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Alterations of microRNAs are associated with impaired
growth of MCF-7 breast cancer cells induced by
inhibition of casein kinase 2
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Abstract: Background and aim: Protein Kinase (casein kinase 2, CK2) is a pleiotropic serine-threonine kinase that
is frequently dysregulated in many human tumors; microRNAs (miRNAs) are a class of small noncoding RNAs which
play important roles in human cancers. This study aimed to investigate the role of CK2 and miRNA expression in
breast cancer. Methods: Casein kinase 2 in MCF-7 breast cancer cell line was inhibited by the CK2 inhibitor TBB
(4,5,6,7-tetrabromobenzotriazole), then cell proliferation was studied using MTT assay, and cell cycle distribution
and apoptosis were detected by flow cytometry. The alteration of microRNAs expression profile was determined by
microarray technology, followed by RT-PCR confirmation. Results: Here, we for the first time showed that inhibition
of CK2 in MCF-7 breast cancer cells causes suppressed cell growth, which was related with dysregulation of the
miRNA profile and altered expression. CK2 inhibition induced the up-regulated expression of 17 miRNAs and 10
down-regulated microRNAs which contributed to the impaired growth, inhibited cell cycle progress and increased
apoptosis of MCF-7 cells by a CK2 inhibitor. Conclusions: These findings highlight the potential role of dysregulated
miRNA expression regulated by CK2 in breast cancer.
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in human cancer cell lines and solid cancer tis-
sues [4].

Introduction

Breast cancer is the leading cause of cancer
death for women worldwide. It is estimated that
232,620 new cases and 39,970 deaths in
2011 in the United States [1]. Despite advanc-
es in early detection and treatment of breast

MicroRNAs (miRNAs) are a class of evolution-
arily conserved small non-coding RNAs that
control gene expression by targeting mRNAs for
translational repression or cleavage [5]. Studies

cancer, our understanding of the molecular
mechanism that governs the progression of
breast cancer remains fragmentary.

Casein kinase 2 (CK2) is a ubiquitous eukary-
otic serine and threonine protein kinase which
consists of two catalytic subunits  and (or) o’
and two regulatory subunits (3 [2]. As a heterolo-
gous tetramer, CK2 has three isoforms, includ-
ing a2p2, a’2B2 or ax'B2. It has been proved
that CK2 plays a pivotal role in the regulation of
cellular survival, growth, proliferation as well as
apoptosis through phosphorylating a variety of
substrates [3]. CK2 is involved in processes
such as proliferation, apoptosis and embryonic
development, and is found to be overexpressed

have shown that miRNAs have critical functions
in regulating cellular differentiation, prolifera-
tion and apoptosis and deregulation of miRNAs
often alter the normal cell growth and develop-
ment, leading to a variety of disorders including
human cancer [6-8]. Aberrant expression of
miRNAs has been well documented in a variety
of human cancers including breast cancer [9].
Recent findings have shown that miR-21, miR-
29b-2 and miR-27a/b were upregulated, while
miR-125b, miR-145, miR-10b, miR-155 and
miR-17-5p were downregulated in breast can-
cers compared with normal tissues [10].

In the present study, we analyzed the role of
CK2 and its correlation with miRNA in human
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Figure 1. Growth inhibition of MCF-7 cells by the CK2
inhibitor TBB. MCF-7 cells (5000/well) were plated
into 96-well plates. After incubation overnight, cells
were treated with TBB with various concentrations
for 24 and 48 hours. Cell viability was determined by
MTT assay. Results are expressed as means + SEM
of five samples. *P < 0.05; #P < 0.01; §P < 0.001
versus control (O uM).

breast cancer cell line MCF-7 cells, and the
study for the first time shows that inhibition of
CK2 in MCF-7 cells induced changes in cell via-
bility, cell cycle and apoptosis and these chang-
es correlated with the deregulation of miRNA
expression.

Materials and methods
Cell culture

The human breast cancer cell line MCF-7 was
obtained from the Cell Bank of Type Culture
Collection of Chinese Academy of Sciences
(Shanghai, China). Cells were maintained in
DMEM (Gibco, Carlsbad, CA, USA) supplement-
ed with 10% fetal bovine serum (FBS; Gibco,
Grand Island, NY, USA) in a humidified incuba-
tor at 37°C under a 5% CO, atmosphere.

