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ORIGINAL ARTICLE

Differential response of normal and transformed mammary epithelial cells to
combined treatment of anti-miR-21 and radiation

Vanja Radulovica, Theresa Heidera, Sabine Richtera, Simone Moertla, Michael J. Atkinsona,b and
Nata�sa Anastasova

aInstitute of Radiation Biology, Helmholtz Center Munich, German Research Center for Environmental Health, Neuherberg, Germany;
bChair of Radiation Biology, Technical University of Munich, Munich, Germany

ABSTRACT
Purpose: MicroRNA miR-21 has emerged as a therapeutic target in the treatment of breast cancer.
This study was designed to compare the responses of breast cancer cells and non-transformed breast
epithelial cells to a combined regimen of miR-21 inhibition and radiation.
Materials and methods: The MDA-MB-361 (breast cancer) and MCF-10A (non-transformed mammary
epithelial) cell lines were used for the comparison in this in vitro study. The stable knockdown of miR-
21 was performed by using lentiviral approach. The response of the cells was monitored 4, 24 and
48h after the irradiation with 0.25 and 2.5Gy, using sham-irradiated cells as controls. The response of
the cells was established by performing various functional assays – cell viability and cell attachment,
clonogenic survival, cell cycle analysis and 3D microtissue formation.
Results: The knockdown of miR-21 induced significant increase in apoptosis and growth delay in
MDA-MB-361 cancer cells compared to non-transformed MCF-10A cells. After combined radiation and
anti-miR-21 treatment, MDA-MB-361 cells show reduced cell growth and viability what is presented in
their inability to form colonies. MCF-10A cells were not as sensitive to the combined treatment and
that has also been confirmed with colony forming assay.
Conclusions: Cellular response to a combined treatment of anti-miR-21 and radiation is different
between cancer and non-cancer cells which highly support the idea of linking miR-21 inhibitor and
radiation treatment in the future therapeutic approaches for breast cancer.
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Introduction

miRNAs are a class of short, non-coding, single-stranded
post-transcriptional regulators of gene expression (Bartel
2004). Since miRNAs can regulate translation of a broad set
of mRNAs they hold a great potential for cancer therapy (Liu
et al. 2014; Price & Chen 2014). It has become evident that
dysregulation of miRNAs is an emerging hallmark of cancer,
in the tumor itself as well as in its surrounding microenviron-
ment (McManus 2003; Lu et al. 2005).

Both anti-miRNAs and mimics of miRNAs have been devel-
oped as therapeutic strategies with several miRNA modula-
tors having entered clinical trials (Croce 2009; Kasinski &
Slack 2011; Liu et al. 2014). With the goal of improving can-
cer treatment responses, this kind of therapy can be used
alone (Cheng et al. 2013; Poltronieri et al. 2013; Sicard et al.
2013) or in combination with currently existing ones such as
radiotherapy (Liu et al. 2014).

MicroRNA-21 (miR-21) is overexpressed in several human
cancers including breast cancer, glioblastoma (Yang et al.
2014) and pancreatic cancer (Sicard et al. 2013). The higher

expression of miR-21 is significantly associated with adverse
clinicopathological factors and a worse prognosis, suggesting
it may act as a cellular oncomiR (Medina et al. 2010;
Anastasov et al. 2012). miR-21 targets multiple pathways
including the genes related to cell cycle regulation. Previous
studies have shown that miR-21 affects cellular proliferation
and migration in human breast cancer cells (Yan et al. 2011).
Moreover, as miR-21 can promote radioresistance (Anastasov
et al. 2012; Gwak et al. 2012; Summerer et al. 2015), inhibi-
tors of miR-21 may present an effective approach for modify-
ing radiosensitivity (Zhang & Ma 2012; Liu et al. 2014). For
the maximum benefit however, a targeted anti-miR-21 ther-
apy should not increase the sensitivity of normal mammary
epithelial cells to radiation.

