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Abstract Silibinin is a natural polyphenol with high
antioxidant and anticancer properties, which causes
cell cycle arrest and apoptosis in most cancer cell
types including breast cancer, but the in-line mecha-
nisms, are still unknown. Silibinin significantly down-
regulated oncomiR miR-21 expression in breast
cancer cells. Here the effect of anti-miR-21 on cell
viability, apoptotic induction, cell cycle distribution,
and the expression levels of downstream targets of
miR-21 were investigated in MCF-7 and T47D cells.
MiR-21 mimic transfection was also applied in
silibinin treated samples to evaluate functional role
of miR-21downregulation on silibinin effects. It was
found that after anti-miR-21 transfection, no signifi-
cant changes were detected in cell viability, apoptosis
(except early apoptosis), and cell cycle in MCF-7 and
T47D cells. Compared to silibinin, miR-21 mimic
transfection in combination with silibinin caused a
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slight modulation in some of the examined silibinin
effects including apoptosis, Bcl2 mRNA and PTEN
mRNA and protein levels. Silibinin slightly changed
luciferase activity from reporters containing the miR-
21 recognition elements from PTEN-3'UTR and Bcl2-
3'UTR in both cell lines. Together these data demon-
strated negligible cancer-progression impact of miR-
21 and limited roles of miR-21 downregulation in
examined silibinin effects, and strengthened the anti-
cancer pathways of silibinin other than miR-21down-
regulation in MCF-7 and T47D cells.

Keywords Anti-miR-21 - Apoptosis - Breast
cancer - MiR-21 mimic - Silibinin - PTEN

Abbreviations
ERa* Estrogen receptor alpha positive
ERa™ Estrogen receptor alpha negative

PTEN Phosphatase and tensin homolog
SNORD-47  Small nucleolar RNA 47
PDCDA4 Programmed cell death protein 4

TM1 Tropomyosine 1

PMSF Phenyl methyl sulfonyl fluoride
Introduction

Accumulating evidence suggests that natural agents

open up a new avenue for successful treatment of
cancers, especially in combination with conventional
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therapeutics (Asad et al. 1998). The ideal anticancer
agent would exert minimal adverse effects on normal
cells with maximal capacity to induce apoptosis in
tumor cells. Natural flavonoids are potent anticancer
agents because they have the aforementioned out-
come. Moreover, they target multiple signaling path-
ways in cancer cells (Chahar et al. 2011; Sak 2014).
Silibinin is a polyphenolic flavonolignan, isolated
from milk thistle (Silybum Marianum), that has long
been used for its hepatoprotective (antihepatotoxic)
properties and protection of liver cells against toxins.
It has been well documented that silibinin inhibits
growth and proliferation of various cancer cells by
inducing apoptosis and cell cycle arrest (Sharma et al.
2003; Deep and Agarwal 2007; Verschoyle et al. 2008;
Tiwari et al. 2011). Previous studies have shown that
silibinin inhibits the migration and adhesion capacity
of MDA-MB-231 breast cancer cells by affecting b1-
integrin and downstream molecules; Cdc42, Raf-1 and
D4GDI (Mokhtari et al. 2008) and initiates apoptosis
and cell cycle arrest that involves the activation of
caspase-8, mitochondrial apoptotic pathway, along
with the Bcl-2 downregulation and PTEN upregula-
tion (Li et al. 2008; Tiwari et al. 2011).

