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Abstract

Background: Breast cancer treatment has always been an important challenge in medicine. Recent studies have revealed the 
importance of microRNAs miR-99b-5p and miR-100-5p in breast cancer treatment. Moreover, however not fully understood, 
the impact of exosomal microRNAs in human cancer progress or inhibition has been highlighted yet. The present study aimed 
to investigate the effects of one of the most prescribed drugs in breast cancer chemotherapy, tamoxifen, on expression level of 
miR-99b- 5p, miR-100-5p and also mTOR gene in MCF-7 cell lines.
Methods: MCF-7 cells were treated with 30 µM tamoxifen while being in a 70% surface density, then the expression level of 
mentioned microRNAs and mTOR gene were investigated in RNA extracts of the cells and their exosomes.
Results: Results indicated the presence of a significant increase (P <0.01) in both miR-99b-5p and miR- 100-5p expression 
levels in cell lines following tamoxifen treatment. Also, the evaluation of mTOR gene expression in the same cells after 
treatment with tamoxifen showed significant (P <0.05) expression reduction.
Conclusions: Interestingly, the decrease in mTOR expression level was completely consistent with increase in the expression 
of exosomal microRNAs level, which seems to be reasonable considering the targeting of the mTOR gene by the two mentioned 
microRNAs. The results of this study suggest that the therapeutic effects of tamoxifen on breast cancer cells, can be justified 
not only by its direct effect on cancer cells, but also by indirect impact on elements like microRNAs expression.
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Introduction

Breast cancer, the most common cancer among women 
and the second leading cause of cancer associated death 
in world among women population, has always been one 

of the most serious challenges in medicine from disease 
diagnosis and treatment point of view [1]. The incidence and 
mortality caused by breast cancer have increased over the 
past three decades due to changes in the risk factors and also 
improvements in disease diagnosis. In 2020, more than two 
million new cases of breast cancer have been reported in the 
world [2].
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In recent years, the increasing incidence pattern of this 
cancer has attracted attention in world and correspondingly 
in Iran [3]. Thus, progress and development of its treatment 
measures seems to have become a major necessity in recent 
years. In this regard, microRNAs (endogenous non-coding 
small RNA molecules) are one the most precious tools in 
molecular studies related to cancer treatment. It has been 
reported that the modification in quality and quantity of 
circulating miRNAs in patients is completely related to 
the initiation and progression of human cancer, and thus 
detection of which can help cancer therapy [4]. Despite their 
prediction and diagnostic value in human cancers [5,6], 
the importance of some microRNAs in the treatment of 
human cancers like breast cancer has been highlighted yet 
[7,8]. Also, it has been shown that microRNAs interact with 
chemotherapy drugs [9-11].

From this point of view, understanding the precise and 
detailed crosstalk between chemotherapy methods and 
microRNAs function may provide more efficient methods 
in breast cancer treatment. In recent years, in addition to 
the reports of modification in miR-99-5P and miR-100-5p 
expression levels in some human cancers like prostate and 
colon cancers, their vital role in proliferation, migration 
and invasion of tumors has been highlighted as well as their 
tumor suppressor role [12-14]. The issue that makes them a 
great choice for cancer therapy research.

Moreover, based on previous research, studying the 
effects of cancer treatment methods on mTOR (Mammalian 
Target of Rapamycin) gene expression have increased the 
current knowledge about chemical drugs’ mode of effect 
in cancer cells. It has already been demonstrated that the 
mTOR gene regulates cell proliferation, autophagy and 
apoptosis by participating in multiple signaling pathways in 
the body [15]. Thus, it is associated with cancer and tumor 
metabolism. Therefore, the mTOR signaling pathway has 
become a great target in anti -tumor treatment researches 
[16]. In recent years, a variety of newly discovered mTOR 
inhibitors have undergone clinical studies to help cancer 
progress prevention. As of today, mTOR gene is used as a 
favorable biomarker in breast cancer response to chemical 
drugs [17].

