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ARTICLE INFO ABSTRACT

Keywords: MicroRNA (miRNA) expression is a dynamic process in the cell, and the proper time period for post-
m_iRNA. o transcriptional regulation might be critical due to the gene-on/-off expression times of the cell. Here, we
Discontinuous transcription investigated the effect of different time-points on proliferation, invasion and miRNA expression profiles of human
MCF-7 . . " : : . .

MDA-MB-435 breast cancer cell lines MCF-7 (non-metastatic, epithelium-like breast cancer cell line with oestrogen receptor

(ER) positive (+) and human breast cancer cell lines MDA-MB-435 (metastatic, invasive, ER negative (-). For this
purpose, MCF-7 and MDA-MB-435 cells were seeded different number in E-plate 16 for proliferation experiment
using an electrical impedance-based real-time cell analyzer system (RTCA) for 168 h. Similarly, invasion po-
tential of MCF-7 and MDA-MB-435 were determined by RTCA for 90 h. Total RNAs including miRNAs were
isolated at 2, 4, 6, 12, 24, 48 h from the MCF-7 and MDA-MB-435 cells. Afterward, the quantitative 84 miRNA
expressions of MCF-7 and MDA-MB-435 were analyzed by Fluidigm Microfluidic 96.96 Dynamic Array. The
results of these study demonstrated that both proliferation potential and invasion capacity of MDA-MB-435 is
higher than MCF-7 as time-dependent manner. Furthermore, we detected that up/down expressions of 32
miRNAs at all time points in MDA-MB-435 compared to MCF-7 (at least ten-fold increased). Because of the high
number of miRNAs, we more closely evaluated the expression of six of them (miR-100-5p, miR-29a-3p, miR-
130a-3p, miR-10a-5p, miR-10b-5p, miR-203a), and determined that their levels were dramatically changed by at
least 50-fold at different time points of the experiment (p < 0.01). The expression levels of five of these miRNAs
(miR-100-5p, miR-10a-5p, miR-10b-5p, miR-130a-3p, and miR-29a-3p) started to increase from the fourth hour
and continued to increase until the 48th hour in MDA-MB-435 cells compared to MCF-7 cells (p < 0.01).
Simultaneously, the expression of one of these miRNAs (miR-203a) decreased from the sixth hour to the 48th
hour in MDA-MB-435 as compared to MCF-7. We determined pathways associated with target genes using
mirPath - DIANA TOOLS. Small RNAs including miRNA are essential regulatory molecules for gene expressions.
In the literature, gene expressions have been published as burst and pulse in the form of discontinuous tran-
scription. The data of the research suggested that time-dependent changes of miRNA expressions can be affected
target gene transcriptional fluctuations in breast cancer cell and can be base for the further studies.

1. Introduction

Breast cancer is the most common causes of cancer death among
women all over the world [1]. This pathology consists of several
different subtypes with several morphological appearances, molecular
features, biological behaviors, and clinical outcome [2]. This pathology
occurs in certain breast tissues, which is then lobular carcinoma or just
in the inner lining of the milk ducts [3].

In recent years, a class of tiny non-coding endogenous RNAs, termed

miRNAs, was discovered [4]. These post-transcriptional inhibitors may
regulate cellular gene expression at target mRNAs through sequence
specificity, directing cleavage of the mRNA or translational inhibition
[5]. These small molecules are involved in a majority of biological
processes such as proliferation, differentiation, apoptosis and patho-
logical processes including invasion, metastasis, epithelial to mesen-
chymal transition [6]. Further studies have shown that there is a
connection between miRNA function and several human malignancies,
including breast cancer [7]. More specifically, miRNAs are located in
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cancer-associated fragile region and suggesting that can regulate path-
ways containing oncogenic and tumor suppressor genes [8,9]. Addi-
tionally, researches have also displayed the association with expression
of miRNAs and tumor size, ER positive/negative, metastasis stage [10].
Especially, metastasis feature of mammary tumor cells to invade and
migrate to neighboring tissues is important reason for breast cancer
mortality [11]. Thus, in this study, human breast cancer cell lines MCF-7
(non-metastatic, epithelium-like breast cancer cell line with ER positive)
and human breast cancer cell lines MDA-MB-435 (metastatic, invasive,
ER negative) were chosen as the two representative cell lines. As known,
gene expression is regulated genetic variants and environmental factors.
Additionally, transcriptional fluctuation has been discovered in the cells
of diverse species and causes and modulates of discontinuous tran-
scription have been examined in literature. However, the effect of time
on gene expression is unknown. Therefore, in the present study, we
investigated the effect of different time points on proliferation, invasion,
miRNA expressions of MCF-7 and MDA-MB-435 cells.

