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Introduction 
 
Being the most common cancer in females, breast 
cancer (BC), is one of the main global health 
concerns and a major cause of women deaths 

worldwide. Although the development and 
advancement of screening methods and therapies 
have improved survival rates, Global Cancer 

Abstract 
Background: We aimed to investigate  miR-21-5p inhibition effect on lncRNA-XIST expression and apoptosis 
status of MCF-7 cells.  
Methods: The MCF-7 cells were cultured and transfected by the anti-miR-21-5p oligonucleotide and expression 
of miR-21-5p, lncRNA-XIST, apoptosis-associated genes (bax and p53) and one miR-21-5p-unrelated lncRNA 
(BC200) was assessed by RT-qPCR. Furthermore, cell viability checked by MTT assay and apoptosis and cell 
cycle in transfected cells were detected by flow cytometry. Also, bioinformatics analysis on the transcriptome data 
confirmed that the lncRNA XIST might have a critical role in breast cancer (BC) cell apoptosis through ceRNAs 
mechanism and possible regulatory interactions with miR-21-5p. 
Results: Expression of miR-21-5p and lncRNA-XIST was significantly down- and up-regulated respectively 
(P<0.05). However, there was no significant change in lncRNA-BC200 expression. Also, the expression of bax 
and p53 upraised significantly (P<0.05). In transfected cells, MTT and flow cytometry assays reported a highly 
significant decrease and increase in viability and apoptosis respectively. 
Conclusion: Inhibition of miR-21-5p resulted in significant upregulation of lncRNA-XIST and apoptosis-
associated genes bax and p53, which led to the induction of apoptosis in MCF-7 cells. Therefore, more 
investigations may provide a valuable target for studies on molecular therapies for BC.     
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Observatory reports over two million new BC 
cases and more than 500 thousand deaths annually 
(1). 
BC is a heterogeneous disease, which can be 
classified into different molecular subtypes with 
diverse molecular mechanisms. The risk for BC is 
a combination of a variety of factors such as older 
age, genetic mutations and polymorphisms, family 
history of BC and lifestyle (2) etc. In the same way, 
prognosis and diagnosis and response to therapies 
vary for different BC cases. Therefore, there are 
still many unaddressed questions about the 
molecular mechanisms of BC and the efficiency of 
the treatments. Consequently, research on 
underlying cellular and molecular mechanisms of 
BC and providing enough knowledge for new 
therapeutic approaches is urgently needed. 
Due to their crucial regulatory roles, recently non-
coding RNAs (ncRNAs) have gained a lot of 
attention in cancer research. In this regard, there 
is a major focus on the applicabilities of 
microRNAs (miRNAs) and long ncRNAs 
(lncRNAs) in BC diagnosis and treatment. Indeed, 
miRNAs have been proposed as master regulators 
of metastasis, tumor suppressors and oncogenic 
factors in BC with a range of promising 
opportunities for therapeutic and prognostic 
approaches. lncRNAs contribute in a wide range 
of molecular processes of BC such as regulation of 
transcriptional and post-transcriptional events, the 
plasticity of cancer stem cells and tumor 
development (3). 
One of the most studied miRNAs in cancer that 
targets multiple genes involved in BC-signaling 
pathways is miR-21-5p. It interacts with BC 
suppressor genes and helping tumor progress 
represents an oncomiR activity. Accordingly, its 
downregulation has been suggested as a potential 
prevention and therapy approach for BC (4). X-
inactive specific transcript (XIST), which is one of 
the first discovered lncRNAs in mammals with a 
master regulatory role in females’ X chromosome 
transcriptional inactivation (5), is dysregulated in 
numerous types of human cancers and implicates 
in many aspects of carcinogenesis. The lncRNA-
XIST expression was found to be significantly 
downregulated in BC tumor samples and model 