Cancer is a complex genetic disease, involving the
structural and expression abnormalities in both coding
and non-coding genes (Ling et al. 2013). MicroRNAs
(miRs) are a class of naturally occurring, small, non-
coding RNA molecules, distinct from small interfering
RNAs (siRNAs). MicroRNAs recognize target RNAs
via direct base-pairing and recruit effector complexes
to modulate their gene expression in a sequence-
specific manner, which can dictate the functional
outcome. Perfect base pairing of miRNA to its target
can lead to mRNA cleavage and decay, while partial
base pairing to target sites can lead to mRNA de-
adenylation, translational regulation, primarily mRNA
translation silencing, or upregulated expression in
response to specific cellular conditions, sequences and
co-factors (Bartel 2004; Vasudevan 2012). Aberrant
miRNA expression has been linked to different
diseases, including breast cancer (lorio et al. 2005;
Shenouda and Alahari 2009; Ranji et al. 2013). miR-
21, identified as an ‘oncomiR’, is the most signifi-
cantly upregulated miRNA in breast tumor biopsies
(Mattie et al. 2006; Si et al. 2007), and significantly
higher in ERa™ than ERa~ breast tumors (Sempere
et al. 2007). MCF-7 and T47D cell lines are both ERa™
and have upregulated miR-21 expression (lorio et al.
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2005), suggesting that miR-21 may potentially act as
oncogene in these cell lines. MiR-21 inhibits some of
the most important tumor suppressors, including
PTEN, PDCD4, and TM1 and Bcl2 as an antiapoptotic
gene in different tumors (Zhu et al. 2008; Wickra-
masinghe et al. 2009; Teng et al. 2013). Our previous
studies have shown that silibinin caused upregulation
of PTEN (one of the inducers of apoptosis and cell
cycle arrest (Weng et al. 2001)) in MCF-7 and MCF-
10A cells and downregulation of Bcl2 in MCF-7,
T47D, and MCF-10A cell lines (Jahanafrooz et al.
2016), and caused downregulation of miR-21 in MCF-
7 and T47D cells (Zadeh et al. 2015, 2016). Anti-miR
oligonucleotides (ONs), capable of forming comple-
mentary base pairs with the guide strand of miRNAs,
have proven to be of great value in recent years as tools
to understand microRNA action and as potential
therapeutics as well (Kriitzfeldt et al. 2005; Esau
2008; Lee and Dutta 2009; Cheng et al. 2015).

In the present study, we investigated the effect of
miR-21 modulation by anti-miR-21 and miR-21mimic
oligonucleotide transfection in silibinin-untreated and
silibinin-treated samples, respectively, in order to
determine whether one of the anti-cancerous pathways
of silibinin is via miR-21 inhibition in MCF-7 and
T47D cell lines. To specify the effect of silibinin on
miR-21 targets, luciferase reporter assay was also
performed.

Materials and methods
Cell culture

MCE-7 (human breast adenocarcinoma cell line) and
T47D (human ductal breast epithelial tumor cell line)
cells were obtained from the National Cell Bank of
Iran (Tehran, Iran). These cell lines were cultured in
RPMI-1640 medium, supplemented with 10% FBS
and 1% penicillin/streptomycin (pen/strep) antibiotics
(all three from Gibco by Life Technologies™, Pais-
ley, Scotland, UK) at 37°C in 5% CO, under 90-95%
humidity. MCF-10A (non-cancerous human breast
epithelial cell line) cells were cultured in DMEM/F12
(GibcoTM, Grand Island, NY, USA), supplemented
with 15% FBS, 10 pg/ml insulin (Sigma-Aldrich, St.
Louis, USA), 100 pg/ml hydrocortisone (Sigma-
Aldrich Chemie GmbH, Steinheim, Germany) and
1% pen/strep antibiotics at 37°C in 5% CO, under
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90-95% humidity. Silibinin (Sigma-Aldrich Chemie
GmbH, Taufkirchen, Germany) was dissolved in
dimethyl sulfoxide (Sigma-Aldrich, St. Louis, USA)
and the amount of DMSO never exceeded 0.2% (v/v)
in the whole experiment.

