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Summary
Purpose: Breast cancer is one of the deadliest malignancies
in women. Lack of biomarkers and the unavailability of reliable therapeutic targets are main hurdles in the treatment
of breast cancer. The present study was therefore designed to
assess the role and therapeutic potential of miR-204 in the
treatment of breast cancer.

cell line suppressed the proliferation of these cells by triggering apoptotic cell death and G2/M cell cycle arrest. Furthermore, miR-204 overexpression inhibited the migration
and invasion of the MCF7 breast cancer cells. Bioinformatic
analysis revealed PTEN to be the target of miR-204. Since,
PTEN regulates the PI3K/AKT signalling pathway, the effect of miR-204 overexpression was also assessed on this
Methods: The expression of miR-204 was checked by qRTpathway and showed that miR-204 overexpression inhibits
PCR. The transfections were performed by Lipofectamine
the expression of p-AKT and p-PI3K significantly in MCF7
2000 reagent. Cell viability was determined by WST-1 colbreast cancer cells.
orimetric assay. The effect of miR-204 was evaluated on the
breast cancer metastasis by cell migration and invasion Conclusion: We conclude that miR-204 regulates the proliftranswell assays. Immunoblotting was used to determine eration and metastasis of the breast cancer cells and as such
the protein expression in breast cancer cells.
may prove to be an important therapeutic target.
Results: The results revealed that the expression of miR204 was downregulated in all the tested breast cancer cell Key words: apoptosis, breast cancer, cell cycle arrest, melines. Overexpression of miR-204 in the MCF7 breast cancer tastasis, microRNA

Introduction
Breast cancer is the prevalently detected cancer among women and causes significant mortality worldwide [1]. It is the most common cause of
death in females, with more than 0.4 million deaths
annually [2]. Reportedly, breast cancer constitutes
around 14% of all the cancer-related deaths in women and its incidence is still on the increase [3]. The
main obstacles for the treatment of breast cancer
include late diagnosis, lack of reliable biomarkers
and therapeutic targets and the limited availability
of the efficient drugs [4,5]. MicroRNAs (miRs) are

very small non-coding RNA molecules that play vital roles in humans [6]. They have a number of roles
which include but are not limited to cell division
and transcription. The miRs have been reported to
be involved in the onset of several diseases such
as cancer, and the expression of most of the miRs
has been reported to be dysregulated in cancer [7].
Their expression in cancer cells is either downregulated or upregulated and therefore miRs are being
considered as important therapeutic targets for
the management of several types of cancers. miR-
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Mir-204 has anticancer effects against breast cancer

204 has been shown to be dysregulated in several
types of cancer cells. For instance the expression
of miR-204 has been reported to be downregulated
in hepatocellular carcinoma [8]. Moreover, miR204 has been shown to inhibit the proliferation
of cancer cells like in prostate and gastric cancers
[9,10]. However, the role of miR-204 has not been
fully investigated in breast cancer. This study
was therefore designed to explore the role and
therapeutic potential of miR-204 in breast cancer.

Methods
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RNA isolation, cDNA synthesis and quantitative real-time
PCR
The total RNA was extracted from the breast cancer
cells with the help of RNeasy Kits (Qiagen, Hilden, Germany). To reverse-transcribe the cDNA, the Omniscript
RT (Qiagen) was employed using 1 µg of the extracted
RNA. The cDNA was then used as template for quantitative real-time PCR (qRT-PCR) with the help of Taq PCR
Master Mix Kit (Qiagen) according to the instructions
of the manufacturer.
Transfections

As the breast cancer MCF7 cells reached 80% confluence, they were transfected with miR-negative control
Cell lines and culturing conditions
(NC), miR-204 mimics (10 pmol, Shanghai Gene Pharma,
Breast cancer cell lines MCF7, CAMA-1 SK-BR-3, China) with the help of Lipofectamine 2000 (InvitroBT-20, BT-483 and EMT6, and normal breast cell line gen, Carlsbad, California, USA) as per the manufacturer’s
Hs 841.T were procured from American Type Culture instructions.
Collection. All of these cell lines were maintained in Dulbecco’s modified Eagle’s medium containing 10% fetal Cell viability
bovine serum (FBS), antibiotics (100 units/mL penicillin
The cell viability of the breast cancer cells was asand 100 μg/mL streptomycin), and 2 mM glutamine. The sessed by WST-1 colorimetric assay. Briefly, the breast
cells were cultured in an incubator (Thermo Scientific, cancer cells were seeded in 96-well plates at the density
Waltham, Mass, USA) at 37°C with 98% humidity and of 2×105 cells/well. The cells were then incubated with
5% CO2.
WST-1 at 37ºC for 4 h. The absorbance at 450 nm was
then taken by a microplate reader at different time intervals (0, 12, 24, 48 and 96 h) to determine the viability
of breast cancer cells.
Apoptosis assay
The nuclear morphology of the MCF7 breast cancer
cells was assessed by fluorescence microscopy after subjecting the cells to cell-permeable Hoechst 33342 dye.
Ten fields with 100 cells/field were randomly selected for

