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Introduction: Failure and recurrence in breast cancer treatment cause a great obstacle in cancer therapy and 
identification of cell population named cancer stem cells (CSCs) in the tumor can be led us to define it as target 
in novel therapeutic strategy. 
Objectives: The aim of this study is the finding of correlation between stemness and metastatic characteristic, also 
knowing CSCs as a potential target of therapy because of its developmental behavior and similarities with normal 
stem cells. 
Materials and Methods: Here, we focus on the expression of NANOG in breast CSCs, a key molecule in the 
physiological process of stem cells and the Let-7a that is involved in the differentiation of the cells. 
Results: In this work, we found that NANOG was highly expressed in SKBR3 and down-regulation of let-7a, as a 
differentiation miRNA, was found in MDA-MB-468 cells. 
Conclusion: It will be critical for the developing of effective anti-tumor drugs, utilizing mentioned concepts.  
Inhibition of NANOG in combination with Let-7a up-regulation can help to decrease the stemness and increase 
the differentiation of CSCs. The decrease of stemness and increase of differentiation initiate the apoptotic process. 
So, modification in  the mechanism of apoptosis beside anti-cancer drugs provide a good preclinical study goal. 
However, in order to these drugs become clinical, the problems of their side effects and  toxicity must be solved.  
Differentiation of CSCs provides an optimal condition to activity of immune cells which never let them escape 
from immune cells by alteration of immunogenicity.
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Introduction
One of the most prevalent malignancies 
among US females is breast cancer (BC) 
and also it is as the 2nd cause of cancer-
associated deaths in the world (1). That is 
a heterogeneous disease, associated with 
distinctive histological patterns and different 
biological features and clinical behaviors (2). 
BC has several intrinsic molecular subtypes 
that were classified into; luminal A, luminal 
B, human epidermal growth factor receptor 
2 overexpressing (HER2-OE), and basal-
like tumors. These subtypes show highly 
differences in prediction of overall survival 
and response to therapy (3,4). However, the 
relapse and high rate of mortality remain as 
big problems a few years later after therapy. 

Key point 

In this study we evaluate the expression of the NANOG 
and Let-7a in the breast cancer cell lines. SKBR3 cells 
express a high level of NANOG and low level of Let-7a. 
So, the inhibition of NANOG and increasing the Let-7a 
expression can reduce the stemness in breast cancer and 
helps to improve the breast cancer therapy.

The failure and recurrence in BC treatment 
is due to presence of cell population which 
are resistant to therapy and metastasize to 
distant organs. This population displays stem 
cell properties.

The origin of breast cancer stem cells (CSCs) 
is the mammary multipotent stem cells with 
genetic defects that affect differentiation and 
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self-renewal related pathways (5). The source of these cells 
is important for prevention, early detection, and treatment 
of BC (6). There are similarities between CSCs and normal 
stem cells. They are multipotent, quiescent, with ability to 
self-renew and helps to recovery of the tumor (7). Many 
signaling pathways are involve in regulation of normal stem 
cell development and self-renewal and disturbing of these 
pathways has been observed in cancer (8). Thus, targeting 
key signaling cascades in cancer cells can be an efficient 
way to improve the prognosis in BC therapy and overcome 
to therapeutic failure (9). One of the important stemness 
factors is the NANOG that is involved in the maintenance 
of pluripotency and self-renewal of CSC (10,11). NANOG 
expression was investigated in several types of cancer, 
including BC and it is related to a poor prognosis for BC 
patients (12-14). In addition of stemness factors, miRNAs 
are important factors in regulating of CSC properties 
like pluripotency, invasion, EMT and migration, which 
are involve in metastasis of tumor (15,16). One of these 
miRNAs is Let-7 that regulates the CSCs specifications 
and its overexpression decreases the tumor metastasis and 
also the rate of cell proliferation (17-19).