cell lines. In fact, it is shown that lncRNA-XIST 
has a suppressor role in BC by downregulating 
AKT activation (6). 
The crosstalk and interaction of lncRNA-XIST 
with several types of miRNAs have been studied 
in several cellular pathways of cancer  .  Zhang et al 
reported reciprocal effects of lncRNA-XIST and 
miR-21-5p on each other's expression, which 
results in inhibition of osteosarcoma (7).  
Considering the above-mentioned arguments, 
there is an undeniable gap in current knowledge 
about the miR-21-5p and lncRNA-XIST 
interaction in BC. Consequently, we aimed to do a 
preliminary analysis for determining miR-21-5p 
inhibition effects on lncRNA-XIST expression 
and apoptosis in MCF-7 BC cells. In order to 
strengthen our results, we also examined miR-21-
5p inhibition effect on lncRNA-BC200 
expression. There is no experimental or predicted 
evidence for relatedness between lncRNA-BC200 
and miR-21-5p, however, it has a high expression 
in invasive BC tumors (8). 
 
Material and Methods 
 
Bioinformatics analysis 
To survey interacrtion between miR-21 and XIST, 
before other analysises, online databases like 
DAINA-LncBase were applied. Analysis of co-
expressed genes is one of the ways to detect 
lncRNAs function in the cell. Therefore, to 
investigate the function of our lncRNAs and 
biological processes related to them, we extracted 
co-expressed mRNAs (Spearman correlation 
coefficient > 0.5) with the lncRNAs based on the 
breast cancer RNA-Seq data using co-lncRNA 
web tool (9). Given the cell lines used in this study, 
we selected TCGA breast cancer progesterone and 
estrogen receptor data in the co-lncRNA tool. To 
investigate the pathways and processes related to 
our lncRNAs, Enrichment analysis was applied to 
the extracted mRNAs based on Gene Ontology 
(GO) Biological Process (BP) data (10)and 
KEGG pathways (11) using co-lncRNA. The 
Benjamin and Hochberg method (12) was applied 
to correct the p-values and the results with 
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corrected p-value>0.05 were ignored. Some co-
expressed mRNAs with XIST physically interact 
with each other at the protein level, were 
investigated on the base of data extracted from the 
STRING database (13) and visualized with 
Cytoscape v. 3.6.1 (14). Based on competing 
endogenous RNAs (ceRNAs) hypothesis, the 
lncRNAs regulate the co-expressed mRNAs 
through shared miRNAs as mediators (15, 16). 
Therefore, to investigate the regulatory 
relationship between XIST and its co-expressed 
mRNAs based on the ceRNAs hypothesis, the 
TarBase database (17) was used to extract 
miRNA-mRNA data. Also, the lncBase v2 
database (18) was used to identify those miRNAs 
that targeted previously extracted mRNAs. 
 
Cell culture 
The human breast cancer cell line MCF-7 was 
obtained from the National Cell Bank of Iran 
(NCBI, Pasteur Institute of Iran). The cells were 
grown and maintained using Dulbecco's Modified 
Eagle Medium (Sigma, United States) 
supplemented with 10% heat-inactivated FBS 
(Gibco, Beijing, China), 100 µg/ml penicillin, 100 
µg/ml streptomycin, 2 mM L-Glutamine 
(Invitrogen, United States) at 37°C under a 5% 
humidified CO2 atmosphere. All experiments were 
performed on cultures that were 70% confluent 
and cells were harvested using the trypsin-EDTA 
treatment. 
 
Cell transfection 
The sequence of anti-miR-21-5p was: 
5'UCAACAUCAGUCUGAUAAGCUA3' and 5՛ 
end was marked with 6-FAM due to its fluorescent 
property to detect whether it has entered to the 
cells. The oligonucleotide of anti-miR-21-5p was 
purified by high-pressure liquid chromatography. 
The MCF-7 cells were seeded in 6-well plates and 
transfected with anti-miR-21-5p (Bioneer, Korea) 
using lipofectamine™2000 (Invitrogen, USA) 
according to the manufacturer’s instructions. 
Briefly, 176 µl of media was mixed separately with 

12µl of lipofectamine in a microtube along with 10 
µl of anti-miR-21-5p (50pmol/µl) and then 
incubated in dark at room temperature for 20 min 
to form a complex. After that, the medium was 
removed from wells and cells were washed using 
phosphate-buffered saline (PBS)1X and serum-
free medium(SFM) in triplicate. Then, 1800 µl of 
medium containing 2.5% serum was added to the 
wells and after that lipofectamine and anti-miR-
21-5p complex was added gently. The plate was 
incubated at 37 °C and 5% CO2 and after 8 h, the 
medium was removed and cells were washed with 
SFM. Then, the culture medium containing FBS 
10% was added to the wells and incubated for 48 
h at 37°C and 5% CO2 as described previously (7). 
 