Figure 1. Expression of miR-204 in human breast cancer
cell lines and one normal breast cancer cell line. The experiments were carried out in triplicate and expressed as mean
± SD (*p<0.05).

Figure 2. Cell viability assay showing that miR-204 overexpression inhibits the viability of MC7 breast cancer
cells. The experiments were carried out in triplicate and
expressed as mean ± SD (*p<0.05).

Figure 3. Overexpression of miR-204 in MCF7 cells triggers apoptosis as indicated by A: Hoechst staining and
B: Annexin V/PI staining. The experiments were carried
out in triplicate.
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estimation of the cells with condensed nuclei. AnnexinV/propidium iodide (PI) double staining was used for the
determination of the percentage of the apoptotic breast
cancer cells as described previously [11].

containing the proteins were loaded and separated on
SDS-PAGE. This was followed by transference to a nitrocellulose membrane and incubation with the primary
antibody (1:1000) for 24 h at 4ºC. Thereafter, the membrane was incubated with HRP-conjugated secondary
Cell migration and invasion
antibody (1:1000) for at 24ºC for about 1 h. The visuThe capacity of the MCF7 breast cancer cells to mi- alisation of the proteins was carried out by enhanced
grate and invade was determined by transwell assay as chemi-luminescence reagent.
previously described [12].
Statistics
Western blot analysis
The experiments were performed in triplicate and
The breast cancer MCF7 cells were lysed with presented as mean ± SD. Student’s t-test with the Graphice-cold hypotonic buffer. After estimating the protein Pad prism 7 software were used for statistical analyses.
concentrations in each of the cell extracts, the samples P<0.05 was taken as statistically significant.

Figure 4. Overexpression of miR-204 triggers apoptosis and G2/M cell cycle arrest in MCF7 breast cancer cells. Arrows
show the G2/M phase cells. The experiments were carried out in triplicate.

Figure 5. Overexpression of miR-204 inhibits the migration of MCF7 breast cancer cells. The experiments were carried out in triplicate and expressed as mean ± SD (*p<0.05).
JBUON 2019; 24(3): 1056

Figure 6. Overexpression of miR-204 inhibits the invasion
of MCF7 breast cancer cells. The experiments were carried
out in triplicate and expressed as mean ± SD (*p<0.05).
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the investigation of the underlying mechanism for
miR-204, miR-NC and miR-204 mimics-transfected
MCF-7 cells were subjected to Hoechst 33342 and
annexin V/PI staining. The results showed that
overexpression of miR-204 triggers apoptotic cell
death in MCF7 breast cancer cells (Figure 3). In
addition, cell cycle analysis revealed that miR-204
overexpression induced the G2/M cell cycle arrest
of the breast cancer cells (Figure 4).
Overexpression of miR-204 inhibits the metastasis of
human MCF7 breast cancer cells
The effect of miR-204 on the metastasis of
breast cancer cells was examined by the cell miFigure 7. A: MiR-204 targets PTEN as indicated by bioin- gration and invasion assays. The results revealed
formatic analysis. B: Western blotting showing that over- that miR-204 overexpression caused considerable
expression of miR-204 causes overexpression of PTEN. The
inhibition of the migration of MCF7 breast cancer
experiments were carried out in triplicate.
cells. Similar results were obtained with cell invasion assay (Figure 5). Taken together, these results
indicate that miR-204 regulates the metastasis of
breast cancer cells (Figure 6).
MiR-204 targets PI3/AKT signalling pathway in
MCF7 breast cancer cells
To find out the potential target of miR-204,
TargetScan online software was used and PTEN
was identified as the potential target of miR-204.
In addition, it was observed that overexpression of
miR-204 caused significant upregulation in the expression of PTEN (Figure 7A-B). Since PTEN is the
negative regulator of PI3K/AKT signalling pathFigure 8. Overexpression of miR-204 causes inhibition of way, the effects of miR-204 overexpression caused
the PI3K/AKT signalling pathway as indicated by western significant reduction in the expression of p-AKT
blotting. The experiments were carried out in triplicate.
and p-PI3K (Figure 8).