On the other hand, nowadays, tamoxifen, which interferes 
in receptors and inhibitors of estrogen in breast cancer cells, 
is considered as a gold standard treatment for millions of 
breast cancer patients across the world. As a hydrophobic 
anticancer agent and a selective estrogen modulator, 
tamoxifen has FDA approval to be used for hormone therapy 
of breast cancer [18]. Also, the World Health Organization 
has announced it as an essential drug needed for cancer 
treatment [19]. Thus, it goes without saying that tamoxifen 
as a frequently prescribed anticancer drug [20] is one the 

most efficient compounds against breast cancer even as 
complementary option alongside other treatment methods 
[21].

In context of beneficial elements for breast cancer 
treatment monitoring, exosomes are one the most helpful 
components that serve medicine. Exosomes as beneficial 
nano-vesicles in cellular communication, exist and are 
constantly moving in the blood, saliva, urine and some 
other body fluids and play an important role in intra-and 
intercellular communication and physiological events 
such as removing harmful or damaged cell components or 
stimulating immune cells [22,23]. Exosomes are proven to 
play an important role in cancer cells [24-26]. Moreover, 
they are considered as reliable biomarkers of cancer 
progression and are helpful elements in cancer behavior 
prediction. As an important components of exosomes, the 
exosomal microRNAs are reported to help monitoring the 
cancer behavior [27,28] and one of the most interesting 
observations that has attracted the attention of researchers 
is exosomal microRNAs benefits in monitoring the cancer 
patient’s response to chemical drugs [29].

In line with mentioned relationship between 
modification of miR-99-5P and miR-100-5p expression 
levels in cancers, also the presence of reports regarding the 
oncogenic function of mTOR gene in some human cancers 
[15], we aimed to investigate if tamoxifen treatment as one 
of the most common drugs in breast cancer chemotherapy 
induces any modification in expression level of miR-99-5P, 
miR-100-5p and their target mTOR gene, and also if this drug 
can modify exosome secreted microRNAs level in MCF-7 cell 
lines.

Materials and Methods

Cell Lines

MCF-7 cell lines obtained from Pasteur Institute of Iran 
were cultured in DMEM containing 10% fetal bovine serum 
(FBS), 2 mM L-Glutamine, 100 ugr/ml Streptomycin and 
100 u/ml penicillin then were maintained in 37°C and 5% 
Co2. Cells passage from this source was performed several 
times using PBS and Trypsin to prepare needed cell lines for 
experiments.

MTT Assay

In order to cell survival evaluation of MCF-7 cells, 
tamoxifen treatment as doses of 10 to 40 µM were performed 
before MTT assay. In brief, cultured cells in their 80% density 
were treated with Trypsin and centrifuged 12000 rpm for 5 
minutes, then the pellet (containing cells) was resolved in 
DMEM and 200 μl of them were transferred to each well of 96-
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well plates. After a short incubation in 37°C and 5% Co2 for 5 
minutes, an increasing concentration of tamoxifen was added 
to wells. Then 20 μl of MTT (5 mg/ml in PBS) were added and 
incubated in 37°C and 5% Co2 for 30 minutes. Finally, the 
liquid was removed and 200 μl DMSO were added into wells. 
Samples absorbance were measured in 490 nm wavelength in 
96- well plates. The IC50 obtained from this experiment was 
used for the main experiment described below.

Cells Treatment with Tamoxifen

In order to perform the main experiment of tamoxifen 
effects on mentioned genes and microRNA expression level, 
MCF-7 cells in 70% density were treated with 30 μM tamoxifen 
Sigma-Aldrich (equal to IC50 from MTT assay result) while 
being in 12 well plates. Then, treated cells were incubated at 
37°C for growth. Exosomes and RNA were isolated from these 
cell lines as explained in the following sections.

RNA Extraction, cDNA Synthesis and Real-Time 
PCR

In order to determine the expression level of mTOR gene 
in cell lines and miR-99b-5p and miR-100-5p in cell lines 
and exosome samples, total RNA extraction from samples 
was performed using TRIzol® reagent. In brief, MCF-7 cell 
lines were centrifuged and 50 μl TRIzol were added to the 
pellets and incubated for lysis process. The same TRIzol 
treatment process was done for exosomes suspension. Then, 
after 15 μl chloroform addition, vortex, incubation in room 
temperature for 2-3 minutes, and centrifuge at 12000 g for 
10 minutes, the extracted RNA was collected from upper 
phase of supernatant. Finally, the RNA was precipitated with 
the same volume of isopropanol, then washed with ethanol 
and dried and resolved in 30 μl water. After extracting total 
RNA, its quality and quantity evaluation were assessed using 
Nanodrop. To do this, the samples absorbance was measured 
in 260 and 280 nm wavelength using NanoDrop® ND-1000 
(NanoDrop Technologies, Wilmington, DE, USA).

