concentration of 1500 ng/μl was similar to 

that doxorubicin in inducing apoptosis in half of the 

cells IC50, this dose was evaluated as the optimal 

dose. After 24 hours, the concentration of 1500 ng/μl 

resulted in a significant decrease (p < 0.05) 

compared to the control group. In addition, this 

concentration was not significantly different from 

doxorubicin as shown in figure 3. 

 

 
Figure 1. Evaluation of the rate of induction of 

apoptosis after 24 hours of treatment with mRNC (*** 

p < 0.001, **p < 0.01, * p < 0.05). 

 

 
Figure 2. Evaluation of the rate of induction of 

apoptosis after 72 hours of treatment with chitosan-

coated miR-372 (*** p <0.001, **p <0.01, * p <0.05). 
 

 
Figure 3. Evaluation of the rate of induction of 
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apoptosis after 24 hours of treatment of MCF-7 cells 

with miR-372 coated with chitosan at a concentration 

of 1500 ng/μl by MTT method (*** p < 0.001, **p < 

0.01, *p < 0.05). 
 

After 72 hours, flow cytometry results showed that 

this concentration was able to induce general 

apoptosis in MCF-7 cells, so that the highest number 

of apoptotic cells was observed in the second 

quarter, which were stained with PI \ Annexin 

according to figures 4 and 5. 

 

 
Figure 4. Evaluation of induction of apoptosis by flow 

cytometry and results of Annexin V-PI staining in 

MCF-7 cells 72 hours after treatment with miR-372 

coated with chitosan at a concentration of 1500 ng/μl. 

As shown in the figure, the cells of the control group 

with a total apoptosis of 0.21 ± 1.76 were placed in the 

4th quarter, which indicates healthy cells that were not 

stained with PI -V Annexin dyes. In the sham group, 

the rate of apoptosis was 4.71. ±0.40, which did not 

show a significant difference with the control group, 

which indicates that the cells in this group are healthy. 

In the chitosan-coated miR-372 treatment group, a 

significant population of cells was in the third quadrant, 

indicating that they were stained with PI -V Annexin, 

resulting in apoptosis. The rate is 38.15 ± 3.77 and in 

the doxorubicin treatment group the rate of apoptosis 

was 78.07 ± 0.92 which indicated the induction of 

apoptosis in these two treatment groups which showed 

a statistically significant difference (p < 0.001). 
 

 
Figure 5. Evaluation of the rate of induction of 

apoptosis after 72 hours of treatment with miR-372 

coated with chitosan at a concentration of 1500 ng/μl 

by flowcytometry. The rate of total apoptosis is 

obtained from the sum of primary and delayed 

apoptosis in the second and third quarters. (*** p < 

0.001, **p < 0.01, * p < 0.05). 
 

The P53 gene is a tumor suppressor gene that 

inhibits cancer by increasing the rate of apoptosis. 

DAPI is a fluorescent dye that stains DNA and the 

nucleus of a cell and shows healthy and unhealthy 

cell nuclei in blue. Image integrated p53 DAPI 

staining shows cells with apoptosis. The results of 

fluorescent microscopy showed that the expression 

of this protein in cells treated with mRNC at a dose 

of 1500 ng / μl was significantly increased compared 

to the control group according to figures 6 and 7. 
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Figure 6. Evaluation of p53 protein expression in MCF-7 cells treated with miR-372 coated with chitosan, doxorubicin 

and the control groups for 72 hours by ICC method.  As shown in the FITC filter images, the expression of p53 protein 

in chitosan and doxorubicin-coated miR-372-treated cells was significantly increased compared to the control and 

sham groups, which could be Indicates the induction of apoptosis in these cells by increasing the expression of p53 by 

treatment with miR-372 and doxorubicin. This image was used to examine the percentage of apoptotic cells using 

Image J software. Images were presented semi-quantitatively. Image magnification is ×400. 

