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Abstract

Objectives: miRNAs comprise a group of master gene expression regulators, exerting their effects after transcription through targeting
specific mRNAs, hence, influencing cellular processes. A considerable number of miRNAs are known to affect cell proliferation and
migration in breast cancer, one of which is hsa-miR-330, a key player in various types of cancers. The purpose of this study was to
evaluate the anti-proliferative and anti-migrative effects of hsa-miR-330 on MCF-7 cell line.
Materials and Methods: MCF-7 cells were transfected with pCMV-miR-330 vector and cell selection was performed in media
containing Geneticin (G418). Subsequently, MTT assay was performed to evaluate the effect of hsa-miR-330 on proliferation and
scratch wound healing assay was employed to evaluate cellular migration. Finally, using real-time PCR, the expression of hsamiR-330 as well as the repressive impact on the expression of E2F was investigated.
Results: Upon confirmation of hsa-miR-330 induction in MCF-7 cells via GFP channel imaging system, miR-330 expression was
demonstrated to be increased 10 folds in stable cells. The results of MTT and wound-healing assays demonstrated an inhibitory
role for hsa-miR-330 in proliferation and migration of stable hsa-miR-330-transfected MCF-7 cancer cells compared to controls. In
addition, after transfecting cells with hsa-miR-330, E2F1 was down-regulated in comparison with controls.
Conclusions: Based on the results of the current study, we suggest a potential inhibitory role for hsa-miRNA-330 in cell proliferation
as well as cell migration in breast cancer by targeting E2F1 mRNA. Additionally, a therapeutic role can be suggested for hsa-miR-330
in terms of target therapy for breast cancer.
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Introduction
According to the National Institutes of Health (NIH)
reports, breast cancer ranked first in prevalence among
females (1). During invasion, breast cancer cells manage
to permeate out of lobules or ducts, migrate towards
closely-located tissues, and thus contribute to a higher risk
of metastasis (2). The treatment efficacy in breast cancer
depends on the type, stage, sensitivity to hormones, and
the age of the affected person. Today, the strategies for
breast cancer treatment include radiation therapy, surgery,
hormone therapy, chemotherapy, and biological therapy,
or targeted drug therapy (3).
Recent studies on breast cancer focus on finding
different mechanisms underlying the pathogenesis of
this cancer. Understanding the biological and molecular
mechanisms involved in breast carcinogenesis helps
scientists to utilize the novel strategies in targeted therapy
for breast cancer. Recently, miRNAs have been introduced
as a master regulatory molecule in different cellular
processes, including growth, differentiation, apoptosis,
and so on (4,5). These mechanisms draw the attention

of researchers to utilize miRNAs as a novel molecular
pathway in targeted therapies for breast cancer.
miRNAs comprise a group of small non-coding
RNAs that suppress the expression of target genes after
transcription has taken place. Studies have suggested
that levels of miRNA expression are dysregulated in most
types of cancer (6,7). Restoring the transcription of tumor
suppressor miRNAs to physiological levels is known as
miRNA replacement therapy (8). Piva et al discussed
the advantage of miRNA replacement therapy as novel
clinical tools for breast cancer in their literature review
(9). Several miRNAs including miR-7 (10), miR-30a (11),
and miR-125b (12) were evaluated in breast cancer cells
using miRNA replacement strategy and the results showed
that these small molecules could be potentially effective in
treating breast cancer.
Hsa-miR-330 gene, discovered in 2005 by Weber, is
located on chromosome 19 in human and 7 in mouse
(13). Experiments have demonstrated that hsa-miR-330
can regulate apoptosis and cellular proliferation (14, 15).
In a recent study on hsa-miR-330 in a colorectal cell line,
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it was observed that the induction of the aforementioned
miRNA halts the cell cycle at G1 phase, leading to the
inhibition of cell proliferation (14). In another study, Lee et
al introduced hsa-miR-330 as tumor suppressor miRNA,
elucidating miR-330 role in the inhibition of prostate
tumor proliferation by suppressing the phosphorylation
of protein kinase B (AKT) (16).
Although a large number of miRNAs have been
recognized as significant performers in breast cancer
mechanobiology, the role of hsa-miR-330 is not clearly
known in breast cancer. In this study, we evaluated the
role of hsa-miR-330 in cell proliferation as well as cell
migration in breast cancer, along with the investigation
of the role of hsa-miR-330 in the regulation of E2F1
expression.
Materials and Methods
Bacterial Culture and Transformation Procedure
Escherichia coli DH5-Alpha was used for vector
amplification. To accept the pCMV-miR-330 plasmid
(Origene, USA) by bacteria, the competence of the bacteria
was evaluated prior to transformation (Figure 1). To
enhance the permeability of the bacterial membrane, 100
mM of glycerol and CaCl2 were used at low temperature
on ice. PCMV-miR-330 plasmid was added to microtubes
containing bacteria. The microtubes were then mixed and
incubated for 30 minutes at 4°C. Then, the microtubes
were placed in a 42°C water bath for 60 seconds to further
increase the gaps on the bacterial cell wall, permitting
the pCMV-miR-330 plasmid to enter into the bacteria.
Afterwards, the microtubes were kept on ice and LuriaBertani (LB) broth was added and then, the microtubes
were incubated at 37°C in a shaker incubator at 170 rpm
for 1 hour. In order to reach sedimentation, the microtubes
were centrifuged for 5 minutes at 2400 rpm. The bacterial
supernatant was cultured on LB agar medium containing
kanamycin and incubated at 37°C. After the growth of
vector-positive bacteria, the transformed bacteria were
transferred to LB broth medium. Extraction of plasmid