TBB treatment

The CK2 inhibitor 4,5,6,7-tetrabromo-2-azaben-
zimidazole (TBB) was purchased from the
Sigma-Aldrich Company (Sigma, St. Louis, MO,
USA). TBB was dissolved in 100% dimethylsul-
phoxide (DMSO; Sigma) to make a stock solu-
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tion of 10 mM, which was then diluted in cul-
ture medium to obtain the desired
concentrations of 50, 100 and 200 yM. DMSO
diluted in culture medium at the final percent-
age of 0.05% without TBB was designated as O
UM. Untreated cells were incubated in the cul-
ture medium without any additives. Except for
the cell proliferation assay, cells were treated
with or without TBB for 48 hours, after which
total RNA or protein was extracted and flow
cytometry was carried out.

Cell viability assay

Cell viability was measured by using MTT assay.
Exponentially growing MCF-7 cells were digest-
ed by 0.25% trypsin for 1-2 min, and washed
thrice with PBS. Then 5x102 cells in 100 ul cul-
ture medium were plated in 96-well plates fol-
lowed 12 hours later by addition of TBB at the
final concentration of 0, 50, 100 and 200 uM.
At the indicated time points (24 h, 48 h), the
medium was aspirated and each well was
added with 100 pl serum-free DMEM and 10 pl
tetrazolium compound MTT (Sigma) and incu-
bated at 37°C for 4 h. Then the supernatant
was discarded, 100 pyl DMSO (Sigma) was
applied to each well, and the plate was softly
shaken for 10 min. Absorbance was measured
at 450 nm with a reference wavelength of 630
nm on a spectrophotometer (Molecular
Devices, Sunnyvale, CA). Cell viability was
assessed as percent cell viability in terms of
untreated control cells, which were determined
for each concentration by use of the following
equation: %viability = ODexperiment/omomml><100%.
Negative control cells were considered as
100% viable. All experiments were repeated in
five times.

Cell cycle and apoptosis analysis by flow
cytometry

After treatment of MCF-7 cells with TBB for 24
h, cells were harvested and immediately fixed
in 75% ethanol at 4°C overnight, treated with
50 mg/L RNAse A (Sigma, St. Louis, MO, USA)
for 30 min at 37°C, and stained with 50 mg/L
Pl (Sigma) for 10 min. Samples were then ana-
lyzed for their DNA content by a FACSAria Cell
Cytometer (BD Biosciences, San Jose, CA,
USA). Apoptosis analysis was performed by
using a Annexin V-FITC KIT (Bender, Burlingame,
CA, USA) according to the manufacturer’s
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Figure 2. TBB affects apoptosis and the cell cycle of MCF-7 cells. MCF-7 cells were treated with TBB at various con-
centrations for 24 hours. A-1. Cell cycle distribution of MCF-7 cells was examined by PI staining and flow cytometry
synchronized by serum starvation. A-2. Treatment of MCF-7 cells with 0-200 uM of TBB for 24 h resulted in arrest
in the GO/G1 phase and shortening of the S phase in a dose-dependent manner. B-1. Each was performed in tripli-
cate. P < 0.05 and #P < 0.01 versus control (O uM TBB). Apoptosis of MCF-7 cells treated with TBB for 24 hours was
detected by annexin V and Pl staining using FACS analysis. B-2. The percentage of cells that were annexin V positive
but PI negative was compared among different groups. Results visualized as a representative experiment (above)
or means + SEM of 3 experiments (below). *P < 0.05 and #P < 0.01 versus control (O uM TBB).

instructions. The percentage of cells that were
annexin V positive but Pl negative was com-
pared among the different treatment groups.
Each experiment was performed in triplicate.
The data were analyzed with CellQuest soft-
ware (BD Biosciences).

CK2 activity detection

MCEF-7 cells were with TBB at the concentration
of 0, 50, 100 and 200 uM for 24 h, respective-
ly. CK2 activity was determined using a CK2
Kinase assay kit (MBL, Woburn, MA) according
to the manufacturer’s instructions. Each experi-
ment was performed in triplicate.

microRNA expression analysis
MCEF-7 cells were treated with the DMSO or 100

UM for 24 h and total RNA was harvested using
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TRIzol (Invitrogen) and miRNeasy mini kit
(QIAGEN) according to the manufacturer’s
instructions. Total RNA (10 ug) was size frac-
tionated (< 200 nucleotides) by using a mirVa-
na kit (Ambion Inc., Austin, TX) and labeled
using the miRCURY™ Hy3™/Hy5™ Power label-
ing kit and hybridized on the miRCURY™ LNA
Array (v.16.0). The slides were scanned using
the Axon GenePix 4000B microarray scanner.
Scanned images were then imported into
GenePix Pro 6.0 software (Axon) for grid align-
ment and data extraction. Data adjustments
included data filtering, log, transformation, and
gene centering and normalization. The t test
analysis was conducted between TBB-treated
MCEF-7 cells and control, and miRNA with P val-
ues < 0.05 were selected for cluster analysis.
The clustering analysis was done using a hierar-
chical method and average linkage and
Euclidean distance metrics [11].