We have therefore compared the responses of the breast
cancer (MDA-MB-361) and non-transformed epithelial (MCF-
10A) cells to the treatment with a miR-21 inhibitor (anti-
miR-21) and radiation. MCF-10A are non-tumorigenic breast
epithelial cells, obtained from a patient with benign fibro-
cystic disease with a spontaneous mutation (deletion in the
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p16/ARF locus) that contributes to their immortalization
(Soule et al. 1990). These cells are frequently used for the
comparative study of the effects of treatments on normal
versus malignant mammary epithelial cells (Glaysher et al.
2014).

Materials and methods

Cell lines and culture conditions

MCF-10A cells were cultured in DMEM/F12 supplemented
with 5% horse serum, 0.5mg/ml hydrocortisone, 20 ng/ml
EGF, 10 lg/ml insulin and 100 ng/ml cholera toxin. MDA-
MB-361 and HEK293T cells were cultured in high Glucose
DMEM culture medium supplemented with 20% or 10% fetal
bovine serum, respectively. All cell lines were cultivated at
37 �C and 5% CO2. Cells were seeded in six-well plates at
200,000 cells per well for subsequent analysis, unless other-
wise stated. Cell counting was performed using ZTM Series
Coulter CounterVR (Beckman Coulter, CA, USA). All cells were
authenticated by genetic profiling (Eurofins MWG Operon,
Ebersberg, Germany) with STR matching analysis (DSMZ,
Heidelberg, Germany), and tested as mycoplasma free with
MycoAlertTM Mycoplasma Detection Kit (Lonza, Cologne,
Germany).

Irradiation

Irradiation was performed using a Cs-137 source (HWM
D-2000, W€alischmiller Engineering, Germany) at a dose rate of
0.5 Gy/min. Doses of 0.25 and 2.5 Gy were administered at
room temperature and control cells were sham irradiated.
Each treatment was performed with three technical replicates
and repeated at least three times (biological replicates; n¼ 3).

Lentivirus production

The lentiviral transduction vector pGreenPuro (pGP; System
Biosciences, Mountain View, CA, USA) was used as the back-
bone for cloning the miR-21 knockdown sequence (anti-miR-
21) using the miRNA oligo (pmiRZIP-21; Cat. No. MZIP21-PA-
1-GVO-SB; Biocat, Heidelberg, Germany) and lentivirus pro-
duction was performed as previously described in HEK293T
cells (Anastasov et al. 2009; Hofig et al. 2012). Empty pGP
vector was used as control for lentivirus production (further
in paper labelled as EV – empty vector).

Transduction of breast epithelial cell lines

Transduction of MCF-10A and MDA-MB-361 cells with either
anti-miR-21 or control lentivirus (EV) was performed using
protocols previously described (Anastasov et al. 2010; Hofig
et al. 2012). Briefly, 2� 105 cells per well were infected with
3� 105 lentiviral transduction units (TU) (multiplicity of infec-
tion [MOI]¼ 1.5) with the addition of synperonic (100 lg/ml)
and polybrene (10 lg/ml) as adjuvants. After 24 h of incuba-
tion (at 37 �C and 5% CO2), the medium was changed and
cells were incubated for an additional 48 h in adequate

medium with the inclusion of puromycin (0.3 lg/ml) before
further analysis.

RNA isolation for miRNA expression analysis

Total RNA was isolated 4 and 24 h after irradiation. Cells were
trypsinized and pelleted by centrifugation at 2000 rpm for
5min, and washed twice with 1ml of PBS. Total RNA was iso-
lated from the cells using the mirVanaTM miRNA isolation kit
(Applied Biosystems; Foster City, CA, USA) according to the
manufacturer’s instructions. The concentration of total RNA
was determined with the Nanodrop spectrophotometer
(PeqLab Biotechnology, Germany).

TaqMan-miRNA assays and data analysis

A TaqMan-miRNA assay (Cat. No. 4427975; Assay ID 000397,
Applied Biosystems, Forster City, CA, USA) was used for miR-
21-5p expression analysis. The qRT-PCR was performed using
a StepOnePlus Detection System (Applied Biosystems, Foster
City, CA). The relative expression values of specific miRNA
were calculated by using the 2–DDCT method (Anastasov et al.
2012) normalized to a RNU44 (Cat. No. 4427975; Assay ID
001095) as endogenous control and to the sham-irradiated
control of each cell line.