Then, the cDNA synthesis was performed using miRNA 
Reverse Transcription Kit after polyadenylation reaction. 

In brief, polyadenylation of 5 μg extracted RNA (miRNA) 
was performed using ATP (10mM) and polyA polemerase 
enzyme in 37°C for 10 minutes. Then, oligo dT was added 
and incubated in 65°C for 5 minutes. Finally, cDNA synthesis 
process was performed adding 5x Reaction buffer, DTT, 
Ribolock RNase, dNTP, RTase rxn buffer 10x and Hyperscript 
RTase enzyme. The final 20 μl was incubated in 42°C for 30 
minutes, then in 25°C for 5 minutes. Then inactivation of RT 
enzyme followed in 70°C for 5 minutes.

At the same time, for cDNA synthesis from extracted 
mRNA, 30 minutes incubation at 37°C with DNAseI treatment 
was followed to remove possible DNA impurities from 1-2 
µg RNA. Then, DNAseI was removed using 1 μl EDTA and 
incubation in 65°C for 10 minutes. Then, oligo dT addition 
was followed like the same for miRNA. Finally, cDNA synthesis 
process was done using 5x Reaction buffer, Ribo lock RNase, 
dNTP and RevertAid M-MuLV RT in 42°C for 60 minutes, 
then in 25°C for 5 minutes. A similar heat inactivation of RT 
enzyme followed in 70°C for 5 minutes as final step.

Finally, the expression level of mTOR and mentioned 
microRNAs were determined using Real-time PCR, and results 
were compared to the reference genes including GAPDH and 
U6snRNA. In brief, SYBR Green I Master mix kit was used to 
evaluate gene expression of 5ng cDNA samples loaded into 
48 well Microamp, Applied Biosystema, Singapore plates, 
including 10 μl master mix, primers and water. The qPCR was 
performed in 40 temperature cycles of 95°C for 5 seconds 
denaturation step, 62-65°C for 20 seconds binding step, and 
72°C for 30 seconds as extension step. Finally, ABI step one 
Real-Time PCR Software v2.0.2 (Applied Biosystems,UK) was 
used to analyze the data with Comparative Threshold Cycle 
method.

Results

MTT Assay Result

The results of MTT assay showed that half of the MCF-
7 cells were alive after tamoxifen treatment in 30 µM 
concentration; IC50=30 µM (Figure 1).

Figure 1: MTT Assay Result. IC50 of Tamoxifen is Found to be 30 µM.
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Bioinformatics and Statistical Analysis

The bioinformatics studies were also conducted to 
determine the chromosomal position of miR-99b-5p and 
miR-100-5p and mTOR (GeneCards database) and also 
to confirm the suppressor effect of microRNAs on mTOR 
(miRTargetLink database), augmented with investigation of 
microRNA Response Element (MRE) network (TargetScan 
database) and mTOR expression in various tissues (UCSC 
database). Meanwhile, two-sided paired student’s t-test was 
used to compare the average of expression level between 
control and treated cell lines. The SPSS software was used 
to analyze the data and P value was considered P<0.05 to 
determine statistically significant difference in results.