2. Materials and methods
2.1. Cell culture

MCF-7 and MDA-MB-435 were grown at 37 °C in a humidified, 5%
CO», 95% air incubator. The culture medium for MDA-MB-435 is Dul-
becco’s Modified Eagle medium: nutrient mixture F-12 (DMEM/F12)
with 2.5 mM t-Glutamine and 15 mM HEPES (Gibco,USA), supple-
mented with 10% FBS and 1% penicillin-streptomycin. Similarly, MCF-
7 cells were grown in DMEM with 1 g/1 p-Glucose, 4 mM r-Glutamine,
and 1 mM Pyruvate (Gibco,USA), supplemented with 10% FBS and 1%
penicillin-streptomycin. The study was approved by Ethics Committee of
Medicine Faculty of Selcuk University (2013/198).

2.2. Proliferation of the breast cancer cells

A real-time cell analyzer (RTCA; xCELLigence, ACEA Biosciences,
Inc, CA, USA) was used to evaluate the proliferation of human breast
cancer cells. Both MDA-MB-435 and MCF-7 of proliferation capacities
were investigated by a real-time cell analyzer. Cell index (CI) impedance
measurements were performed according to the instructions of the
supplier. Both of them were re-suspended in media and subsequently
adjusted to 10.000 and 20.000 cells/well. After seeding 100 pl of the cell
suspensions into the wells (8 well per each group) of the E-plate 16,
human breast cancer cells were monitored every 15 min for a period of
168 h by the RTCA system. MDA-MB-435s and MCF-7s on the E-plate 16,
which has 16 wells, were treated every other day with DMEM and
DMEM F-12 containing 10% FBS. The values of the electrode impedance
were re-presented as the ‘cell index’. Cell proliferation experiments were
repeated three times.

2.3. Cell invasion evaluation using cell invasion/migration (CIM)-plate

The dynamic cell invasion capabilities of MDA-MB-435s and MCF-7s
were deter-mined by RTCA (xCELLigence, ACEA Biosciences, San Diego,
CA) using an electronic readout called impedance to quantify adherent
cell invasion in real-time. The electrical impedance was displayed as a
dimensionless parameter termed cell index (CI). The CI represents the
capacity for cell invasion, and the slope of the curve can be related to the
invasion velocity of tumor cells. The xCELLigence CI impedance mea-
surements were performed according to the supplier’s instructions. The
rate of cell invasion was monitored in real-time using modified xCEL-
Ligence system cell invasion/migration (CIM)-plates (n = 6). The CIM-
plate chambers were designed as gold electrode arrays. In order to
perform the experiments, MCF-7 and MDA-MB-435 cells were first
deprived of serum for 24 h. Next, the upper section of the chamber was
covered in 20 pl of matrigel (Corning Incorporated) diluted in serum-
free medium at a ratio of 1:20. Then, the covered section of the
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chambers was stored at 37 °C in a cell incubator. According to the
manufacturer’s instructions, 160 pl of 10% FBS DMEM was added to the
lower section of the chamber, and 30 pl of se-rum-free DMEM was
transferred to the upper section of chamber. These combined chambers
were joined in the RTCA Dual Purpose (DP) device at 37 °C with 5% CO,
for 60 min. The control group was composed of uncoated wells (matri-
gel-free only migration). To initiate an experiment, 2 x 10* breast
cancer cells in 100 pl were added to the upper section of the chamber.
The impedance dynamic of each well was measured by the xCELLigence
system every 15 min for 90 h, and the results were expressed as a CI
value.