Figure 1. Schematic Drawing of PCMV-MIR-330 Construct.

DNA was performed using YTA Plasmid DNA Extraction
Mini and Maxiprep kit (YektaTajhiz, Iran). Using
NanoDrop (Thermo Scientific, 2000c, USA), the optical
density (OD) of extracted plasmid was measured and
DNA was then stored at -20°C.
MCF-7 Cell Transfection With Hsa-miR-330
The breast cancer cell line MCF-7 was purchased from the
cell bank (Pasteur Institute of Iran), cultured in the RPMI
1640 medium (Gibco, USA), enriched with 10% fetal
bovine serum (FBS) (Gibco, USA), and incubated at 37°C in
an atmosphere of 95% humidity and 5% CO2. Transfection
was conducted using jetPEI® solution (Polyplus, France)
according to the manufacturer’s protocol. A total of 1×106
cells were seeded in 6-well plates and the transfection was
performed in antibiotic and FBS free conditions according
to manufacturer’s manuals. Briefly, 6 μL of the jetPEI
solution and 188 μL of 150 mM NaCl solution (Polyplus,
France) were added to a microtube and 6000 µg/mL of the
pCMV-miR-330 construct (Origene, USA) was added to
the same microtube. Then, the microtubes were mixed
gently and incubated for 30 minutes at room temperature.
Next, the mixture containing JetPEI and pCMV-miR-330
was added to the cells in the plates and was then centrifuged
at 200 g for 5 minutes. This method was also performed
for an empty vector without any miRNA gene (control
group). Afterwards, 100 µL of FBS was added to each well
after 6 hours and incubated for 24 hours. Plates containing
cells were checked after 24 hours and the antibiotic-free
medium was replaced with culture medium (RPMI1640)
containing 20% FBS and antibiotics.
Since transfected pCMV construct contains G418/
neomycin-resistance gene, in order to select pCMVmiR-330 construct positive cells, 8 μL (50 mg/mL) of
G418 (Geneticin, Gibco, USA) was added to each well of
the plate. To verify the successful transfection of cells with
pCMV-miR-330 construct, wells were checked with GFP
channel of Cytation 5 device (Biotek, USA). Each well was
analyzed separately by bright field and GFP channels and
the images were analyzed via Gene 5™ software (Biotek,
USA, Version 1.1) (8).
Quantitative Real-Time PCR
The whole RNA content of stable hsa-miR-330 transfected
and control MCF-7 cells was extracted using the Trizol
method. Briefly, the pellet of cells was collected from
the microtubes. Total RNA was extracted using RiboEx
reagent (GeneAll biotechnology, Korea) following
the manufacturer’s instructions. The concentration of
extracted total RNA was evaluated by NanoDrop device
(Thermo Scientific, 2000c, USA).
In order to synthesize complementary DNA (cDNA)
for evaluating the expression level of hsa-miR-330, cDNA
Synthesis kit (Exiqon, Denmark) was used. To synthesize
cDNA, 10 ng/μL of total RNA, 1 μL of enzyme mix, and
2 μL of 5x reaction buffer were mixed in microtubes.
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The mixture was incubated for 60 minutes at 42°C and
5 minutes at 95°C in reverse transcription PCR device
(BioRad, T100 Thermal Cycle, USA).
Hsa-miR-330 expression was measured using SYBR
Green PCR master mix and Light Cycler 96 instrument
(Roche Diagnostics, Mannheim, Germany). According to
the manufacturer’s protocol, the cDNA was diluted 1:80,
and then, 4 μL of diluted cDNA was added to real-time
PCR strips. Afterwards, 5 μL of the SYBR Green master
mix (EXIQON, Denmark) and 1 μL of primers (EXIQON,
Denmark) for hsa-miRNA-330 (Table 1) were added to
each strip. The strips were loaded into Light Cycle 96
instrument. The real-time PCR temperature conditions
were as follows: 60 seconds of enzyme activation at 95°C,
followed by 45 cycles of 95°C for 10 seconds, and 60°C for
60 seconds at a ramp rate of 1.6°C/s. The transcript level of