Cell transfection

For the transfection of anti-has-miR-21 (Exiqon,
Woburn, MA, USA), miR-21 mimic (Qiagen Inc.,
Valencia, CA, USA), and negative control or scram-
bled miR control (3'-fluorescein labeled, Exiqon,
Woburn, MA, USA), 2 x 10* cells were transfected
with 25 pmol of anti-has-miR-21 and 5 pmol of miR-
21 mimic with 0.75 pl of lipofectamine 2000 (Invit-
rogen by Life TechnologiesTM, Carlsbad, California,
US) in 24-well plates in antibiotics and FBS-free
medium. The above-stated amount of each oligonu-
cleotid can yield an oligonucleotid concentration of
50 nM for anti-miR-21 and 10 nM for miR-21 mimic
and scrambled, according to manufacturers’ instruc-
tions. After 10 h, the medium was completely
replaced. Efficiency of transfection in MCF-7 and
T47D cells was determined by transfecting scrambled
miR control using lipofectamine 2000 (Bakhshandeh
et al. 2012). After 10 h of incubation, the cells were
visualized by fluorescence microscopy (micros
MCXI1600, Sankt Veit an der Glan, Austria). Cellular
uptakes of lipofectamine/fluorescein labeled-scram-
bled were also quantified by flow cytometry (BD
Biosciences, San Jose, CA, USA). After washing
twice with PBS, the cells were trypsinized and
centrifuged for 4 min at 1200xg. The resuspended
cells were fixed by 4% paraformaldehyde and ana-
lyzed using a 2-beam laser FACS Calibur and
CellQuest software.

Cell viability investigation

To evaluate miR-21s role on the cell proliferation and
viability, propidium iodide or PI (Sigma-Aldrich
Chemie GmbH, Steinheim, Germany) assay was
applied after 48 h of incubation. The effect of
lipofectamine 2000/scrambled complex on cell via-
bility was also evaluated with PI assay. PI uptake is
rejected by viable cells but can penetrate the mem-
branes of dead cells (Riccardi and Nicoletti 2006).The
reverse indicator effect of PI on the cell viability was

assayed by flow cytometry (BD Biosciences, San Jose,
CA, USA) to quantify the exact number of viable cells.

miRNA and RNA extraction and quantitative RT-
PCR analysis

At the end of incubation time (48 h), the miRNA
extraction and cDNA synthesis of each sample was
performed using a slightly modified QIAzol RNA
extraction protocol (Qiagen, Austin, TX, USA) to
increase the miRNA yield as described previously
(Mohammadi-Yeganeh et al. 2013). Total RNA
extraction and cDNA synthesis was also performed
according the method, described in our previous work
for each sample at 48 h (Jahanafrooz et al. 2016). We
designed a set of primers of mature miR-21, on the
basis of stem loop methodology (Chen et al. 2008;
Naderi et al. 2015) with some modifications, and
snord-47 was used as a housekeeping gene. The
specific primers for cDNA synthesis and RT-PCR of
miR-21 and snord-47 are described in Table 1. The
specific primers for PTEN, Bcl2, and GAPDH (as an
internal control) were the same as in our previous work
(Jahanafrooz et al. 2016). To assess the alterations of
miR-21, PTEN, and Bcl2 transcriptions for each
sample type, the real-time PCR reactions were
performed using RealQ PCR 2X Master Mix with
Green Dye (A320799, Ampligon, Odense M, Den-
mark), in Rotor-Gene 6000 Real-Time Thermal
Cycler (Corbett Research, Sydney Australia). Statis-
tical analysis of the primer efficiencies was done by
LinReg PCR software (Amsterdam, Netherlands,
Version 2012.0). The relative transcriptions were
evaluated using 2722 method by “Relative Expres-
sion Software Tool” (REST 2009, Corbett Research,
Australia).