 
Figure 7. Evaluation of P53 protein expression in 

MCF-7 cells after 72 hours of treatment with chitosan-

coated miR-372 at a concentration of 1500 ng/μl by 

immunocytochemistry. Protein expression was 

presented as a percentage of positive cells that were 

counted relative to the nucleus of all cells. Semi-

quantitative results were presented in the form of 

graphs which were reported as mean and standard 

deviation. (*** p < 0.001, **p < 0.01, * p < 0.05). 

 

 

Discussion 

     Breast cancer is the most common malignancy in 

women worldwide and can be treated in 70-80% of 

patients with premature and non-metastatic diseases, 

so it is important to suggest new treatment 

mechanisms or improve existing methods. The miRs 

have been reported to play an important role in the 

onset and progression of breast cancer (Cai et. al., 

2013; Krell et. al., 2012). The miR-372 is also a type 

of miRNA that regulates apoptotic cell proliferation, 

migration, and invasion in many human cancers, and 

may play an oncogenic or suppressive role in various 

human cells (Zhao et. al., 2017). Despite the 

important role of miR in the treatment of cancer, 

there are challenges in the treatment of miR in vivo. 
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The basis of these therapies includes the stability of 

cellular uptake of non-target immunogenic effects 

and the degree of toxicity. As a result, appropriate 

delivery systems for the miRs must be established. 

Among the non-viral gene transfer systems used, 

chitosan is a very promising non-viral carrier for 

nucleic acid-based therapies. Chitosan is a 

biodegradable and low-immunity biopolymer 

(Özbaş-Turan et. al., 2011; Akbuğa et. al., 2004). In 

this study, chitosan was used to cover miR-372 to 

investigate its anti-cancer effect on MCF-7 cells. Its 

effect can be a hope for the production and 

improvement of systemic methods of breast cancer 

treatment. Normally, chemotherapy drugs are able to 

prevent the process of proliferation and stop the 

mitotic cycle in these cells, so in this study, 

doxorubicin was used as a sample of the commercial 

drug as a positive control. Tumor cells with a 

concentration of 2000 ng/μl of the drug Doxorubicin 

was treated and cell survival was assessed after 24 to 

72 hours using flow cytometry. The results showed 

that doxorubicin was able to kill 50% of cancer cells 

in 24 and 72 hours. Probably, the drug could have 

caused cell death by the mechanism of cell 

membrane cleavage and DNA cleavage by binding 

between DNA pairs and preventing the formation of 

ester bonds. The results showed that up to 75% of 

the drug could induce apoptosis, which may have 

been effective on genes in the apoptosis signaling 

pathway in cancer cells and increased the expression 

of these genes. In addition, p53 protein expression 

was investigated as a mechanism involved in tumor 

induction. For this purpose, cancer cells were treated 

with a concentration of 2000 ng/μl of doxorubicin 

and after 72 hours, p53 expression was measured 

using a fluorescent inverted microscope, which 

showed a 70% increase in p53 expression. In the 

continuation of the study, was used of m RNC.  In 

this part of the study, cancer cells were treated with 

doses of 500, 1000, 1500 and 2000 ng/μl of mRNC 

and apoptosis was assessed for 24 and 72 hours. 

Based on the results obtained dose of 1500 and 2000 

ng/μl could induce apoptosis in up to 50% of cells 

that this rate has been more effective over time, i.e., 

72-hour treatments showed more induction of 

apoptosis. In addition, according to this study, the 

use of higher doses of mRNC has a greater effect on 

the induction of apoptosis than lower doses. In 

addition, in the induction of apoptosis section, the 

flow cytometry results showed that 40% of the cells 

underwent apoptosis after 72 hours of treatment with 

1500 mg/μl mRNC, which was observed by 

increasing the expression of p53 by 40% compared 

to the control group. According to the results of this 

study, it was found that controlling the expression of 

upstream genes responsible for cell proliferation and 

inhibiting proteins using regulatory molecules can 

affect cell growth and development and increase the 

likelihood of cancer cells. 
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