Int J Clin Exp Pathol 2014;7(7):4008-4015
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Figure 3. Effect of TBB on CK2 activity in MCF-7 cells.
MCEF-7 cells were treated with TBB at the indicated
concentration for 24 hours and cell lysates (5 ug)
were used for measuring CK2 activity as described
in Materials and methods. The data (mean + SEM)
are expressed as percent CK2 activity compared with
DMSO (O uM) treated control cells. *P < 0.05 and #P
< 0.01 versus control.

Quantitative real-time PCR analysis for miRNA
expression

MCEF-7 cells were treated with the DMSO or 100
uM for 24 h and miRNA-enriched total RNA was
extracted using the mirVana miRNA isolation kit
(Ambion Inc., Austin, TX). Quantification of miR-
NAs was performed using TagMan MicroRNA
Assays (Applied Biosystems, Foster City, CA) fol-
lowing the  manufacturer’'s instructions.
Reactions contained mirVana qRT-PCR Primer
Sets (Ambion) specific for human miR-21, miR-
29b-2, miR-27a/b, miR-125a/b, miR-145 and
miR-205. U6 RNA was used for normalization of
mMiRNA expression. Analysis was carried out
using the comparative threshold cycle (Ct) meth-
od. The results are presented as fold change of
each miRNA in the TBB-treated MCF-7 cells rela-
tive to DMSO-treated (control).

Statistical analysis

GraphPad Prism version 5.03 (GraphPad, San
Diego, CA, USA) was used for all statistical analy-
ses. All data are expressed as mean + SEM.
Differences between groups were analyzed by a
2-tailed Student’s paired t-test for single com-
parisons and by one-way ANOVA with LSD post-

4011

hoc test for multiple comparisons. Bonferroni’'s
correction was used to adjust for multiple com-
parisons. A P value < 0.05 was considered to
be statistically significant.

Results
TBB suppresses the growth of MCF-7 cells

To examine whether inhibition of CK2 would
affect the viability of MCF-7 cells, cells were
treated with varying concentrations of the CK2
inhibitor TBB for 24, 48 h and the cell viability
was evaluated by MTT assay. As shown in
Figure 1, increasing TBB concentration and
treatment time resulted in a progressive inhibi-
tion of MCF-7 viability. The first significant
reduction was observed at the concentration of
100 pM after incubating with TBB for 24 h, with
an inhibition of 54.65% (P < 0.05). These results
demonstrated that TBB suppressed growth of
MCF-7 in a dose-dependent manner, suggest-
ing TBB had a potent inhibitory effect on the
growth of MCF-7 cells. The treatment time point
of 48 h was therefore selected for further
studies.

TBB affects cell cycle and apoptosis of MCF-7
cells

We performed PI staining and flow cytometry to
define the cell-cycle distribution of TBB-treated
MCF-7 cells (Figure 2A-1). Treatment of MCF-7
cells with 0-200 uM of TBB for 24 h resulted in
arrest in the GO/G1 phase and shortening of
the S phase in a dose-dependent manner
(Figure 2A-2). Apoptosis rate was determined
by double staining of Annexin-V FITC and PI
using flow cytometry assay. Apoptotic cells
were determined as those cells that were
annexin V positive, but Pl negative (Figure
2B-1). The percentage of apoptotic cells
increased with the elevated concentration of
TBB as compared with the negative control
after TBB treatment of MCF-7 cells for 24 hours
(Figure 2B-2). The effects initially became sig-
nificant at TBB concentrations of 100 yM or
higher. These data were consistent with the
previous results that 100 and 200 uM TBB
treatment for 24 hours significantly inhibited
the proliferation of MCF-7 cells. Taken together,
these results suggest that decreased DNA syn-
thesis (S phase) and increased apoptosis
induced by TBB contributed to the impaired
viability of MCF-7 cells treated with TBB.