Western blot

Cells in different treatment groups were homogenized
in western blot analysis with the buffer, containing
1 M Tris—HCI (pH 8), 1% (v/v) Triton X-100, 0.5%
sodium deoxycholate, 0.1% SDS, 0.88% NaCl,
10%(v/v) glycerol and 1 mM PMSF. The homogenate
was then centrifuged at 12,000 rpm for 10 min at4 °C
and the supernatant was retained and preserved at
—80 °C for later use. Protein concentration was
determined using Bradford protein assay. Thirty
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Table 1 The sequences of Primers

Name of the primers Sequence

miR-21 (RT) GTCGTATGCAGAGCAGGGTCCGAGGTATTCGCACTGCATACGACTCAAC
miR-21 (F) ACAGTGCTAGCTTATCAGACT

miR-21 (R) AND snord-47 (R) GAGCAGGGTCCGAGGT

Snord-47 (RT) GTCGTATGCAGAGCAGGGTCCGAGGTATTCGCACTGCATACGACAACCTC
Snord-47 (F) ATCACTGTAAAACCGTTCCA

RT reverse transcriptase primer, F' forward primer, R reverse primer

micrograms of protein from each sample was sub-
jected to electrophoresis on 10% SDS-PAGE gel using
a constant electric current flow. Proteins were trans-
ferred to nitrocellulose membranes on a semi-dry
electrotransferring unit and incubated with PTEN
primary antibody (Cell Signaling Technology, Dan-
vers, MA, USA, 1:1000) in Tris-buffered saline
containing 0.1% Tween-20 (TBST) and 5% BSA
overnight at 4 °C. Then, the membranes were washed
and incubated with HRP-labeled second antibody
(Cell Signaling Technology, Danvers, MA, USA,
1:3000) in TBST for 2 h. Again the membranes where
washed and developed with Amersham™ ECL™
prime western blotting detection reagent (GE Health-
careLife Sciences, Little Chalfont, UK), in accordance
with the manufacturer‘s protocol. Chemiluminescence
signals were detected with the luminescence-based
detection system (Western blot imaging system,
SABZ biomedical, Tehran, Iran). The membranes
were re-probed with f-actin antibody (Santa Cruz
Biotechnology Inc, Dallas, TX, USA, 1:1000) after
striping. The signal intensity of primary antibody
binding was quantitatively analyzed with Image J
software (imagej.nih.gov/ij/) and normalized to a
loading control, B-actin.

Dual-luciferase reporter assay

Synthetic DNA oligonucleotides (~ 35 bp) containing
the putative binding site for miR-21 from PTEN-
3'UTR and Bcl2-3’UTR and ~5 bp adjacent
sequences from each end were annealed and ligated
into the Xhol/NotI sites located in the 3'UTR region of
the Renilla luciferase reporter (hRluc) in psi-
CHECK™.2 vector (Promega, Fitchburg, WI, USA)
(Supplementary table 1 and figure 1). Each psiCheck-
2/PTEN-3'UTR and psiCheck-2/Bcl2-3'UTR con-
struct was transfected using lipofectamine2000 in
silibinin treated MCF-7 and T47D cells.
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Luciferase assay was performed after 48 h by dual-
luciferase activity reporter assay system (Promega,
Fitchburg, WI, USA). Renilla luciferase activity was
normalized to firefly luciferase (hluc*) expression in
each sample and values were normalized by the
silibinin-psiCheck-2 control value within that
experiment.

Flow cytometric analysis for apoptotic and cell
cycle

To investigate the apoptotic phenomenon, the cells
were double stained with Annexin V-FITC and PI
(EXBIO, Vestec, Czech Republic), following manu-
facturers’ protocol and analyzed by flow cytometry
(BD Biosciences, San Jose, CA, USA). For cell cycle
evaluation, all treatments were stained with Ribonu-
clease 1 (Sigma-Aldrich, St. Louis, MO, USA)/PI
(Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
followed by flow cytometry analysis as previously
described (Jahanafrooz et al. 2016).

Statistical analysis

All experiments were performed at least thrice.
Student’s two-tailed ¢ test was used to compare data
between two groups. A P value of <0.05 was
considered statistically significant. The results were
expressed as mean £ SD.