2.4. Cell invasion evaluation with transwell-plate

Simultaneously, the cell invasion results were measured using a
conventional invasion method (HTS Transwell Invasion). MDA-MB-435
and MCF-7 cells were starved for a 24-h period, then were plated at a
density of 2 x 10* cells/well (including 50 pl of serum-free DMEM) in
the upper chamber of a matrigel-coated (ratio from 1:10 to 1:20)
transwell filter (8.0 pm pore) from Corning. To the reservoir, 150 pl of
10% FBS DMEM and 100 pl of serum-free DMEM were added to the
lower and upper chambers. At 24 h, non-invaded cells on the upper side
of the matrigel were removed carefully with a cotton swab. The cells
bound to the lower side of the filter were washed twice with PBS and
fixed with 3.7% formaldehyde at room temperature for 10 min. Fixed
cells were washed twice with PBS and stained using 0.1% crystal violet.
Invading cells were counted in six random fields, and images were ob-
tained using light microscopy and a camera.

2.5. RNA isolation, complementary DNA (cDNA) synthesis and pre-
amplification

Total RNAs (including miRNAs) were isolated from MCF-7 and MDA-
MB-435 cell lines by using a High Pure miRNA Isolation Kit (Roche)
according to the manufacturer’s protocol at 2nd, 4th, 6th, 12th, 24th,
48th hour in the experiment. Purity and integrity of the isolated total
RNAs were assessed on the Agilent 2100 bioanalyzer (Agilent Technol-
ogies,USA). Then, total RNA samples (2 pl) were converted to cDNA by
using miScript II RT Kit cDNA synthesis kits (Qiagen) for miRNA
detection. Briefly, 2 pL of total RNAs were added to 5 pl of the reverse
transcrition reaction mix (10X miScript Nucleics Mix, 5X miScript HiS-
pec Buffer, miScript Reverse Transcriptase Mix, DNase, RNase free
water) in a total reaction volume of 7 pl. Reverse transcription was
performed using the Piko Thermal Cycler (ThermoScientific, USA).
cDNA synthesis reaction conditions were: 37 °C for 1 min, 95 °C for 5
min, hold at 4 °C, for 40 cycles). cDNA samples were kept at —80 °C until
real-time PCR analysis. We performed a pre-amplification after the
reverse transcription using the TagMan PreAmp Master Mix (Applied
Biosystems, Foster City, CA, USA) as well as the Human Primer Pools Set
(Exigon, USA). For pre-amplification 2 pl cDNA samples was transferred
into a clean 96 pico plate and 8 pl preamplification suspension buffer
(5X miScript PreAmp Buffer, HotStartTaq DNA Polymerase, Primer
Tool, PreAMP Universal Primer) was added on the top of cDNAs and
mixed by pipetting up and down 3-4 times. The pre-amplification
cycling conditions were as follows: 95 °C for 10 min, 94 °C for 30 s,
60 °C for 3 min (12 cycles). Then, 1 pl ofexonuclease solution (exonu-
clease solution and DNA suspension buffer) was added preamplified
cDNA samples for eliminate primer dimer. The exonuclease cycling
conditions were: 37 °C for 15 min, 95 °C for 5 min.

2.6. High-throughput multiplexed polymerase chain reaction (HTM-PCR)

High-throughput multiplexed polymerase chain reaction (HTM-PCR)
experiments were-performed via the BioMark 96.96 dynamic array chip
using the high-throughput Bio-Mark real-time PCR system (Fluidigm,
South San Francisco, CA). The BioMark 96.96 Dynamic Array is easy to
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use because the microfluidic architecture does the work of combining
samples and primer-probe sets into 9216 PCR reactions. miRNA PCR
Array Human Breast Cancer primers (84 primers) were obtained from
miScript Primer Assay (Product No: 331221, Cat. No: MIHS-109ZM-2
Qiagen, France).