Beside of very clear role of CSCs in proliferation, 
metastasis and therapeutic resistance of tumor cells 
(20), more recently the role of CSCs in the extent of 
tumor through diminishing of immune cells surveillance 
intratumor microenvironment has been investigated (21). 
Additionally, CSCs are potent to escape from immune 
cells by alteration of immunogenicity (22). Furthermore, 
experimental model showed CSCs directly related 
to progression of tumor cells and can be useful if we 
destroyed or ablated those (23). Recently studies focus 
on the modulation of immune cells functions by CSCs 
microenvironment. Chronic inflammatory condition is a 
key factor in the tumor microenvironment that leads to 
proliferation and metastasis of the cancerous cells through 
the immunosuppression of immune cells like T cytotoxic 
and Natural killer cells (24-26). 

In this study we evaluated the expression of stemness 
factor named NANOG and differentiation miRNA known 
as Let-7a in BC cell lines (SKBR3, MCF7, MDA231 and 
MDA468). 

Objectives
The purpose of this study was to understand the relation 
between differentiation and stemness. We hypothesized 
that the high level of NANOG should be with low level of 
the Let-7a. 

Materials and Methods 
Cell lines
The human BC cell lines (MCF-7, SK-BR-3, MDA-MB-231, 
and MDA-MB-468) were purchased from Immunology 
Research Center of Tabriz University of Medical Sciences. 
These cell lines were maintained in Roswell Park Memorial 
Institute 1640 (RPMI1640) (Gibco; Thermo Fisher, 

Waltham, USA) containing 10% fetal bovine serum (FBS) 
(Gibco), 1% antibiotics (penicillin/streptomycin) at 37 C 
in a water-saturated atmosphere of 5% CO2. 

Real-time quantitative PCR analysis for mRNA relative 
quantification 
Trizol reagent (GeneAll®) was used to extraction of total 
RNA from cells, and the reverse transcription reactions 
were done with random hexamer primer and a Reverse 
Transcriptase M-MLV (Biofact) according to the 
manufacturer’s protocol. For miRNA (Let-7a) detection, 
complementary DNA (cDNA) samples were prepared by 
Universal cDNA Synthesis Kit, by using 100 ng total RNA 
in a reaction volume of 15 µL by using the protocol of 
cDNA synthesis Kit (BONmiR).

The expression levels of all miRNAs and mRNAs in 
each cell line were assessed using SYBR green-based 
quantitative reverse transcriptase real-time polymerase 
chain reaction (qRT-PCR) (BioFact). We used U6 as an 
internal control to normalize the miRNAs level expression 
and 18s (for cell lines SK-BR-3, MCF-7, MDA-MB-468, 
and MDA-MB-231). Amplification was done as follows: 
95°C for 10 minutes, 40 cycles of 95°C for 10 s and 60°C 
for 10 seconds. The primer sequences have been shown 
in Table 1. All of the samples have been done in triplicate. 
The 2−ΔΔCt method was used to determine the relative 
quantitation of gene expression levels. The sequences of 
primers used and annealing temperatures are listed in 
Table 1.

Western blot analysis
Western blot has been used to identify a specific protein. 
Here we worked on the protein mixture based on 
separation by molecular weight via electrophoresis gel. 
Then the protein bands transferred to western blotting 
membrane and incubated with antibodies.

The cold PBS was used to wash the cells and then the 
cells were lysed using ice cold radio immunoprecipitation 
assay (RIPA) buffer (1 mM EDTA with pH 8, 150 mM 
NaCl, 1% Triton X-100, 1% SDS, 50 mM Tris-HCl with 
pH 7.4) containing protease inhibitor cocktail (PMSF: 1 
µL per well, protease inhibitor: 1 µL per well, phosphatase 
inhibitor: 1 µL per well) (Roche Diagnostics GmbH) for 30 
min. Before centrifugation, the cells were vortexed for 50 
seconds, and this step was repeated five times. Then, cell 
suspension was centrifuged at 14 000 rpm for 10 minutes 