Results

Silibinin regulated miR-21 expression in breast
cancer cells

We analyzed alterations of miR-21 expression in
MCF-7, T47D and MCF-10A cells by RT-PCR
analysis after 48 h of silibinin-treatment. According
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to the viability assessment in our recent study
(Jahanafrooz et al. 2016), an optimum amount of
150 pM silibinin was administered to both cancer cell
lines in all experiments because of its possible
moderate cytotoxic effects. By using 2724% method,
RT-PCR results have shown a significant decrease in
miR-21 expression in all treated cell types, as com-
pared to the control group (Fig. 1).

Cell transfection analysis

MCF-7 and T47D cells were transfected with fluores-
cein-labeled scrambled LNA for 10 h and then
subjected to fluorescence microscopy and quantified
by flow cytometry. The cells having green fluores-
cence were considered to be transfected successfully.
As shown in Fig. 2, cell transfection was successfully
effective in the presence of lipofectamine 2000
reagent.

Cell viability assessment

To investigate the effect of downregulation of miR-21 on
the viability of MCF-7 and T47D cells, we performed PI
assay after anti-miR-21 transfection for 48 h. To exclude
the effect of lipofectamine 2000/oligonucleotid complex
on cell viability, P assay was also performed for the cells
transfected with lipofectamine 2000/scrambled relative
to blank control. As shown in Fig. 3, no significant
difference was observed in the average percentage of PI™
between blank and lipofectamine 2000/scrambled

Fig. 1 Effect of silibinin on
miR-21 expression in MCF-
7, TA7D and MCF-10A cell
lines. Results are presented
as mean £ SD. P < 0.05
was considered as
significant difference as
compared to control
(DMSO)

Fold Changesof
iR-21

OMCEF-7

DMSO

groups. Down-regulation of miR-21 did not significantly
decrease cell viability relative to lipofectamine 2000/
scrambled and blank groups in both cancer cell lines.

Effect of silibinin and miR-21 downregulation
on PTEN and Bcl2 mRNA expression

As also observed in our previous study (Jahanafrooz
et al. 2016), silibinin significantly increased PTEN
(3.24 £ 0.17, P < 0.05) in MCF-7 cells with no effect
on PTEN expression in T47D cells (Fig. 4A) and
decreased Bcl2 mRNA expression in both cell lines at
48 h (Fig. 4b). RT-PCR results have shown an
increase in the PTEN mRNA expression in anti-
miR-21 transfected MCF-7(1.29 4+ 0.05, P < 0.05)
and T47D (1.34 £ 0.07, P < 0.05) cells, as compared
to that in the control cells (Fig. 4a) at 48 h. As shown
in Fig. 4b anti-miR-21 reduced Bcl2 expression in
MCEF-7 cells (0.88 £ 0.14, P > 0.05) and increased it
in T47D cells (1.3 £ 0.07, P > 0.05). Co-application
of miR-21 mimic and silibinin on cells increased
PTEN mRNA expression in MCF-7 cell line
(1.5 £ 0.22, P < 0.05 less than 3.24 £ 0.17 in silib-
inin treatment) and decreased it in T47D cell line
(0.7 £ 0.1, P < 0.05) as compared to control samples.
That co-application decreased Bcl2 mRNA expression
in MCF-7 (0.7 £0.07, P <0.05 more than
0.44 4+ 0.05 in silibinin treatment) and T47D cells
(0.5 £ 0.1, P < 0.05 less than 0.63 £ 0.11 in silib-
inin treatment) as compared to control samples.

nT47D EMCF-10A

1

¥
*
0.125
0.017  0.0045
Silibinin
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Fig. 2 Transfection of breast cancer cell lines by fluorescein
labeled-scrambled LNA. a Phase contrast microscopy, scale bars
100 pm, b fluorescent microscopy and ¢ flow cytometric analysis of