Cell viability and cell attachment assays

The number of viable cells in culture was determined using
CellTiter-GloVR Luminescent Cell Viability Assay (Promega,
Madison, WI, USA) according to the manufacturer’s instruc-
tions; 24 h before irradiation, 1000–5000 cells were seeded
per well into opaque-walled 96-well plates (Corning, NY,
USA). The assay was performed 24 and 48 h after irradiation.
Luminescence was recorded using a spectrophotometer plate
reader (Tecan, Switzerland). Cell detachment was monitored
by counting the number of cells in the supernatant 24 and
48 h after irradiation. The number of attached cells was meas-
ured 48 h after irradiation by trypsinizing, collecting and
counting the cells using ZTM Series Coulter CounterVR

(Beckman Coulter, CA, USA).

Clonogenic survival

For the measurement of clonogenic survival, cells were
seeded in six-well plates at a range of densities (500–12,000
cells per well) and 24 h later sham treated or irradiated with
2, 4, 6 and 8Gy. After 7–21 days (depending on the cell line),
the colony formation capacity was assessed after fixation
with 100% ethanol and subsequent staining with Giemsa
solution (diluted 1:10 in PBS). The colonies with more than
30 cells were counted.

Cell cycle analysis

Cell cycle distribution was analysed 24 h after irradiation as
previously described (Nusse et al. 1994; Anastasov et al.
2012). Treated cells were trypsinized and the pellets were
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collected by centrifugation at 300 g for 5min after which the
supernatant was carefully removed. The cell pellet was resus-
pended in 500 ll of solution I (10mM NaCl, 4mM Na-citrate,
10 lg/ml RNase, 0.3% Nonidet P-40, and 50 lg/ml propidiu-
miodide [PI]) and incubated in the dark at room temperature
for 60min which was followed by addition of 500 ll of solu-
tion II (70mM citric acid, 250mM sucrose and 50 lg/ml PI).
Cell cycle distribution analyses were performed using a
FACScan LSR II (excitation wavelength: 488 nm; emission
wavelength: 610 nm) and a BD FACSDivaTM software (BD
Biosciences, Heidelberg, Germany). Cells with a DNA content
lower than that of cells in the G1 phase of the cell cycle
(<2n) were defined as the subG1 fraction and were consid-
ered to be apoptotic.

3D microtissue analyses

The breast epithelial cells were seeded with 2000 cells
per drop into scaffold-free 96-well InSphero culture
GravityPLUSTM plates (InSphero AG, Schlieren, Switzerland).
3D microtissues were produced within 3 days and transferred
into InSphero GravityTRAPTM plates. After 24 h (defined as
day 0 of treatment), microtissues were sham irradiated (0Gy)
or irradiated with a single dose of 0.25 or 2.5 Gy. Growth of
eight spheroids per treatment was monitored every 3 days
using a high content screening system Operetta (Perkin

Elmer, Waltham, MA) and quantified in maximal area of GFP
expressing microtissue (lm2) using the Harmony analysis
Software (Perkin Elmer) (Anastasov et al. 2015; Falkenberg
et al. 2016).

Statistical analysis

Biological replicates were analysed by Student’s t-test.
Statistical significance was defined as p-value less than 0.05
as follows: �p< 0.05, ��p< 0.01, ���p< 0.001. Data presented
as mean± SEM.