Int J Clin Exp Pathol 2014;7(7):4008-4015
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Table 1. The effect of TBB on miRNA expression in

MCEF-7 cells
MicroRNA Fold change P-value
Upregulated hsa-miR-24 3.31 0.030
hsa-miR-181a 5.60 0.031
hsa-miR-101 4.82 0.002
hsa-miR-3607-3p 11.86 0.038
hsa-miR-320a 3.74 0.002
hsa-miR-15a 10.57 0.027
hsa-miR-205 4.47 0.013
hsa-miR-331-3p 4.52 0.004
hsa-miR-145 4.89 0.016
hsa-miR-125b 9.99 0.009
hsa-miR-125a 8.93 0.002
hsa-miR-3607-5p 10.63 0.048
hsa-miR-93 8.81 0.046
hsa-miR-652 4.75 0.038
hsa-miR-191 26.94 0.047
hsa-miR-23b 3.70 0.003
hsa-miR-27-b 2.21 0.048
Downregulated hsa-miR-634 0.22 0.002
hsa-miR-29b-2 0.12 0.019
hsa-miR-21 0.20 0.012
hsa-miR-593 0.35 0.027
hsa-miR-302¢ 0.08 0.016
hsa-miR-625 0.33 0.043
hsa-miR-27-a 0.33 0.021
hsv1-miR-H14-3p 0.16 0.001
ebv-miR-BART8 0.30 0.019
hsa-miR-3195 0.18 0.016

MCEF-7 cells were treated with 100 uM TBB or DMSO for 24 h

and microRNA expression array analysis was performed. Only
those microRNAs whose expression differences with a P-value
of less than 0.05 among TBB-treated and DMSO treated cells

were presented.

Confirmation of the inhibition of CK2 activity by
TBB in MCF-7 cells

MCF-7 cells treated with various concentra-
tions of TBB for 24 h were assessed for the

CK2 activity.

As shown in Figure 3, TBB treatment greatly
reduced the CK2 activity in a dose-dependent
manner. A significant reduction was observed
at 100 and 200 yM of TBB treatment. These
data were consistent with the previous results
that treatment with 100 and 200 uM TBB for
24 h significantly inhibited the growth and pro-
moted the apoptosis of MCF-7 cells.
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TBB regulates the expression profile of miR-
NAs in MCF-7 cells

To test whether TBB affected the miRNA expres-
sion of MCF-7 cells, miRNA microarray was per-
formed to analyze the miRNA expression pro-
files of MCF-7 cells 24 h after treatment with
either TBB (100 uM) or vehicle control DMSO.
We identified 27 miRNA genes (17 up-regulated
and 10 down-regulated) that were differentially
expressed (P < 0.05) in the MCF-7 cells treated
with TBB compared with vehicle control (Table
1). Cluster analysis based on differentially
expressed miRNA, generated a tree with clear
distinction between TBB and control groups
(Figure 4A). The results obtained by miRNA
microarray analysis were independently con-
firmed by the qR-TPCR. We analyzed the status
of differentially expressed miR-21, miR-29b-2,
miR-27a/b, miR-125a/b, miR-145 and miR-205
genes in MCF-7 cells treated with TBB or vehi-
cle control. The gRT-PCR confirmed the data
obtained by microarray analysis (Figure 4B).
These results suggest that inhibition of CK2 by
TBB alters the expressions of these microR-
NAs, which may be related with the suppressed
growth of MCF-7 cells.

Discussion

Casein kinase 2 (CK2) is a highly conserved
and ubiquitous protein Ser/Thr kinase localized
in the nuclear and cytoplasmic compartments
in the eukaryotic cell [2]. Over-expression of
CK2 has been documented in various cancers
including breast cancer [12, 13]. Recently a
very selective cell-permeant inhibitor of CK2,
4,5,6,7-tetrabromobenzotriazole  (TBB) has
been available for investigating the biological
functions of this kinase [14]. Downregulation of
CK2 activity by means of chemical inhibition, as
well as antisense oligodeoxynucleotide, RNAI,
or overexpression of exogenous kinase-inactive
CK2 can induce apoptosis in cancer cells [15,
16]. In this work, we have exploited TBB to gain
information about the role of CK2 in MCF-7
cells. We found that inhibition of CK2 activity in
MCF-7 cells significantly impaired cell prolifera-
tion, inhibited cell cycle progression and pro-
moted apoptosis. These data suggest that CK2
is required for the survival of MCF-7 cells.