RNA extraction  
Total RNA was extracted using Invitrogen™ TRI-
zol™ Reagent (Carlsbad,CA,USA) and SanPrep 
Column microRNA Mini-Preps Kit (BI-
OBASIC,Canada) was used to extract ncRNAs 
following  manufacturers’ protocol. To avoid ge-
nomic contamination, the RNA samples were 
treated with DNase. 

 
Quantitative real-time PCR analysis 
The cDNA was synthesized using PrimeScriptTM 
RT Master Mix (Takara Biotechnology, Dalian, 
China). The cDNA samples were amplified using 
WizPureTM qPCR Master (SYBR) Kit and 
Corbett Rotor gene 6000  real-time PCR cycler, 
with an initial denaturation temperature 95 °C for 
5 min followed by 40 cycles of 95 °C for 10 s, 60 
°C for 20 s, and 72 °C for 30 s. The melting 
temperature was set for 60 to 95°C. The relative 
quantification expression of target genes was 
calculated by the 2-∆∆CT method. All RT-qPCR 
reactions were performed in triplicate. U6 and 
GAPDH expressions were used as internal 
controls for ncRNAs and other studied genes 
respectively. In addition, to forward and reverse 
primers (Table 1), the stem-loop primer was used 
for miR-21-5p with this sequence:  
CAATTAGACTACACCTGTCCGGTAGTGTGGCC
CTGCGTCCTGTAGTCTAATTGTCAACA
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Table 1: The primers sequence for the RT-real time PCR 
 
Target genes          Forward primer (5' to 3') Reverse primer (5' to 3') 

XIST AGCTCCTCGGACAGCTGTAA CTCCAGATAGCTGGCAACC 
BC200 GCCTGTAATCCCAGCTCTCA GTTGCTTTGAGGGAAGTTACGCT 
GAPDH TCGTGGAAGGACTCATGACC CCATCACGCCACAGTTTCCC 

Bax GATGCGTCCACCAAGAAG AGTTGAAGTTGCCGTCAG 
p53 ACCTATGGAAACTACTTCCTGAAA ACCATCGCTATCTGAGCAGC 
mir-21  GTGCAGGGTCCGAGGT AGACTGCACCTGTCCGG 
  U6      TGCGGGTGCTCGCTTCGGCAGC CCAGTGCAGGGTCCGAGGT 

 
Cell viability assay 
To investigate the inhibitory effect of anti-miR-21-
5p on the viability of the MCF-7 cells, cell viabillity 
assay was used. The MTT stock prepared in PBS 
(0.5 mg/ml, pH 7.2) and 20 µl of it was added to 
each well and cells were incubated for 4 h at 37 °C 
with 5% CO2. Then, 150 µl of dimethyl sulfoxide 
was added to each well and 5 min incubation was 
repeated. Then, the absorbance at 570 nm was 
measured using a plate reader (BioTek, Epoch). 
The cell viabillity Assay was performed in triplicate 
and the percentage of surviving cells in transfected 
and untreated control cells was compared.  
 
Apoptosis assay  
The apoptotic transfected cell rates were analysed 
by Flow cytometry assay BD FACS Calibur (BD 
Biosciences, San Jose, CA, USA) with Annexin V-
FITC assay. Briefly, cells  48h after transfection 
were collected and according to instructions of 
apoptotic detection kits were prepared for 
staining. Untreated cells were used as control. 
Using FlowJo software, data were analyzed in 
terms of two-dimensional curves, and results were 
presented as the percentage of apoptotic cells. 
 