Bioinformatics Analysis

The genomic location studies (Chromosomal position 
and MRE network( were performed through https://www.
genecards.org/ (The human gene database) showed, as 

presented in Figure 2, miR-99-5p and miR-100-5p are 
located in long arm of Chr 19 and 11 respectively (Red 
bands). mTOR belongs to the short arm on Chr 1. Meanwhile, 
bioinformatics investigation in https://genome.ucsc.edu/ 
(Genome bowser tool) for mTOR expression in tissues 
showed different expression level of mTOR gene in various 
tissues and organs including breast in human body. As shown 
in Figure 3, mTOR is highly expressed in testis and brain. 
Further bioinformatics analysis in https://ccb-compute.
cs.uni- saarland.de/mirtargetlink2 (MicroRNA target tool) 
showed that several microRNAs can target mTOR gene 
(Figure 4). Eleven microRNAs are shown and among them 
the microRNAs, miR-99-5p, miR-100-5p, (used in this study) 
can be found. This result confirms the mTOR suppressor role 
of mentioned microRNAs. Meanwhile, the results of MRE 
investigation (by TargetScanH; prediction of microRNAs 
target tool) confirmed the presence of a common target 
sequence on 3’UTR region of mTOR gene for miR- 99-5p, 
miR-100-5p (Figure 5).

Figure 2: Genomic View of miR-99-5p, miR-100-5p and mTOR in Human Genome.
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Figure 3: mTOR Expression Pattern in Different Organs and Tissues.

Figure 4: mTOR is the Direct Target of Mentioned microRNAs.
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Figure 5: Consequential Pairing of Target Region on mTOR.

mTOR and MicroRNAs’ Gene Expression 
Modification

The results of the Real-Time PCR indicated a significant (P 
<0.01) increase in miR-99B-5P and miR-100- 5p expression 
levels (2.79 and 2.43 folds compared to the non-treat cells as 
control, respectively) following tamoxifen treatment (Figure 
6). Evaluation of mTOR gene expression in the same cells 

after treatment with tamoxifen showed significant (P <0.05) 
expression reduction (0.63-fold compared to control) (Figure 
6). Interestingly, the decrease in mTOR expression level was 
completely consistent with increase in the expression of 
exosomal microRNAs level. It should be noted that the Melt 
Curve Analysis showed the presence of a single specific 
distinct peak in Real-time PCR products (Figure 7).

Figure 6: Increased Expression Level of miR-99B-5P and miR-100-5p and Decreased mTOR Expression Level in Tamoxifen 
Treated Cells.

Figure 7: Melt Curve Analysis. A Single Distinct Peak in Real-Time PCR Products Shows Pure Specific Amplicon and Ensures 
that only the Real Target is Amplified.

https://medwinpublishers.com/CPRJ


Clinical Pathology & Research Journal
7

Faraji G. Tamoxifen Induced Down Regulation of mTOR and UP Regulation of Exosomal miR-99b-5p 
and miR-100-5p in mcf-7 Breast Cancer Cells. Clin Pathol 2024, 8(1): 000193.

Copyright©  Faraji G.

Discussion

As the most common cancer among women, breast 
cancer is one of the most important challenges in medicine 
[1]. Successful treatment has always been a vital aim and thus 
various research has been performed to improve its treatment. 
As consequence, several therapy methods have been applied to 
treat breast cancer like surgery, chemotherapy, radiotherapy 
and immunotherapy [30-33]. Among the mentioned methods 
chemotherapy seems to be the most effective and sometimes 
indispensable part of treatment [34]. Among the recently 
recommended drugs, tamoxifen is a well-known compound 
and as a non-steroidal anti-estrogenic compound with poor 
estrogenic effect is known as “gold standard” treatment for 
breast cancer. Tamoxifen inhibits estradiol and estrogen and 
thus breast cancer improvement, since estrogen feeds breast 
cancer cells. Although tamoxifen is not devoid of side effects, 
it is widely used as a complementary and efficient treatment 
method in breast cancer treatment [18,21].