Results

Discussion

Breast cancer is one of the deadly malignancies,
miR-204 is downregulated in human breast cancer cell
responsible
for considerable mortality in women
lines
across the globe [13]. It is one of the frequently deThe expression of miR-204 was examined in 6 tected cancers in women and is mostly diagnosed
breast cancer cell lines (MCF7, CAMA-1, SK-BR-3, at advanced stages due to the unavailability of
BT-20, BT-483, EMT6) and one normal breast cell reliable biomarkers. Also, the currently available
line (Hs 841.T) by quantitative RT-PCR. The expres- chemotherapeutic regimens are associated with a
sion of miR-204 was considerably downregulated number of side effects. Furthermore, reliable therain all the breast cancer cells, been 2.5 to 5 fold lower peutic targets that could be used for the treatment
in breast cancer cells, in comparison to the normal of breast cancer are limited [14]. MiRs, being inHs 841.T (Figure 1). The lowest was observed in the volved in a wide array of biological functions are
MCF7 breast cancer cell line and as such this cell being considered prospective therapeutic targets
line was selected for further experimentation.
that could be utilised in the treatment of different
types of cancers [15]. MiR-204 is an important miR
Overexpression of miR-204 inhibits the proliferation
that has been reported to regulate the proliferation
of MCF7 breast cancer cells
of several types of cancers [8]. However, the role of
miR-204 overexpression inhibited the prolif- miR-204 has not been established in breast cancer.
eration of breast cancer MCF7 cells (Figure 2). For Therefore, the present study focussed on the invesJBUON 2019; 24(3): 1057
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tigation of the role of miR-204 and exploration of
its therapeutic potential. In this study, it was observed that miR-204 was considerably downregulated in all the breast cancer cells as compared to
the normal cells. Our results are well supported by
the studies carried out previously wherein the expression of miR-204 has been found to be dysregulated in several types of cancers. For example, the
expression of miR-204 is downregulated in renal
cell carcinoma [16]. The present study revealed that
miR-204 was overexpressed in breast cancer MCF7 cells and its overexpression caused significant
reduction in the proliferation of the breast cancer
cells. Furthermore, the effects of miR-204 on the
proliferation of the breast cancer cells were found
to be due to the induction of apoptosis and G2/M
cell cycle arrest. Apoptosis and cell cycle arrest are
important mechanisms by which many of the anticancer agents exert their effects. While as apoptosis
eliminates the cancer cells completely, cell cycle
arrest prevents the cells to complete their division
[17,18]. Hence, both these mechanisms caused decline in the viability of the MCF7 breast cancer
cells. Metastasis is an important factor that determines the prognosis of cancers [19]. In this study
we evaluated the impact of miR-204 ovexpression
on MCF7 breast cancer cells by cell migration and
invasion assays and it was observed that miR-204
overexpression suppresses the MCF7 migration
and invasion, indicating that miR-204 regulates

the metastasis of the breast cancer cells. MiRs exert their effects by targeting different genes. Bioinformatic analysis revealed that miR-204 targets
PTEN. Western blotting analysis showed that overexpression of miR-204 leads to enhanced expression of PTEN. Since PTEN is a negative regulator
of PI3K/AKT [20], we checked the effect of miR-204
on the PI3K/AKT signalling pathway and observed
that miR-204 caused significant reduction in the
expression of p-PI3K and p-AKT. Taken together,
miR-204 inhibits the proliferation and metastasis
of the breast cancer cells and deserves further research efforts.

Conclusion
In conclusion, miR-204 is significantly downregulated in the breast cancer cells and its overexpression in breast cancer cells inhibits their proliferation by triggering apoptosis and G2/M cell cycle
arrest. Besides, miR-204 overexpression inhibits
breast cancer cell metastasis by targeting PI3K/
AKT signalling pathway. Given these results, further evaluation of this molecule in vivo will help
establish miR-204 as the therapeutic target for the
treatment of breast cancer.

Conflict of interests
The authors declare no conflict of interests.

References
1.