SNORD48 was used as the housekeeping gene.
The cDNA Synthesis Kit (Thermo Scientific, USA)
was used for cDNA synthesis of target gene (E2F1). The
expression level of E2F1 mRNAs was measured by realtime PCR using SYBR Green PCR master mix and Light
Cycler 96 instruments. Briefly, 0.5 μL of cDNA, 5 μL of
SYBR Green master mix (Ampliqon, Denmark), and 0.25
μL (4 pmol) of forward and reverse primers (Oligo, Korea)
of each gene were added to each of the strips. Primer
sets are shown in Table 1 with more details. Finally, H2O
was added to each strip to a final volume of 10 μL. The
real-time PCR temperature conditions were as follows:
90 seconds of enzyme activation at 95°C, followed by 35
cycles of 95°C for 10 seconds, 59°C for 35 seconds, and
72°C for 20 seconds. GAPDH expression level was used
as the housekeeping gene. Finally, the relative levels of
mRNA expression were measured by the comparative CT
approach using 2-ΔCT formula (17).
MTT Cell Proliferation Assay
A total of 2×103 cells of both hsa-miR330 transfected
and control groups were cultured in triplicate in 96well plate for 48 hours. The medium of each well was
replaced with a solution containing 50 μL (2 mg/mL)
of MTT (Sigma-Aldrich, USA) and 100 μL of RPMI
1640 medium containing 10% FBS; then, the plates were
incubated at 37°C for 4 hours in darkness. Subsequently,
the supernatant was discarded and 200 μL of DMSO was
added to each well to be incubated for 30 minutes at 37°C.
Finally, the absorbance measurement was performed at
570 nm wavelength for each well using a microplate reader
(Tecan, Sunrise, Austria) (18).

Wound Healing Assay
In order to determine if hsa-miR-330 is involved in cellular
migration, wound healing assay was employed. Totally,
5×105 MCF-7 cells of both hsa-miR-330 transfected and
control groups were cultured in 24-well plates with RPMI
1640 medium containing 10% FBS to be incubated at 37°C
for 24 hours. Afterwards, the cells were allowed to fill a
monolayer plate; then a scratch was created by a yellow
pipet tip in each well, at 90% confluency. Thereafter, the
migration of cells into the scratch wound area in both hsamiR-330 transfected and control cells were analyzed by
an inverted microscope (Optika, Italy) and compared at
different time points (0, 24, and 48 hours).
Statistical Analysis
Data analyses were entirely done by GraphPad Prism
statistical software, version 7.0 (Graph Pad Software Inc.,
San Diego, CA, USA). All values were expressed as mean
± standard deviation (SD). The Kolmogorov-Simonov
test was performed to evaluate the normality of the
variables. Student’s t test and two-way analysis of variance
(ANOVA) were employed to determine the statistical
differences between the groups. A P value of less than 0.05
was considered statistically significant.
Results
pCMV-miR-330 Construct Could Induce hsa-miR-330
Expression in MCF-7 Cells
For stable expression of hsa-miR-330 in MCF-7 cell line,
pCMV-miR-330 vectors were transfected into the cells;
then, the cells which received the vector were selected by
treating with G418 (Figure 2A and 2B). It was observed
that the expression of hsa-miR330 was increased 11.37
folds (P < 0.001) in transfected cells compared with the
negative vector control group (Figure 2C).
hsa-miR-330 Replacement Reduced E2F1 mRNA
Expression in MCF-7 Cells
E2F1 mRNA in hsa-miR-330-transfected MCF-7 cells was
down-regulated significantly (P < 0.01) compared with
the control group (Figure 3). Therefore, E2F1 expression
could be modulated by hsa-miRNA-330.
hsa-miR-330 Could Reduce Breast Cancer Cell
Proliferation
According to Figure 4, the results of MTT assay showed
that the percentage of cell growth inhibition (10.43±3.79
%) in hsa-miR-330-transfected cells was significantly
lower (P < 0.0001) than that in control group (89±3.8 %).