Evaluation of silibinin and miR-21
downregulation effect on PTEN protein expression

in MCF-7 and T47D cell lines

Western blotting was used to investigate the alter-
ations in PTEN protein in the cells being treated with
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transfected cells, percentages show the transfection efficiencies. The
green spots in the fluorescent pictures indicate the cytoplasmic
lipofectamine containing fluorescent scrambled. (Color figure online)

silibinin and the silibinin-treated samples after anti-
miR-21 and miR-21 mimic transfection. As shown in
Fig. 5a, PTEN was upregulated in different amounts
post silibinin treatment (1.62 £ 0.2, P < 0.05), after
anti-miR-21 transfection (1.3 4 0.15, P > 0.05), after
the combined treatment with silibinin and anti-miR-21
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Fig. 3 Effect of miR-21
downregulation on the
viability of breast cancer 100
cells. Results are expressed 98
as mean viability, as
compared to blank (error 96
bars = 1 SD) There was no
significant differences 94
between the different 92
conditions for each cell line
90
88

86
84

Pl Negative
(% to blank)

Fig. 4 Effect of 150 uM
silibinin and miR-
21modulation on PTEN

(a) and Bcl2 (b) mRNA
expression in MCF-7 and
T47D cell lines for 48 h.
Results are presented as
mean £ SD. *P < 0.05 was
considered as significant
difference as compared to
control

(scrambled + DMSO) and
in MCF-7 cell line,
difference was also
significant in PTEN mRNA
expression in samples
transfected with miR-21
mimic and treated with
silibinin as compared to
silibinin treated samples
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transfection (1.75 + 0.3, P = 0.05), and finally after
the combined treatment of MCF-7 cells with silibinin
and miR-21 mimic transfection (1.3 & 0.12,
P < 0.05) as compared to control group. In T47D
cells, PTEN was slightly upregulated only by anti-
miR-21 transfection in silibinin treated (1.2 £ 0.3,
P>0.05) and wuntreated samples (1.1 £ 0.1,
P > 0.05), while silibinin had no effect on the
expression of PTEN protein and slightly decreased it
(0.9 £ 0.18, P > 0.05), in combination with miR-21
mimic (Fig. 5b).

Effect of silibinin on miR-21 targets

To determine whether decrease in miR-21 by silibinin
targets PTEN and Bcl2 by their 3'UTR, MCF-7 and
T47D cell lines were transiently transfected with
psiCheck-2/PTEN-3UTR and psiCheck-2/Bcl2-3'UTR
construct cloned downstream of the Renilla luciferase

A Serambled Anti-miR-21 miR-21
DMSO  Silibinin DMSO  Silibinin  Silibinin
o — ey —— — ——
Bata-Actin
= 25
.8
g 5
£ -
—_
§ 15
2
=
z 1
=
=
£ 05
5
£

MCF-7

Fig. 5 Effects of silibinin and miR-21modulation on the PTEN
protein level. MCF-7 (a) and T47D (b) cells transfected with
scrambled, anti-miR-21, and miR-21 mimic and then treated with
silibinin. Whole cell lysates were prepared from cells treated for
48 h, and PTEN was analyzed by western blot. The same blot
was used for all western blots. Band intensities were analyzed
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reporter gene. Luciferase activity with PTEN-3'UTR
was marginally enhanced in both cell lines treated with
silibinin. Luciferase activity with Bcl2-3'UTR was
enhanced in T47D cells (1.3 £ 0.04, P < 0.05) whereas
it decreased in MCF-7 cells (0.92 £ 0.1, P > 0.05) after
silibinin treatment (Fig. 6).

Impact of silibinin and miR-21 downregulation
on apoptosis in MCF-7 and T47D cells

In accordance with viability results, anti-miR-21 had
little apoptotic effects on breast cancer cell lines, and
could cause slight increase in early apoptosis (An-
nexin V1) as compared to the control cells. Silibinin
alone or in combination with anti-miR-21 tranfection
had significant apoptotic effects on MCF-7 and T47D
cells. Co-application of miR-21 mimic and silibinin on
cells showed similar apoptotic results to that in
silibinin treatment (Fig. 7).