Table 1. The PCR primer sequences

Target gene Primer sequence

Let-7a-5p 5´UGAGGUAGUAGGUUGUAUAGUU3´

NANOG
F: 5´TTTGTGGGCCTGAAGAAAACT3´
R: 5´AGGGCTGTCCTGAATAAGCAG3´

18s
F: 5´GCTTAATTTGACTCAACACGGGA3´
R: 5´AGCTATCAATCTGTCAATCCTGTC3´

U6 5´GGGCAGGAAGAGGGCCTAT 3´ 
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at 4°C. Finally, cellular debris was outed. 
In this step, we have determined the volume of protein 

extract to ensure 50 μg in each well. 5 µL sample buffer 
was added to the sample, and the volume was making in 
each lane equalized using double distilled H2O (dd H2O). 
The well was mixed and was heated the samples with dry 
plate for 5 minutes at 59°C. 12.5% SDS-polyacrylamide 
gel electrophoresis was used to isolate the proteins bands 
were transferred to polyvinylidene difluoride membranes 
(Roche Diagnostics GmbH). We used the 0.5% Tween-20 
in PBS/Tween-20 (0.05%, v/v) overnight at 4°C to blocking. 
In the next step, the membrane incubated in the polyclonal 
primary antibodies against NANOG and monoclonal 
antibody against β-actin in 1 hour at room temperature. 
The washing buffer containing 0.05% Tween-20 and PBS 
was used to wash the membrane for four 10 minutes and 
after washing the membrane was incubated with secondary 
antibody named horse radish peroxidase-linked rabbit 
anti-goat and rabbit anti-mouse antibody (Razi Institute, 
Tehran, Iran) for 1 hour at room temperature. Next the 
membrane was washed again and the protein bands were 
detected by BM chemiluminescence blotting substrate 
POD (Roche Diagnostics GmbH, Mannheim, Germany) 
and the light signals detected by digital imaging.

Ethics issues 
This study was approved by the Ethics Committee of the 
Tabriz University of Medical Sciences (IR.TBZMED.VCR.
REC.1397.255). All procedures performed in accordance 

with the ethical standards of the Tabriz University of 
Medical Sciences. This study was extracted from a research 
proposal of Immunology Research Center and School of 
Advanced Medical Sciences at this university.

Statistical analysis 
Statistical analyses were processed by the GraphPad 
Prism v. 6.0 software. All data were analyzed by using 
the independent t test and one-way analysis of variance 
(ANOVA). P values < 0.05 were considered to be 
statistically significant. 

Results
The NANOG mRNA and protein levels in BC cell lines
Previous studies reported that NANOG was required for 
selfrenewal and pluripotency of CSCs, suggesting the 
important functions of NANOG in stem cell biology. To 
detect whether NANOG is highly expressed in breast 
CSCs, we used qPCR and western blot methods. As shown 
in Figures 1a and b, expressions of NANOG mRNA and 
protein levels were both obviously higher in SKBR3 cells 
compared to other cell lines. The level of NANOG was 
66-fold higher in SKBR3 cells compared to control cells 
(Figure 1a). The mRNA levels of these genes moderately 
increased in MCF-7, MDAMB-231 and marginally in 
MDA-MB-468 cells. We used fibroblast cells as negative 
control (Figure 1a). 

Here we evaluated the levels of NANOG protein using 
immunoblot analysis. That way, the proteins were isolated 

Figure 1. NANOG was highly expressed in breast CSCs-enriched population. (a) Expression of NANOG mRNA in BC cells lines. The total RNA was extracted 
and after reverse transcription, expression of NANOG mRNA was determined by real-time PCR. (b) Expression of NANOG protein in BC cells lines. The total 
protein was extracted and expression of NANOG protein was analyzed by Western blot assay. Data are reported as means ± SD of three separate experiments, 
**** indicate P ≤ 0.0001 and * indicate P ≤.0.05.
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from the BC cell lines. Our data showed that in comparison 
with the other BC cell lines, the SKBR3 cells have higher 
expression levels of NANOG protein (Figure 1b).

Let-7a expression in breast cancer cell lines
According to previous studies, Let-7a expresses in 
differentiated cells and mature tissue, but is not expresses 
in the undifferentiated embryonic cells and it was found 
as a tumor suppressor in numerous cancers types such as 
BC (27). 

To evaluate the level of Let-7a miRNA in BC cell lines, 
we used real-time PCR method. Our results indicated that 
the level of Let-7a was in contrast to the stemness factor 
NANOG. So, the level of Let-7a was significantly higher in 
MDA-468 than other cell lines (Figure 2). 