Table 1. Primer Sequences

Gene
hsa-miR-330

Sequence (5’-3’)
Target sequence

E2F1

Forward
Reverse

362

CUUUGGCGAUCACUGCCUCUCUGGGCCUGUGUCUUAGGCUCUGCAAGA
UCAACCGAGCAAAGCACACGGCCUGCAGAGAGGCAGCGCUCUGCCC
GACGTGTCAGGACCTTCGTA
GACCAAAACAGCGAGGAAGC
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Figure 4. The Effect of miR-330 Replacement on the Viability of Breast
Cancer Cells. The data are presented as mean ± SD (n = 3); ****P < 0.01
versus empty vector-transfected control cells (CTRL).

Figure 2. PCMV-miR-330 Construct Replaced into MCF-7 Cells. HsamiR-330 (2A) and miRNA empty vector (2B) expressions were confirmed
by imaging with cytation 5 system in GFP channel. In addition, miR-330
level elevated in miR-330 stable cells compared to controls (2C). Data
are presented as mean ± SD (n = 3); ****P < 0.001 versus empty vectortransfected control cells (CTRL).

Figure 3. The Effect of miR-330 Induction on E2F1 mRNA in Breast Cancer
MCF-7 Cell Line. E2F1 expression Levels decreased in miR-330 replaced
cells (miR-330) compared with empty vector control (CTRL). Data are
presented as mean ± SD. **P < 0.01 versus empty vector control.

hsa-miR-330 Decreased MCF-7 Cell Migration
After transfection (the 0 time point), the number of
migrated cells in hsa-miR-330 transfected cells and control
MCF-7 cells did not show any significant difference.
However, it was observed that the mean number of cells
migrated to the wound area 24 hours after wounding
was 75±4.5 in hsa-miR-330 transfected cells, which was
significantly lower (P < 0.01) compared to migrated cells
in control MCF-7 cells (163±7). Moreover, the mean
number of migrated cells after 48 hours was 242±10.4
in hsa-miR-330 transfected cells and it was 613±25.9 in
control cells, which was significantly different (P < 0.01;
Figure 5A and 5B).
Discussion
miRNAs are prominent key regulatory molecules, which
regulate biological process including proliferation,
differentiation, apoptosis, migration and many