B Scrambled Anti-miR-21 miR-21

Silibinin

DMSO  Silibinin DMSO Silibinin

PTEN
— —

Bt QD QD QD QD =

16
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B
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Z 02
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o e I e o
\% x*o‘o\ &~ o \‘c‘o
S & &S
i © & & S
& & & & &
9’. %éQ ™ S ?\
¥
Q
T47D

and expressed relative to -actin, and the values are expressed
relative to the control value that was set to 1. Data are expressed
as mean + SD. *P < (0.05 was considered for significant
difference as compared to control  (scrambled +
DMSO)
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OMCF-7 BT47D

16

14

1.2

08

0.6

Lugciferase/Firefly

04

0.2

psiCheck-2 + Silibinin

Fig. 6 Silibinin gently regulated miR-21 interaction with the
3'UTR of PTEN and Bcl2. MCF-7 and T47D cells were
transiently transfected with Renilla luciferase reporter contain-
ing the 3’'UTR of PTEN and Bcl2 cloned 3’ to Renilla in
psiCHECK™.2 vector that contains also firefly gene. Cells
were treated with 150 pM silibinnin for 48 h. Relative

Anti-miR-21 had no effect on cell cycle in MCF-7
and T47D cells

Silibinin caused G1 cell cycle arrest in MCF-7 cells
but had no effect on T47D cell cycle progression in our
recent study (Jahanafrooz et al. 2016). In this study no
slight difference in cell cycle progression was
observed after downregulation of miR-21 in MCF-7
and T47D cells as compared to control. Upregulation
of miR-21 in silibinin treated samples also was
effectless in cell cycle in both cell lines (Fig. 8).

Discussion

MiR-21 was the most significantly upregulated
miRNA in human breast carcinomas and breast cancer
cell lines and its overexpression has been associated
with advanced clinical stage, lymph node metastasis,
and poor patient prognosis (Volinia et al. 2006; Yan
et al. 2008; Shenouda and Alahari 2009; Sicard et al.
2013). Silibinin, as a natural flavonoid, induces
various cell functions including growth inhibition,
cell cycle arrest, anti-proliferative effect and apoptotic
induction and can be applied as anticancer agent
(Sharma et al. 2003; Roy et al. 2007; Li et al. 2008;
Duan et al. 2011). Our previous report reinforced this

psiCheck-2 /PTEN-3'UTR+

psiCheck-2 /Bcl2-3'UTR+

Silibinin Silibinin

luciferase activity determined relative to the non recombinant
psiCHECK ™2 vector transfected cells. Values are the average
of duplicate or triplicate determinations £ SD. *P < 0.05 was
considered as significant difference as compared to control
(psiCHECK™-2 + silibinin)

point by showing the ability of silibinin to inhibit the
growth of both MCF-7 and T47D cells by partially
inducing apoptosis and necrosis. Silibinin also
induced G1 cell cycle arrest in MCF-7 and MCF-
10A cells (Jahanafrooz et al. 2016). The present study
demonstrates that silibinin significantly downregu-
lated miR-21 expression in MCF-7, T47D, and MCF-
10A cells in accordance with previous ones (Zadeh
et al. 2015, 2016).

The aim of this study was to clarify the miR-21
downregulation influence in some anticancer effects
of silibinin.