Small nucleolar RNA, C/D box 68 (SNORD68); small nucleolar RNA,
C/D box 72 (SNORD72); small nucleolar RNA, C/D box 95 (SNORD95);
small nucleolar RNA, C/D box 96 A (SNORD96A); small nucleolar RNA,
C/D box 61 (SNORD61); and RNA, U6 small nuclear 2 (RNU6-2) were
added as potential candidate housekeeping genes in the experiment. At
the end of the RT-PCR study, the gene that demonstrated the most stable
Ct value, in this case, SNORD61, was used as the internal control. All
samples were normalized to this internal control, and fold regulations
were calculated using relative quantification (RQ = 2-AACT). For the h-
PCR reaction, pre-amplified cDNA samples were first diluted 1:5 with
DNA suspension buffer (Teknova, Hollister, CA, USA). Approximately
360 pL of TagMan Universal PCR Master Mix (Applied Biosystems,
Foster City, CA, USA), 36 pL of 20x GE Sample Loading Reagent (Eva
Green, Fluidigm, South San Francisco, CA), 84 pl of DNase, and RNase-
free water were mixed, and 3.85 pl of this mixture was pipetted into each
well of a 96-well plate. Next, 3.15 pl of a 1:10 dilution of pre-amplified
cDNAs were added to the corresponding well in the 96-well plate and
mixed. Then, 5 pl of this mixture and 4 pl of 1:1 diluted target primers
were pipetted into sub-sequent sample inlets and assay inlets of a 96.96
dynamic array. Next, the BioMark 96.96 dynamic array chip was loaded
onto the BioMark integrated fluidic circuit (IFC) controller HX (Fluid-
igm, San Francisco, USA) to distribute the assay mix and sample mix
from the loading inlets into the BioMark 96.96 dynamic array reaction
chambers for qRT-PCR by Fluidigm’s integrated fluidic circuit technol-
ogy. The thermal protocol was performed using the Biomark System as
follows: 50 °C for 2 min, 70 °C for 30 min, 25 °C for 10 min, and 95 °C for
10 min, followed by 24 cycles of 94 °C for 15 s, 55 °C for 30 s and 70 °C
for 30 s. Finally, a melting curve cycle of 60°C-95 °C for 1 min
concluded the protocol.

2.7. Statistical analyses

For proliferation and invasion experiments, the statistical analysis
was used analysis of variance (ANOVA) and Tukey HSD multiple com-
parison tests. The data are represented as mean =+ standard deviation. A
value of p < 0.05 was considered to be statistically significant. RT-PCR
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experiments of statistical analyses were performed using the Biogazelle
gbase PLUS 2.0 software. The gene expression data normalization pro-
cess was performed via the 2-AACt method, which is based on the
relative quantification method (normalized threshold cycle (Ct) value of
sample minus normalized Ct value of control). The averages of the
technical replicates of the normalized data of the groups were compared
with the student’s t-test. P < 0.05 was considered statiscally significant.

3. Results
3.1. Real-time cell proliferation analysis

To evaluate dynamic cellular proliferation of human breast cancer
cells (MCF-7, MDA-MB-435) were seeded at different cell counts in 16 E-
plates. Then, each group (include 10.000, 20.000 cells/well) was
monitored every 15 min for 168 h and cell number, viability,
morphology and adherence of cells were determined by sensor electrical
impedance. Statistical analysis demonstrated that proliferation curves of
MCF-7 and MDA-MB-435 reflected as paralell with cell number in group
(Fig. 1). According to the data obtained from the RTCA, 10.000 cell/well
of MCF-7 reached to minimum cell number at 15th hour and these
groups achived maximum cell number at 130th hour (p < 0.05). While
20.000 cell/well group of MCF-7 was minimum cell number at 15th
hour and maximum cell number 55th hour (p < 0.05). Additionally,
10.000 cell/well of MDA-MB-435 were displayed minimum cell number
value at 15th hour and maksimum cell number value at 100th hour (p <
0.05). Whereas, 20.000 cell/well group of MDA-MB-435 was assigned
minimum cell number at 20th hour and maksimum cell number at 100th
hour, (p < 0.05). Also, the results from the repeated measurements of
the data for 168 h displayed that there was a significant difference be-
tween the MCF-7 and MDA-MB-435 cells and that the aggressiveness of
the cell proliferation was higher in MDA-MB-435 cells (p < 0.05).