MicroRNAs (miRNAs) are an evolutionarily con-
served class of pleiotropically acting small
RNAs that regulates gene expression post-tran-

Int J Clin Exp Pathol 2014;7(7):4008-4015
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Figure 4. MicroRNA dysregulation in the MCF-7 human breast adenocarcinoma cells treated with 100 uM TBB for
24 h. A. Hierarchical clustering of the differentially expressed miRNA genes (as determined by ANOVA) in the MCF-
7 cells after being treated with 100 uM TBB or DMSO for 24 h. Rows, miRNA; columns, independent biological
replicates. Red indicates high expression and green indicates low expression. Each miRNA listed is significantly
differentially expressed (P < 0.05) between TBB and control (DMSO). B. gRT-PCR analysis of the differentially ex-
pressed miRNA in the TBB and DMSO MCF-7 cells. Values are fold increase compared to DMSO for each miRNA.
Values are the average of three means + SEM. *P < 0.01, TBB versus control.

scriptionally via sequence-specific interactions
with the 3’ untranslated regions (UTRs) of cog-
nate mRNA targets [17]. Deregulation of
microRNA expression has been observed in
various tumor types, including breast cancer
[18]. miRNAs can function as tumor suppres-
sors or oncogenes, depending on whether they
specifically target oncogenes or tumor suppres-
sor genes [19]. In this regard, tumor suppres-
sive miRNAs are usually underexpressed in
tumors. For instance, miR-125a/b, miR-145
and miR-205 are downregulated in breast can-
cer. In contrast, oncogenic miRNAs, such as
mir-21, mir-29b-2, mir-27a/b, are overex-
pressed in breast tumors [9]. In this study, we
found that CK2 inhibition by the inhibitor TBB
significantly altered microRNA expression pro-
file of MCF-7 breast cancer cells: the expres-
sion of oncogenic miRNAs, such as mir-21, mir-
29b-2, mir27a were suppressed, while
suppressive  miRNAs mir-27b, miR-125a/b,
miR-145 and miR-205 were overexpressed.
These data demonstrate that dysregulation of
MiRNA expression is associated with inhibited
growth induced by CK2 inhibition in MCF-7
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cells. Specifically, miR-21 was reported to be
consistent and significant increased expres-
sion in breast cancer cell lines and human tis-
sue when compared with normal cells and tis-
sues [20]. The tumor-suppressor gene
programmed cell death (PDCD)4 was target for
miR-21, which downregulates PDCD4 at the
MRNA and protein level [21]. In the present
study, inhibition of CK2 leads to the decreased
expression of miR-21, resulting in enhancing
expression of PDCD4, which thus caused the
increased apoptosis of MCF-7 cells by CK2 inhi-
bition. In addition, miR-27a is upregulated in
breast cancer, and target ZBTB10, which
represses the specificity protein 1 (SP1) tran-
scription factor that plays a role in the GO-G1
to S phase progression in breast cancer cells.
Our data suggest that CK2 inhibition caused
the suppressed cell cycle progression of MCF-7
cells is related with the decreased expression
of miR-27a.

Although biological functions of microRNAs are

being studied extensively, studies about mech-
anism controlling their expression are rarely

Int J Clin Exp Pathol 2014;7(7):4008-4015
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explored. Our data suggest that CK2 plays an
important role in regulation of microRNAs
expression in breast cancer cell line MCF-7
cells. Considering CK2 can phosphorylates a
great number of substrates such as transcrip-
tional factors, the possible mechanisms of
CK2-regulated expression of microRNAs includ-
ing CK2-inducible expression of mRNA-encod-
ing genes that harbor microRNA genes in their
intronic regions, CK2 regulates the expression
of transcription factors that control the expres-
sion of microRNAs. For instance, it is reported
that p53 can bind to distinct microRNA promot-
er elements and modulate microRNA gene
expression [22], and p53 was one of phosphor-
ylated substrates of CK2 [23], thus it is fully
possible that CK2 would affect microRNAs
expression via phosphorylating p53. However,
further studies need to be carried out to con-
firm this assumption.

In summary, our data demonstrate that CK2
inhibition would suppress the growth and
enhance the apoptosis of breast cancer cells
by altering the miRNA expression, providing a
substantial basis for exploring the role of CK2
in maintaining microRNAs properties as well as
deepening our understanding the biological
functions of CK2. Moreover, further study of the
functions of these CK2-associated microRNAs
will clarify the exact mechanisms.
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