Cell cycle assay 
Transfected and control cells were collected and 
washed with PBS and fixed using cold 70% 
ethanol. After another PBS washing and spinning 
at 850 g in a centrifuge, 1ml of PI Master Mix 
containing 40 µl of  PI, 10 µl of RNase, and 950 µl 
of PBS was added and incubated for 30 min. The 
measurements of forward scatter and side scatter 
were done by flow cytometry instrument, BD 
FACS Calibur (BD Biosciences, San Jose, CA, 

USA). Pulse processing was used to exclude cell 
doublets from the analysis. The data were analyzed 
by FlowJo software. 
 
Statistical analysis 
The data were analyzed statistically by Graph pad 
prism V6.0 software (Graph Pad Software Inc., 
San Diego, CA, USA) and were presented as mean 
± SD (Standard deviation). Statistical significance 
was determined using t-test and P- values of * P < 
0.05, ** P< 0.01, *** P < 0.001 were considered.  
 
Results 
 
Bioinformatics analysis 
Obtained results from databases like DIANA-
LncBase showed direct interaction between miR-
21 and XIST (Fig. 1a). Moreover, the results from 
TCGA RNA-Seq data revealed the function of our 
lncRNAs and the processes and pathways related 
to them and extract the co-expressed mRNAs 
with XIST. Totally, 179 and 172 mRNAs were 
obtained from estrogen and progesterone RNA-
Seq data respectively (Supplementary Files 1&2). 
These mRNAs are co-expressed with XIST, and 
95 of them physically interact with each other at 
the protein level, which is shown in (Fig. 1b).  
However, cancer analysis of the other mRNAs 
which can potentially act as ceRNAs with XIST 
shows that there are some other apoptotic genes 
that may be overexpressed after overexpression of 
this lncRNA and drive the cancer cell to apoptosis. 
Among obtained mRNAs, there were some 
important genes such as bax, bad, and bak that 
participate in apoptosis processes (Supplementary 
File 3).  
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Fig.1a: Direct interaction between miR-21 and XIST 
 

 
 

Fig. 1b: The protein interaction network of the mRNAs co-expressed with XIST (the data extracted from the 
STRING database and visualized with Cytoscape v. 3.6.1 

 
Cell transfection  
Anti-miR-21-5p movement into the cells was 
confirmed by a fluorescent microscope due to 6- 

FAM in the 5' end of anti-miR, which produces 
fluorescent dots (Fig. 2a and b).   
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Fig. 2a:   MCF-7 cells before transfection with anti-miR-21-5p 
 

 
 

Fig. 2b: MCF-7 cells after transfection with anti-miR-21-5p. Bright fluorescent dots are due to 6-FAM in the 5' end 
of anti-miR-5p, which confirms the oligonucleotide entrance into the cells 

 
Quantitative real-time PCR analysis 
In transfected cells, expression of miR-21-5p 
decreased by 0.3 fold. The lncRNA-BC200 
expression was not significantly altered but XIST 
expression was upregulated significantly 3.9 fold. 
In addition, upregulation of apoptosis biomarkers, 
Bax and P53 was detected as 2.23 and 14.62 folds 
respectively. Expression changes in all genes 

except lncRNA-BC200 was statistically significant 
(Fig. 2c). 
 
Cell viability assay 
Results showed a significant decrease in the 
viability of transfected cells (Fig. 2d). 
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Fig. 2c: Expression of molecules of P53, Bax, miR-21-5p, lncRNA-XIST and lncRNA-BC200 in untreated control 
cells and transfected target cells. After transfection, miR-21 showed significantly decreased expression, while, other 
genes showed significant upregulation. The change in the expression level of lncRNA-BC200 was not significant 

 

 
 

Fig.2d: It is shown that there is a significant decrease in cell viability in transfected cells (target) in comparison with 
controls. * P<0.05, ** P<0.01, *** P<0.001 