3.2. Real-time measurement of cell invasion in breast cancer cells

The cell invasion capacities of the breast cancer cell lines were
measured with the xCELLigence platform. MCF-7 and MDA-MB-435
breast cancer cells were added at 20.000 cells per matrigel-coated or
uncoated well in CIM-plates (n = 6). Then, the cells were monitored
every 15 min for the indicated period of time. The impedance CI of the
coated wells for the MDA-MB-435 was seen to increase greatly after
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seeding, up to its maximum value, from 5 to 25 h. Additionally, this
situation determined at 5 h and reached its second maximum at 28 h in
MCEF-7 (Fig. 2). The invasion capacity of the MDA-MB-435 cells was
significantly higher than the invasion capacity of MCF-7 (p < 0.05).

3.3. Matrigel invasion capacities of breast cancer cells

The invasion potential of MDA-MB-435 and MCF-7 cells was next
examined using a matrigel invasion assay. As a result of this experiment,
it was determined that the number of invasive cells in both the 1:10 and
1:20 matrigel MCF-7 samples were significantly lower than those of the
matrigel-free control group (p < 0.001; Fig. 3). The invasive cell assay
results obtained from the MDA-MB-435 cells showed a significantly
lower (p < 0.001) number of invasive cells in the 1:10 matrigel-coated
group than the control group. Furthermore, it was determined that the
number of invasive cells in the 1:20 matrigel-coated group of the same
cell line was statistically more invasive than that of the control group (p
< 0.05; Fig. 3). Thus, MDA-MB-435 cells are dramatically more invasive
than MCF-7 cells.

3.4. The effects of time-points on miRNA expressions of breast cancer
cells

The expression of 84 breast cancer-related miRNAs were analyzed in
MDA-MB-435 versus MCF-7 at six different time periods ranging from 2
to 48 h using Fluidigm Microfluidic 96.96 Dynamic Array. MDA-MB-435
time-dependent groups (2nd hour, 4th hour, 6th hour, 12th hour, 24th
hour, 48th hour) were compared to MCF-7 time-dependent groups (2nd
hour, 4th hour, 6th hour, 12th hour, 24th hour, 48th hour) and we
evaluated the fold regulations above 10 and consistently up or down-
regulated (p < 0.001). Statistical analysis demonstrated that 32 miR-
NAs included both up- and down-regulated expressions of miRNAs were
differentially expressed by at least ten-fold. Then, we determined that 11
miRNAs of 32 miRNAs were differentially expressed at the 2nd hour.
Continuing from hour two, 23 miRNAs were differentially expressed at
the 4th hour, 16 miRNAs at the 6th hour, 13 miRNAs at the 12th hour,
13 miRNAs at the 24th hour, and 15 miRNAs at the 48th hour in MDA-
MB-435 versus MCF-7 (over ten-fold up-/down-regulated) (Table 1).
Following this analysis, we further evaluated the miRNAs that demon-
strated differences of greater than 50x in expression levels. According to
these data, the first time point (2nd hour) had three miRNAs including
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miR-100-5p, miR-10b-5p, miR-130a-3p that were over 50-fold up
regulated and there was also one miRNA (miR-203a) that was down-
regulated by over 50-fold (p < 0.001). Additionally, eight miRNAs
(miR-100-5p, miR-10a-5p, miR-10b-5p, miR-222-3p, miR-130a-3p,
miR-29a-3p, miR-29¢-3p, miR-125b-5p) were displayed increasing
50X fold-regulation at the 4th hour (p < 0.001). Subsequently, we
determined four miRNAs (miR-10a-5p, miR-100-5p, miR-10b-5p, miR-
130a-3p) at 6th hour and three miRNAs (miR-10a-5p, miR-100-5p, miR-
130a-3p) at 12th hour (p < 0.001). Also, four miRNAs (miR-10a-5p,
miR-10b-5p, miR-100-5p, miR-130a-3p) at 24th hour, and six miRNAs
(miR-100-5p, miR-10a-5p, miR-125b-1-3p, miR-130a-3p, miR-222-3p,
miR-204-5p) at 48th hour were determined that all had a greater than
50-fold change in MDA-MB-435 cells when compared to the MCF-7 (p <
0.001) (Table 1). Especially, six miRNAs that were observed to be
dramatically differentially expressed in MDA-MB-435s when compared
to MCF-7s (Fig. 4). There was large difference for miR-100-5p, miR-10a-
5p, and miR-10b-5p, which showed a 200-1000 fold difference between
the 2nd and 48th hours of the experiment (p < 0.01). miR-100-5p,
which is defined as both an oncomir and a tumor suppressor, displayed
an increase in expression that began from the 2nd hour and continued to
the 48th hour of the experiment. The highest fold change was deter-
mined for this miRNA at the 4th hour, with an up-regulation of 1,032x.
Furthermore, miR-10a-5p and miR-10b-5p, which are members of the
miR-10 family, were observed to be significantly up-regulated at the 4th
hour by 912-fold. Additionally, miR-130a-3p and miR-29a-3p were up-
regulated 10-181x in MDA-MB-435 cells when compared to MCF-7. On
the other hand, miR-203a displayed a consistent down-regulation across
all of the time periods measured. The results of our continuously
expressed miRNAs and their functions were consistent with the
literature.