pathological processes, especially in cancer (19). Aberrant
miRNA expression is closely linked to different human
diseases like cancer (4). Moreover, numerous studies on
breast cancer have been conducted to clarify their specific
roles as well as their targets; however, the expression
level, function, and target of some miRNAs in breast
cancer remain unclear (4,20). Previous cancer studies
on hsa-miR-330 indicated that this miRNA could act as
either tumor suppressor or oncogenic miRNA (14,21).
Meng et al suggested that hsa-miR-330 might function
as an oncomiR in human esophageal cancer (22). On
the contrary, Tréhoux et al reported miR-330-5p and
miR-29a as tumor suppressor miRNAs in pancreatic
cancer cells (23). Specific searching in Human miRNA
Expression Database (miRmine, University of Michigan)
demonstrated that the expression level of hsa-miR-330
was decreased in tumor tissues compared with the normal
tissue from patients with breast cancer. These results
confirm the role of hsa-miR-330 as a tumor suppressor in
breast cancer.
The results of this study showed that hsa-miR-330 could
inhibit the migration of cancer cells. Hsa-miR-330 was
induced in MCF-7 cell line by transfection of GFP-pCMVmiRNA construct. In addition, the hsa-miR-330 induction
was confirmed to be increased 10 folds compared with the
empty miRNA vector group. According to the results of
the wound healing assay, hsa-miR-330 could inhibit cell
migration in breast cancer cell lines. Furthermore, the
results indicated that hsa-miR-330 transfection could
inhibit cell migration by about 44% in 24 hours; however,
the inhibition in 48 hours was 39%. These results suggest
that miRNA replacement could exert an inhibitory effect
on cell migration in a time-dependent manner.
The results of MTT assay revealed that hsa-miR-330
could significantly reduce breast cancer cell proliferation.
More than 80% reduction in the growth of breast cancer
cells implies that this miRNA has a beneficial role in
inhibiting cancer cell proliferation. Similarly, Lee et al
demonstrated that miR-330 serves against proliferation in
prostate cancer cells (16). On the other hand, our results
are in contrast to the study by Qu et al who observed hsamiR-330 overexpression in glioblastoma promoted cellular
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Figure 5. The Effect of PCMV-miR-330 Construct on Breast Cancer cell Migration. The stable hsa-miR-330 expressed cells were scratched and the scratch
area was observed after 24 and 48 hours using inverted microscopy [as explained in the Methods section] (5A). The number of cells migrated into the scratch
area was counted and the number of miR-330-induced cells was compared with that of the control group (empty pCMV vector) at 0, 24 and 48 hours (5B).
Data are presented as means ± SD (n = 3); **P < 0.01 versus empty vector controls.

proliferation, migration, and invasion by regulating
SH3GL2 gene (known as oncomiR) (21). Moreover, Liu
et al showed miR-330 targets early growth response 2
(EGR2), and could, therefore, control cell proliferation
in non-small-cell lung cancer (24). It was also reported
that miR-330 could modulate CTNNB1 expression and
this cause the suppression of IL-22-induced keratinocyte
proliferation (25). Furthermore, the suppression of
migration has been detected in the miR-330 induced cells,
but this might be the significant role of miRNA in cancer
cells. The results of the current study are in line with
the study by Kim et al, who demonstrated the potential
inhibitory effect of miR-330-5p on the proliferation and
migration of keratinocytes in mouse (26). Additionally,
they showed that these effects might be directly mediated
by miR-330-5p as a regulatory factor in Pdia3 mRNA.
The results are still inconclusive with respect to the exact
function of hsa-miR-330 in inhibiting tumor progression.
The result of E2F1 gene expression showed that the
relative expression of this gene was significantly decreased
in miR-330 transfected cells compared with the control
group. Moreover, hsa-miR-330 could decrease E2F1 level
by targeting the corresponding mRNA. Studies confirmed
that overexpression of E2F1 was linked to ontogenesis and
neoplastic transformation (27). Previous studies showed
the inhibition of cell proliferation and migration through
silencing E2F1 gene by specific siRNA (28). E2F1, in turn,
activates downstream factors and results in proliferation
and migration of cancer cells (29). It was observed that E2F1
induced cancer cell proliferation by upregulating cyclin
E and A2 (30). E2F1 also induced cancer cell migration
by regulation of E-cadherin, N-cadherin, vimentin, and
snail (31, 32). It seems that abnormal expression of hsa364

miR-330 can participate in tumor pathology; hence,
therapeutic approaches targeting this molecule could have
positive effects, at least in breast cancer.
Conclusions
The conducted experiment suggests that hsa-miR-330
replacement exerts antiproliferative and anti-migrative
effects on breast cancer cell lines, which possibly occurs
through the inhibition of E2F1 expression. The results
of the current study shine a light on the outstanding role
of hsa-miR-330 and its target, E2F1, in breast cancer.
Therefore, the results suggest that hsa-miR-330 has
potential tumor-suppressive effects on breast cancer cells
and might also be therapeutically useful in the treatment
of patients with breast cancer in the near future.
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