 
Apoptosis assay 
Flow cytometry method with Annexin V-FITC 
and PI staining showed apoptosis induction. Fig. 
3a and b represent the plots including four regions: 
Q1 for necrotic cells (Anx-, PI+), Q2 for late 
apoptotic cells (Anx+, PI+), Q3 for early 
apoptotic cells (Anx+, PI-), and Q4 for normal 
cells (Anx-, PI-). In transfected cells, the 
percentage of apoptotic cells was significantly 
enhanced compared to un-transfected cells. As 

shown in the plots, in the Q2 region of late 
apoptosis, the presence of PI has increased in the 
nucleus and phosphatidylserines in the inner 
leaflet of the plasma membrane transferred to the 
outer leaflet. In total, the percentage of late 
apoptotic cells increased from 5.58% in un-
transfected cells to 12.2% in transfected cells and 
the population of early apoptotic cells increased 
from 1.94% to 19.3% of cells. 
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Fig. 3a: Un-transfected MCF-7 cells population with 5.58% of late apoptotic cells in Q2 region and 1. 94% of early 
apoptotic cells in Q3 

 

 
 

Fig.3b: Transfected cells with 12.2% of late apoptotic cells and 19.3% of early apoptotic cells 
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Cell cycle assay  
This assay showed that the percentage of 
apoptotic sub-G1 cells increased from 0.94 in un-
transfected cells to 12.49 in transfected cells (Fig. 
3c and d). There weren’t any remarkable changes 
in other cell cycle phases.  
 

 
 

Fig. 3c: As depicted control cells did not show any 
significant changes in cellular phases of G1, S, G2 

(from left to right) 

 
Fig. 3d: Transfected cells, was shown apoptosis more 

than control cells and there was a significant differ-
ence between two samples in the phase before G1 

(sub-G1) 
 
Discussion     
 
Although it has revealed interactions of different 
miRNAs like miR-429 with lncRNA-XIST in mo-
lecular pathways of cancer including BC (19), the 
miR-21-5p crosstalk with XIST in BC has not ad-
dressed. Based on our bioinformatics investiga-
tion, among all of LncRNAs in relation to miR-
21-5p, XIST with high score was considered. As 
displayed in Fig. 1a, miR-21 and XIST are in inter-
action together. To study experimentally, MCF-7 
cells treated by anti-miR-21 to inhibit miR-21 (Fig. 
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2a and b) resulted in lncRNA-XIST up regulation 
that increased apoptotic factors such as P53 and 
Bax (Fig. 2c). P53 and XIST have reciprocal inter-
action and their expression have effect on each 
other (20). Induced apoptosis was confirmed by 
apoptosis and cell cycle flow cytometry. Then sig-
nificant difference was identified between the 
transfected and control cells in early (Q3) and late 
(Q2) in apoptosis and the frequency of apoptotic 
sub-G1 cells in cell cycle assays respectively (Fig. 
3). While no significant change was observed in 
the expression level of BC200, the other analyzed 
lncRNA (Fig. 2c). In recent years LncRNAs and 
microRNAs as key molecules obtained much con-
sideration. Already, role of XIST as tumor sup-
pressor and miR-21 as oncogene in BC has been 
proved. The expression level of lncRNA-XIST is 
down-regulated in cervical, ovarian, and BC cell 
lines and it has already been proposed that de-
creased lncRNA-XIST levels may potentially be 
considered as a therapeutic target and a biomarker 
for BC diagnosis (5, 6) and the lncRNA 
XIST/miR-92b-3p/MTF1 regulatory axis for the 
progression of breast cancer. The XIST lncRNA 
could inhibit cancer proliferation and EMT and 
promote apoptosis in breast cancer (21). LncRNA 
NEAT1 as a significantly dysregulated RNA in the 
breast cancer patients has significant interactions 
with XIST and hsa-miR-612 (22). 
One of the well-known oncomiRs is miR-21-5p, 
which participates in migration, invasion, and 
apoptosis of ovarian, cervical and BC cancer cells 
(23). It targets many important tumor suppressor 
genes and promotes molecular and cellular pro-
cesses of BC development, which provides a po-
tential prevention and therapy approach for BC 
(24). MiR-21-5p has been demonstrated in relation 
to other LncRNAs and inhibiting apoptosis in BC. 
CASC7 lncRNA as tumor suppressor is in interac-
tion with miR-21-5p in breast cancer (25). Over-
expression of activity of GAS5 resulted in down 
regulation of miR-21, which increased both radio 
sensitivity and the activation of the apoptosis 
pathway, including bax and caspase 3 (26). One of 
the consequences of miR-21-5p up-regulation in 
cancerous cells is their resistance against apopto-
sis. Indeed, it is well known that miR-21 exerts its 