3.5. Possible pathway analysis of the dysregulated miRNAs

To evaluate the potential role of the choosed 11 miRNAs in malign
breast cancer, possible targets assessment were conducted using the
DIANA TOOLS (di-ana.imis.athena-innovation.gr) platform. Many genes
were predicted as targets of the selected miRNAs. We next utilized
mirPath from DIANA TOOLS to analyze the feasible pathways that
contained putative target genes of the selected miRNAs. Our study
demonstrated that the set of genes regulated by the six dysfunctional
miRNAs have key roles in various pathways, such as the mTOR signaling
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Matrigel

Fig. 3. Photographs of polycarbonate filters coated with Matrigel from transwell-plate chemoinvasion assays. Invaded MCF-7 cells in 1:10 matrigel, 1:20 matrigel

and invaded MDA-MB-435 cells in 1:10 matrigel, 1:20 matrigel.

pathway (hsa 04150), ErbB signaling pathway (hsa 04012), PI3K-Akt
signaling pathway (hsa 04151), Wnt signaling pathway (hsa 04310),
and p53 signaling pathway (hsa 04115) (Fig. 5).

4. Discussion

MicroRNAs are small endogenous RNAs that perform as post-
transcriptional regulators of gene expression in cellular functions
including proliferation, differentiation and cell growth in animals, vi-
ruses, plants [12]. There is accumulating evidence that miRNA expres-
sion profiles differ between breast cancer and healthy breast tissue [6,
13,14]. Recent advanced studies have monitored transcriptional pulsing
in eukaryotes at multiple time points [15], and the gene-on and gene-off
times have been shown to be highly important for post-transcriptional
regulation. In this current study, we examined that the effect of
different time-points on proliferation, invasion and miRNA expression
profiles of human breast cancer cell lines MCF-7 (non-metastatic,
epithelium-like breast cancer cell line with ER positive) and human
breast cancer cell lines MDA-MB-435 (metastatic, invasive, ER nega-
tive). The results displayed that proliferation potential and invasion
capacity of MDA-MB-435 cells higher than MCF-7 cells. Additionally, we
determined that total RNA including miRNAs isolation at different
time-points affected 32 miRNA expressions (onco-miRs, tumor
suppressor-miRs) as up/down in MDA-MB-435 cells compared to MCF-7
(p < 0.01). Especially, miR-100-5p, miR-29a-3p, miR-130a-3p,
miR-10a-5p, miR-10b-5p and miR-203a significantly displayed different
expression in MDA-MB-435 cells compared to MCF-7 at all time periods
(p < 0.01). Functional studies reported that miR-100 have the ability to
target numerous biomolecules that are important in carcinogenesis,
which makes it possible to function as both a tumor promoter and tumor
suppressor [16]. Evidence is accumulating that dysregulation and
aberrant expression of miR-100 is strongly implicated in the develop-
ment of diagnostic and/or prognostic marker for breast cancer [16]. In
our study determined that miR 100-5p continuously displayed high
expression in MDA-MB-435 cells compared to MCF-7 cells at all time
points and it seems to be an important part of invasive characteristic of
the cell. Luo et al. determined that miR-100 expression of more invasive
breast cancer cell lines higher than less invasive breast cancer cell lines