Discussion 
BC is a malignancy with histological, molecular and 
epidemiological heterogeneity. In fact, this heterogeneity 
causes a big challenge to the development of effective cancer 
therapeutics. Failure and recurrence in BC treatment 
cause a great obstacle in cancer therapy (28). Pre-clinical 
studies have provided evidence that population with stem 
cell properties were found in tumors which termed as 
CSCs (29). The concept of CSC underscores that the small 
proportion of cancer stem-like cells may drive tumor 
growth, metastasis and resistance to conventional cancer 
therapy, thereby having profound clinical implications 
for cancer therapeutics. The origin of breast CSCs is the 
mammary multipotent stem cells with genetic defects that 
affect pathways related to self-renewal and differentiation 
(30). The lack of efficacy of current cancer therapeutics 
particularly in advanced and metastatic disease 
requires novel strategies that can specifically target CSC 
populations. Decreasing in tumor size and inhibition of its 
growth never show the CSCs percentage diminishing (31). 

Until now there are numbered characteristics of some of 
the most important molecules involved in developmental 
biology and abnormal issue in the body. However, in 

continue, we showed another essential molecule that 
affected the growth of tumor cells passively or negatively.

Here, we focus on the expression of NANOG in breast 
CSCs, a key molecule in the physiological process of stem 
cells. In this work, we found that NANOG was highly 
expressed in SKBR3 (Figure 1). Down- regulation of let-7a 
was found in MDA-MB-468 cells. 

Our results showed that there was an invert relation 
between NANOG and Let-7a. Thus, we can understand 
that dysregulation of NANOG and Let-7a are very 
important in cancer trigger and progression of BC through 
the apoptosis process induction or differentiation of them. 
We can use these results in next studies. For example, the 
inhibition of NANOG in combination with Let-7a up-
regulation can help to decrease the stemness and increase 
the differentiation of CSCs. According to previous studies 
we know that the decrease of stemness and increase of 
differentiation cause to initiation of apoptosis. Thus, anti 
cancer drugs beside increase in apoptosis of tumoral cells 
can be as a interesting preclinical study. On the other hand, 
CSCs are potent to escape from immune cells by alteration 
of immunogenicity. CSCs delayed or cut the response 
of immune cells by secretion of immunosuppressive 
factors, mimicking of antigen-presenting cells. A powerful 
understanding of the cell signaling pathways in CSCs 
differentiation inducer agents can be led us to define 
and control treatment problems such as metastasis and 
chemoresistance. Indeed, knowledge about stem cells 
and particularly CSCs can be led us to define a novel 
therapeutic strategy and CSCs interventions.

Conclusion
In this work, we found that NANOG was highly expressed 
in SKBR3 and and Let-7a was downregulated in MDA-
MB-468 cells. It will be critical for the developing of 
effective anti-tumor drugs, utilizing mentioned concepts. 
Our result showed that metastasis and chemoresistance of 
cancer have a direct relation with stemness characteristic 
of cancers. Differentiation of CSCs provides an optimal 
condition to activity of immune cells which never let them 
escape from immune cells by alteration of immunogenicity.

Authors’ contribution
BB, AE, and ZAS designed the study. ZAS, SN, ER, BB performed the 
experiments. ZAS, BB, AE, and TK analyzed the data. ZAS, MEK, AE 
and BB wrote the manuscript. All authors approved the final version 
of the manuscript.

Conflicts of interest 
The authors declare no conflicts of interest.

Ethical considerations 
Ethical issues (including plagiarism, data fabrication, double 
publication) have been completely observed by the authors. 

Funding/Support
This study was supported by Tabriz University of Medical Sciences 
(Grant N0. 59955).

Figure 2. Let-7a was lowly expressed in BC cell lines. (a) Expression of. Let-
7a miRNA in BC cells lines. The total RNA was extracted and after reverse 
transcription, expression of Let-7a mRNA was determined by real-time PCR. 
Data are reported as means ± SD of three separate experiments, **** indicate 
P ≤ 0.0001.
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