Previous studies showed the negative correlation
between miR-21 and its targets for example: (1)
downregulation of miR-21 and increase of PTEN in
MCEF-7 cells under matrin treatment (Li et al. 2012), (2)
upregulation of miR-21 and decrease in PTEN and
PDCD4 under fludioxonil and fenhexamid treatment
(Teng et al. 2013), and (3) downregulation of miR-21
and upregulation of PTEN, PDCD4 and Bcl2 because of
estradiol (Wickramasinghe et al. 2009). During the
present study, silibinin also downregulated miR-21
expression and increased PTEN expression in MCF-7
cells, but silibinin had no effect on PTEN mRNA and
protein expression in T47D cells. In the current study,
anti-miR-21 caused small upregulation of PTEN both in
T47D and MCF-7 cells and these data were consistent
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with previous report (Wickramasinghe et al. 2009). In
luciferase assay silibinin showed subtle increase in
Renilla/Firefly with PTEN-3'UTR for both cell lines in
accordance with anti-miR-21 effect. T47D cells exhib-
ited strange behavior, because anti-miR-21 caused
increase in PTEN expression; however, silibinin had
no effect on PTEN in these cells. This can signify that in
T47D cells silibinin upregulated PTEN by its 3'UTR
and also downregulated it by another pathway, and these
two phenomena neutralize each other. Combined treat-
ment of miR-21 transfection and silibinin administra-
tion slightly decreased PTEN mRNA and protein levels
and proved this idea in T47D cells. In MCF-7 cells
increase in PTEN mRNA in samples with combination
of miR-21 mimic transfection and silibinin treatment
was less than silibinin treated cells (1.5 £ 0.22, less
than 3.24 + 0.17, P < 0.05), and this shows functional
importance of miR-21 downregulation in the silibinin
effect on PTEN mRNA in MCF-7 cell line.
Anti-miR-21 caused small decrease in Bcl2 mRNA
in MCF-7 cells and this result was in accordance with
Si et al. (2007) and Dong et al. (2011) studies (Si et al.

Fig. 7 Effect of 150 uM A
silibinin and miR-21 100
modulation on the apoptosis 00 |[]
of MCF-7 and T47D cells
after 48 h. Apoptosis and $0 *
necrosis percentages in ~ 70
control and treatment ?f 60
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Annexin V/PI dual staining 5 40
in MCF-7 (a) and T47D S
(b) cells. Data represent the 3
mean £ SD from at least 20
three independent 10
experiments. Results were 0
statistically analyzed with a Live
Student’s ¢ test (*P < 0.05)
B
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9 [7]
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g
2
3
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Fig. 8 Cell cycle analysis by flow cytometry in MCF-7 (a) and »
T47D (b) cells following miR-21 inhibitor and mimic transfec-
tion and treatment with 150 uM dose of silibinin for 48 h.
Results were presented as mean (n = 3) & SD. *P < 0.05,
significantly different from control (scrambled + DMSO) by
independent ¢ test

2007; Dong et al. 2011). We observed a partial
increase in Bc12 mRNA expression in T47D cells after
anti-miR-21 transfection as expected. Upregulation of
miR-21 in silibinin treated samples caused small
changes in Bcl2 mRNA expression compared to
silibinin treated ones. Therefore miR-21 modulation
caused subtle changes in Bcl2 mRNA expression in
MCEF-7 and T47D cells while silibinin significantly
decreased its expression in both cell lines suggesting
that regulation of Bcl2 mRNA expression by silibinin
was mostly from other pathways (Fig. 6).
Anti-miR-21 transfection had a non-significant role
in examined cellular function pathways of silibinin
(apoptosis and especially in cell cycle) and miR-21
mimic transfection attenuated apoptotic effect of silib-
inin in both cell lines with no effect on cell cycle. There
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are no published data about anti-miR-21 effect on cell
cycle so far, but Si et al. (2007) showed that anti-miR-21
induced a significant level of apoptosis in MCF-7 cells
as compared to our data (Si et al. 2007). This difference
may be because of biological differences among MCF-7
cells from different laboratories (Osborne et al. 1987).
In conclusion, significant downregulation of miR-21
under silibinin treatment had a small role in anticancer
effects of silibinin in this study. MiR-21 mimic transfec-
tion results in silibinin treated samples partly showed that
miR-21 downregulation can be included between func-
tional pathways of silibinin in MCF-7 and T47D cell
lines. Anti-miR-21 transfection results of the present
study were in favor of consecutive effect of miR-21
overexpression in MCF-7 and T47D cell lines. However,
more extensive studies are suggested to be carried out in
this direction in the near future, which will more clarify
the microRNAs related mechanisms underlying the
anticancer effects of silibinin in breast cancer treatment.
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