19

and non-tumorigenic breast epithelial cell lines [17]. Similar to the re-
sults of Zhong et al. detected that five up-regulated miRNAs such as
miR-100, miR-29a, miR-196a, miR-222, miR-30a in two resistant sub-
lines of MCF-7 compared to MCF-7/S [18]. miR-29a-3p is largely
described as an oncomir in literature [14,19,20] and it displayed high
expression in most of the cancer. In the present study, miR-29a-3p
expression was determined different time periods (4th,6th, 24th,48th)
and the highest expression of miR-29a-3p was detected at 4th hour. Wu
et al. demonstrated that miR-29-3p levels significantly increased in the
serum of breast cancer patients compared to the healthy control and
they suggested that miR-29a-3p can an usefull biomarker for breast
cancer [21]. Notably, target genes of miR-29a-3p regulate function of
some transcription factors including methyltransferase, cell cycle con-
trol, cell differentiation, apoptosis and metastasis [22,23][22,23] and it
increase metastatic behavior of cancer by induce EMT [24]. In addition,
our results revealed that high miR-29a-3p expression in more invasive
breast cancer cell and our findings are consistent with findings of liter-
ature. miR-130a-3p and miR-130b-3p are described as a member of 130
family and miR-130a-3p promote vascular endothelial cell proliferation
and angiogenesis in tumor [25]. In literature, there little is study the
effect of miR-130 family on cancer associated genes both oncogene and
tumor suppressor. Zong et al. demonstrated that miR-130b-3p induce
proliferation, differentiation and angiogenesis in ovarian cancer cell
lines and their results were also described as a marker for the drug
resistance of ovarian carcinoma [26]. Also, literature reported that the
effect of miR-130b in breast cancer are due to chemoresistance and
proliferation suppression via the PI3K/Akt pathway [27]. In the present
study, we examined miR-130a-3p and miR-130b-3p expressions at
different time points and miR-130a-3p expression was determined
higher than miR-130b-3p as continuously.

Transcriptional pulsing has been observed in both prokaryotes and
eukaryotes and plays a important role in cell-to-cell diversity of protein
and mRNA numbers. Also, time constants associated with episodes of
transcriptional bursting and mRNA degradation lead to different cellular
mRNA distributions [28]. Transcription of genes can be discontinuous,
happening in pulses or bursts. Especially, gene displayed its own tran-
scriptional signature, differing in probability of firing and pulse duration
[29]. However, some miRNAs were continuously overexpressed during
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Table. 1

Differential expression of miRNAs in invasive and less invasive breast cancer cells.