Results

miR-21 expression in MCF-10A and MDA-MB-361 cells
after exposure to radiation

Previous studies have established that miR-21 is overex-
pressed in breast cancer cells compared to the normal breast
tissues (Sempere et al. 2007; Si et al. 2007). The level of miR-
21 in the MDA-MB-361 mammary cancer cell line was
3.99 ± 0.01-fold higher than that of MCF-10A non-transformed
mammary epithelial cells (Figure 1(a)).

miR-21 levels were significantly upregulated in MCF-10A
cells after 0.25Gy (1.65 ± 0.02-fold) and 2.5 Gy dose of radi-
ation (1.63 ± 0.06-fold), 24 h after exposure (Figure 1(b)). In

Figure 1. miR-21 expression in MCF-10A and MDA-MB-361 cells after exposure to radiation. (a) Relative expression of endogenous miR-21 presented as fold change
after normalization to RNU44 and to non-transformed mammary epithelial cells MCF-10A (set as 1). Relative miR-21 expression in MCF-10A (b) and MDA-MB-361 (c)
cells 4 and 24 h after exposure to 0.25 and 2.5 Gy doses of irradiation, in correlation to the expression of sham-irradiated controls at each time-point. Data represent
means ± SEM (n¼ 3). Student’s t-test was used for statistical analysis. �p< 0.05, ��p< 0.01, ���p< 0.001.
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contrast, miR-21 expression was downregulated in MDA-MB-
361 after 0.25 Gy (0.50 ± 0.01-fold) and 2.5 Gy (0.59 ± 0.02-fold)
4 h or not significantly changed 24 h post-irradiation
(Figure 1(c)).

Cellular response to miR-21 inhibition and radiation

The knockdown of miR-21 was done using the lentiviral
transduction of the cells. The effectiveness of lentiviral trans-
duction was determined using cytofluorimetric analysis
(FACS) to detect GFP expression in the cells. MCF-10A cells
show 86.34% and 92.76% transduction efficiency with EV and

anti-miR-21, respectively (Figure 2(a)), whereas MDA-MB-361
cells show 98.40% (EV) and 99.37% (anti-miR-21) GFP positive
expressing cells (Figure 2(b)). The level of miR-21 expression
was analysed 72 h after transduction and in both cell lines
miR-21 expression is decreased to 0.38 ± 0.04 (MCF-10A) and
0.34 ± 0.01 (MDA-MB-361) compared to the levels of miR-21
in control (EV) cells that was set to 1 (Figure 2(c,d)).

The cellular response to combined miR-21 inhibition and
radiation was studied by exposing control cells and lentiviraly
transduced cells to 0.25 and 2.5 Gy dose of radiation. After
24 h, differences between the cell lines were apparent with
combined irradiation and anti-miR-21 treatment (Figure 3).

Figure 2. miR-21 knockdown in MCF-10A and MDA-MB-361 cells. GFP detection using cytofluorometric analysis (FACS) of MCF-10A (a) and MDA-MB-361 cells (b)
transduced with empty lentivirus (EV) or miR-21 knockdown (anti-mir-21) virus. Percentage of cells expressing GFP after lentiviral infection is shown. miR-21 expres-
sion levels 72 h after lentiviral transduction with anti-miR-21 in MCF-10A (c) and MDA-MB-361 cells (d). Data represent means ± SEM (n¼ 3). ���p< 0.001.
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The potent influence of anti-miR-21 and 2.5 Gy irradiation on
tumor cells (MDA-MB-361) was detected (Figure 3(b)).

Knockdown of miR-21 without radiation reduces the cell
viability from 2.26 ± 0.08 (EV at 0Gy) to 1.29 ± 0.09 for anti-
mir-21 at 0Gy (Figure 4(a)) in MCF-10A and correspondingly
from 0.84 ± 0.01 (EV) to 0.46 ± 0.02 (anti-miR-21) in MDA-MB-
361 cells (Figure 4(b)). Treatment with radiation (both 0.25

and 2.5 Gy) does not significantly change the viable cell frac-
tion after 24 h. Cell viability after 48 h shows increase in
MCF-10A viable cell fraction after combined anti-miR-21 and
radiation treatment (1.69 ± 0.02 after 2.5 Gy) indicating their
ability to further proliferate after the treatment. Unlike MCF-
10A, MDA-MB-361 cells show slight decrease (0.37 ± 0.01 after
2.5 Gy) in proliferation capacity 48 h after combined
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0.25 and 2.5 Gy irradiation. Scale bar ¼100 lm.