Along with chemical treatment, molecular research 
has always been ongoing to develop highly efficient 
treatment methods in breast cancer treatment. In this 
regard microRNAs and exosomal microRNAs have attracted 
attention. MicroRNAs regulate many physiological 
processes of the human body, including the regulation of 
gene expression. They play a prominent role in proliferation, 
differentiation and cellular death as well as cancer-related 
processes such as metastasis [4,35,36]. Reports indicate 
that breast cancer is affected by the expression of some 
microRNAs. Therefore, the investigation of their functions 
is of particular importance in diagnosing and treatment of 
breast cancer [7,37]. Recent studies have shown the impact 
of two microRNAs, miR-99b-5p and miR-100-5p in several 
human cancers [12-14]. Since less is known about miR-
99b-5p and miR-100-5p influence from anti-breast cancer 
drugs like tamoxifen, we investigated their modification in 
breast cancer cell lines. In fact, we aimed to examine how 
tamoxifen treatment modifies the expression level of two 
mentioned microRNAs and also their target gene, mTOR 
in treated cell lines. It should be noted that the microRNAs 
were isolated from both cells and exosomes secreted by 
them. The reason why mTOR was investigated in this study 
was its expression role in different cancers (metastasis and 
tumor growth) and importance as a target in cancer therapy. 
In fact, the relationship between mTOR expression and 
predictions of different types of breast cancer is obvious. 
The different expression pattern of mTOR gene in healthy 
individuals and cancer patients, also its modification before 
and after treatment with anti-cancer drugs have attracted 
attentions [38,39].

In overall view, the results of current study showed 
a meaningful modification in expression level of mTOR 

gene and miR-99b-5p and miR-100-5p in cell MCF-7 lines 
after tamoxifen treatment. To dive into more details, it 
should be noted that our bioinformatics studies confirmed 
the targeting of the mTOR gene by the two mentioned 
microRNAs. Also, a clear common target sequence on 
3’UTR region of mTOR gene for miR-99-5p, miR-100-5p 
was recorded.

Moreover, results showed that the Tamoxifen treatment 
significantly (P <0.01) increased the expression level of miR-
99b-5p and miR-100-5p in MCF-7 cancer cells. Also, results 
indicated a significant (p <0.05) decrease in mTOR gene 
expression in cell lines as well. One step further, our studies 
indicated the same results of microRNAs expression increase 
in exosomes secreted from cell lines. Our results suggest 
that tamoxifen treatment not only has a direct effect on the 
cancer cells, but also is capable of inducing indirect effects on 
breast cancer by expression changes in exosomal microRNAs. 
Meanwhile, the decrease in mTOR gene expression and its 
reverse relationship with increased microRNA expression 
level seems quite reasonable. The results of this study clearly 
confirm the therapeutic effects of tamoxifen on cancer 
microenvironment. In other words, exosomes secreted by 
cancer cells are capable of trafficking their inside elements 
like microRNAs to the tumor microenvironment and can 
induce anticancer effects.

It should be noted that the results of the present study 
confirm previous reports regarding mTOR and miR-99-
5p, miR-100-5p significance in cancer treatment. Earlier, 
a relationship between decrease in mTOR gene expression 
and higher miR-100-5p activity in prostate cancer was 
reported [14]. Also, it has been reported that miR-99-5p 
inhibits mTOR gene expression and affects colon cancer 
[12]. Another similar study has recently indicated that the 
decrease in mTOR gene expression increases the success 
possibility of a breast cancer treatment [40].

Finally, in recent years, the increasing trend of breast 
cancer incidence has been recorded in the world. Despite 
the presence of several ways to prevent, screen, diagnose 
and treat, a great potential of treatment seems to be 
neglected in molecular area. MicroRNAs and exosomal 
microRNAs for their vital role in physiological events have 
shown promising horizon in fight with breast cancer. The 
result of present study indicates the importance of miR-
99-5p, miR-100-5p secreted from cells and exosomes in 
mTOR gene expression modification and their influence 
from chemotherapy with tamoxifen. Authors hope that 
this report will provide more detailed information not 
only about tamoxifen mode of action, but also regarding 
the exosomal microRNAs significance in breast cancer 
treatment.
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Future Prospective

Since the importance of breast cancer treatment and 
mentioned history of previous research, it is recommended 
that some further experiments should be designed and 
performed to shed light on the unknowns of the area and 
increase the knowledge in the field. In this regard, authors 
suggest the investigation of other mTOR targeting microRNAs 
activity after treatment with chemical compounds. Also, it is 
highly recommended to study the gene expression in protein 
level for mTOR and other genes down- and upstream of its 
signaling pathway. Such experiments, especially in animal 
models can improve the current knowledge and may open 
new windows and promising road ahead of breast cancer 
treatment.
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