MicroRNA Time-points

2nd hour 4th hour 6th hour 12th hour 24th hour 48th hour

Fold-regulation P value Fold-regulation P value Fold-regulation P value Fold-regulation P value Fold-regulation P value Fold-regulation P value
1 miR-100-5p 632 0.000001 1032 0.003596 515 0.000253 315 0.000012 87 0.000249 656 0.000008
2 miR-10a-5p 912 0.002802 533 0.000176 350 0.000002 398 0.000574 521 0.000052
3 miR-10b-5p 241 0.00034 536 0.002267 209 0.000169 218 0.000289
4 miR-130a-3p 92 0.000778 181 0.000036 103 0.000001 87 0.000249 105 0.000112 126 0.000415
5 miR-130b-3p 15 0.001112 30 0.000088 17 0.000011 23 0.000003 18 0.000455 13 0.000387
6 miR-125b-5p 50 0.000248 35 0.000233 484 0.011749
7 miR-181a-5p 12 0.002337 10 0.000071
8 miR-181c-5p 10 0.002049 12 0.000018
9 miR-203a -331 0.000079 -14 0.000913 —48 0.00002 -36 0.000588 -19 0.000776
10 miR-489-3p -15 0.000023
11 miR-200b-3p -5 0.000001
12 miR-200c-3p -11 0.00042 -8 0.000001 -7 0.000003
13 miR-222-3p 223 0.000765 124 0.000001
14 miR-29a-3p 65 0.003471 39 0.000002 38 0.000002 42 0.000052
15 miR-29b-3p 29 0.012499 15 0.001189 16 0.000762
16 miR-29¢-3p 53 0.001857 31 0.000065 28 0.000004 38 0.000443
17 miR-125b-5p 33 0.000204 34 0.001059
18 miR-18a-5p 10 0.000001 45 0.0092 14 0.00504 12 0.01023
19 miR-19a-3p 43 0.034015 10 0.003065 12 0.000002 11 0.02361
20 miR-19b-3p 35 0.029604 11 0.000005 10 0.016404
21 miR-20a-5p 18 0.006415
22 miR-20b-5p 17 0.002549
23 miR-17-5p 15 0.002111
24 miR-140-5p 13 0.030292
25 miR-22-3p 10 0.001717
26 miR-424-5p 10 0.000037
27 miR-1 18 0.005689
28 miR-205-5p -7 0.000225 -15 0.000011 -16 0.000023 -18 0.000081
29 miR-181b-5p 12 0.000018
30 miR-141-3p -11 0.000004 -9 0.000239 -15 0.000043 -10 0.000001
31 miR-204-5p 39 0.028008 117 0.001091
32 miR-424-5p 25 0.010959
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Fig. 5. The numbers of target genes regulated by these 6 dramatically expressed miRNAs (p<0.05) in pathways as analyzed by mirPath-DIANA TOOLS.

breast cancer development. We displayed that quantitatively profiled
miR-10a-5p and miR-10b-5p changed time dependent in MDA-MB-435
cells compared to MCF-7. Similarly, Ma et al. and Edmonds et al.
determined that level of miR-10b-5p in metastatic cells (X50 fold
regulation) higher than normal breast epithelial cells [30,31]. In addi-
tion, other studies in literature supported that miR-10b-5p expression
increased in breast cancer tissues [32] and these studies suggested that
miR-10b-5p can be describe as a marker for the metastatic breast cancer
[33,34]. Ahmad et al. revealed that miR-10b mediated induction of drug
resistance through down-regulation of HDAC4 in tamoxifen resistance of
ER-positive breast cancer cells [35]. hsa-miR-203a has been described as
an anti-tumorigenic [36] and anti-proliferative action via inhibiting of
MAPK pathway in invasive breast cancer cell [37]. More importantly,
recent reports indicated that miR-203a has high potential for breast
cancer treatment by both increasing drug sensitivity [38] and prevent-
ing metastasis [39]. Our results displayed that miR-203a-3p expression

21

decreased at all time points and these results were reflected at the most
at 2nd hour. Zhang et al. indicates that miR 203a-3p levels decreased in
metastatic breast cancer cell lines compared to primary and
non-metastatic breast cancer [40]. Also, Wang et al. suggested that
elevated levels of miR 203a-3p levels inhibits cell proliferation and can
be a usefull therapeutic target [41].The lack of evaluation of miRNAs
and predicted target genes mRNA expression levels were the limitation
of this study. Confirmation of miRNAs and predicted target genes mRNA
expressions would substantially improve our data in the breast cancer
cells.

5. Conclusion

In conclusion, the findings of this study suggest that miRNA
expression levels may be change with different time points in breast
cancer cells. We believe that the increase and decrease in miRNA
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expression levels stem from an expression rhythm in the cells, and this
flux might be related to the pathophysiology of breast cancer. Also, time-
dependent miRNA expressions can provide new perspectives for both
intracellular miRNA expression levels and the miRNA regulation of
target genes in physiologic pathways.
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