DeSantis CE, Ma J, Goding Sauer A et al. Breast cancer
statistics, 2017; racial disparity in mortality by state.
CA: Cancer J Clin 2017;67:439-48.

2.

Mariotto AB, Etzioni R, Hurlbert M et al. Estimation
of the number of women living with metastatic breast
cancer in the United States. Cancer Epidemiol Prev Biomarkers 2017;26:809-15.

3.

Zheng J, Tabung FK, Zhang J et al. Association between
post-cancer diagnosis dietary inflammatory potential
and mortality among invasive breast cancer survivors
in the Women’s Health Initiative. Cancer Epidemiol
Prev Biomarkers 2018;1:22-7.

and MicroRNAs in Cancer. Int J Molec Sci 2018;19:
459.
7.

Ji W, Sun B, Su C. Targeting microRNAs in cancer gene
therapy. Genes 2017;8:21.

8.

Hu B, Sun M, Liu J. MicroRNA 204 suppressed proliferation and motility capacity of human hepatocellular
carcinoma via directly targeting zinc finger E box binding homeobox 2. Oncol Lett 2017;13:3823-30.

9.

Wu G, Wang J, Chen G, Zhao X. microRNA-204 modulates chemosensitivity and apoptosis of prostate cancer
cells by targeting zinc-finger E-box-binding homeobox
1 (ZEB1). Am J Transl Res 2017;9:3599.

4.

Greenlee H, DuPont, Reyes MJ et al. Clinical practice
guidelines on the evidence-based use of integrative
therapies during and after breast cancer treatment. CA:
Cancer J Clin 2017:5;196-201.

10. Canu V, Sacconi A, Lorenzon L et al. MiR-204 downregulation elicited perturbation of a gene target signature common to human cholangio carcinoma and
gastric cancer. Oncotarget 2017;8:295-302.

5.

Lee KL, Janz NK, Zikmund-Fisher BJ et al. What Factors
Influence Women’s Perceptions of their Systemic Recurrence Risk after Breast Cancer Treatment? Medical
Decision Making 2017:1:19-24.

11. Hsiao JH, Chou PY, Sheu MJ. Pipoxolan exhibits antitumor activity toward oral squamous cell carcinoma cell
through the reactive oxygen species mediated apoptosis. FASEB J 2017;31:670-9.

6.

Ramassone A, Pagotto S, Veronese A et al. Epigenetics

12. Zhao H, Xing G, Wang Y. Long noncoding RNA HEIH

JBUON 2019; 24(3): 1058

Mir-204 has anticancer effects against breast cancer
promotes melanoma cell proliferation, migration and
invasion via inhibition of miR-200b/a/429. Bioscience
Rep 2017;37:33-7.
13. Inoue M, Nakagomi H, Nakada H et al. Specific sites of
metastases in invasive lobular carcinoma: a retrospective cohort study of metastatic breast cancer. Breast
Cancer 2017;24:667-72.
14. Shandiz S, Ataollah S, Salehzadeh A et al. Evaluation
of cytotoxicity activity and NM23 gene expression in
T47D breast cancer cell line treated with glycyrrhiza
glabra extract. J Genet Resources 2017;3:47-53.
15. Kwok GT, Zhao JT, Weiss J et al. Translational applications of microRNAs in cancer, and therapeutic implications. Non-coding RNA Res 2017;20:44-52.
16. Han Z, Zhang Y, Sun Y et al. ERβ-mediated alteration
of circATP2B1 and miR-204-3p signaling promotes

1059

invasion of clear cell renal cell carcinoma. Cancer Res
2018;3:19-26.
17. Karimian A, Ahmadi Y, Yousefi B. Multiple functions of
p21 in cell cycle, apoptosis and transcriptional regulation after DNA damage. DNA Repair 2016;42:63-71.
18. Han Y, Yang YN, Yuan HH. UCA1, a long non-coding
RNA up-regulated in colorectal cancer influences cell
proliferation, apoptosis and cell cycle distribution. Pathology 2014;46:396-401.
19. Seguin L, Desgrosellier JS, Weis SM. Integrins and cancer: regulators of cancer stemness, metastasis, and drug
resistance. Trends Cell Biol 2015;25:234-40.
20. Zhang LL, Mu GG, Ding QS et al. Phosphatase and tensin homolog (PTEN) represses colon cancer progression through inhibiting paxillin transcription via PI3K/
AKT/NF-κB pathway. J Biol Chem 2015;290:15018-29.

JBUON 2019; 24(3): 1059