oncogenic actions mainly through the inhibition 
of apoptosis. Therefore, miR-21-5p may affect the 
regulation of specific lncRNAs such as XIST. For 
instance, it inhibits apoptosis of tongue squamous 
cell carcinomas partly via TPM1 silencing (27). In 
addition, down-regulation of miR-21-5p induces 
glioma cell apoptosis through caspase 9 and 3 ac-
tivations, which are possibly mediated by TIMP3. 
Consistent with these findings, TIMP3 levels are 
inversely correlated with miR-21 in BC and over-
expression of TPM1 in the MCF-7 cell line sup-
presses cell growth (28).  
Furthermore, oncogenic function of miR-21 in re-
lation to other molecules has been declared. Shi et 
al. reported that miR-21-5p overexpression pro-
tects glioblastoma cells from temozolomide-in-
duced apoptosis by down-regulation of pro-apop-
totic bax gene and up-regulation of anti-apoptotic 
bcl-2 gene. Previously, they showed that transfec-
tion of MCF-7 cells with anti-miR-21-5p oligonu-
cleotides results in suppression of both cell 
growths in vitro and tumor growth in the xenograft 
mouse model by increasing of apoptosis and re-
ducing of cell proliferation owing to down-regula-
tion of the bcl-2 gene (29). In the same way, 
Frankel et al. reported a link between miR-21 and 
tumor suppressor proteins p53 and PDCD4 in 
MCF-7 cells and showed that inhibition of mir-21 
causes reduced growth of MCF-7 cells (30). There-
fore, interaction between miR-21 and XIST is an-
other target that can be considered as therapy for 
BC. 
Based on our bioinformatic analysis on the 
transcriptome data, lncRNA-XIST was found to 
co-expressed with several mRNAs in BC. This 
indicates that miR-21-5p may function as a 
mediator between XIST and these mRNAs and 
lncRNA XIST can influence those identified 
mRNAs through the ceRNAs mechanism. 
Furthermore, we found miRNAs other than miR-
21-5p, which target lncRNA-XIST and some 
transcripts including Bax, Bad and Bak  mRNAs, 
which are the most known pro-apoptotic factors. 
So, overexpression of XIST may lead to apoptosis 
through regulating these genes via the ceRNAs 
mechanism. Since these genes are not co-
expressed with XIST based on our expression data 
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analysis, this result should be investigated more 
precisely in future studies. As mentioned above, 
overexpressing XIST led to apoptosis in cancer 
cells and also in our investigations, we could 
upregulated it via down-regulation of miR-21 
which induced apoptosis. Investigating of the 
apoptotic effect of XIST on the cancer cells may 
be important to control cancer cell apoptosis but 
how this process occurs? In our bioinformatics 
studies, we could not find any co-expressed 
apoptotic mRNAs with XIST in the analyzed 
expression data and should be more investigated 
in future studies. Meanwhile, due to our 
limitations, we can not absolutely claim and 
confirm our main goal and it entails further studies 
and experiments of pro and anti-apoptotic 
proteins in protein level. Besides, it can be 
proposed that interactions among other mRNAs 
with miR-21 and XIST experimentally are 
investigated in the future. 
 
Conclusion 
 
Here we showed in our bioinformatics and exper-
iments studies that down-regulation of miR-21-5p 
in MCF-7 cells was concurrent with the up-regu-
lation of lncRNA-XIST, which resulted in up reg-
ulated pro-apoptotic genes bax, and p53 and in-
duction of apoptosis. Therefore, miR-21-5p and 
lncRNA-XIST relation may provide valuable tar-
gets for more studies on molecular therapies and 
diagnosis of breast cancer. 
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