INTERNATIONAL JOURNAL OF RADIATION BIOLOGY 5



treatment. Low dose irradiation (0.25 Gy) in both cell lines
does not show significant differences to sham-irradiated cells.
No significant differences in cell viability between control
cells (non-virally transduced) and EV (empty vector trans-
duced) cells were detected (Supplementary Figure S1, avail-
able online).

The luminescent signal ratio of anti-miR-21 and EV cells
shows that 24 h after radiation cell viability is similar between
two cell lines while at 48 h more viable MCF-10A cells are
detected compared to MDA-MB-361 cells (Figure 4(c)).

The number of detached MCF-10A cells (Figure 4(d))
slightly increases after miR-21 knockdown 48 h post-irradi-
ation (0 Gy – 149 ± 13% versus 2.5 Gy – 183 ± 30% compared
to 24-h EV time-point analysis). MDA-MB-361 (Figure 4(e))
shows significant increase after miR-21 knockdown and irradi-
ation 24 and 48 h after treatment (504 ± 51% after 24 h and
858± 79% after 48 h post irradiation, compared to EV control
of 24-h time-point). Radiation has not significantly changed
the cell detachment (compared to sham-irradiated cells) in
both cell lines used for analysis. The ratio of detached anti-

miR-21 and EV cells is higher for MDA-MB-361 cell line com-
pared to MCF-10A (Figure 4(f)).

In parallel, the number of attached cells quantified 48 h
after miR-21 knockdown demonstrates the significant
decrease of the MDA-MB-361 cell ability to attach (42 ± 5%)
(Figure 4(h)) that is not the case with MCF-10A (91 ± 10%)
(Figure 4(g)). The dose of 2.5 Gy combined with anti-miR-21
additionally decrease the number of attached cells and the
effect was more visible for MDA-MB-361 (27 ± 3%) than for
MCF-10A (54 ± 5%) cells. In MCF-10A (Figure 4(g)) and MDA-
MB-361 (Figure 4(h)) low dose irradiation (0.25 Gy) does not
have any additional effect compared to sham-irradiated cells.
The ratio of attached anti-miR-21 and EV cells shows that
MDA-MB-361 cells, after miR-21 knockdown, attach less than
MCF-10A (Figure 4(i)) that correlates with results above
(Figure 4(f)).

Further, we have noticed the differences between MCF-
10A and MDA-MB-361 in ability to form colonies after miR-21
knockdown. There is no significant difference in colony for-
mation between MCF-10A treated with anti-miR-21 and

Figure 4. MDA-MB-361 cells show lower viability and attachment ability after miR-21 knockdown compared to MCF-10A cells. Viability of MCF-10A (a) and MDA-
MB-361 cells (b) was determined 24 and 48 h after irradiation and their values are presented as relative luminescent units (RLU) corrected with blank medium con-
trols. Dash line represents the luminescent signal of sham-irradiated EV control at 24-h time-point. The ratio of anti-miR-21 to EV luminescent signal (anti-miR-21/
EV) after 0.25 and 2.5 Gy radiation doses is shown on part (c). Relative cell attachment ability was measured by monitoring the number of cells in supernatant (d, e)
24 and 48 h and by quantifying the number of attached cells (g, h) 48 h after irradiation. The anti-miR-21/EV ratio of cells detected in supernatant (f) and attached
cells (i) are shown. Normalization was performed to the value of sham-irradiated EV cells (24 h – d, e; 48 h – g, h) that has been set to 100%. Data represent
means ± SEM (n¼ 3). Student’s t-test was used for statistical analysis. �p< 0.05, ��p< 0.01, ���p< 0.001.
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EV (control cells) 7 days after irradiation (Figure 5(a)).
MDA-MB-361 cells with anti-miR-21 are not able to form col-
onies even without radiation (Figure 5(b)). These data are in
agreement with results above, confirming the low capability
of MDA-MB-361 cells to attach (Figure 4(h)).

miR-21 downregulation increases subG1 and reduces
the G2 cell fraction in MDA-MB-361 but not in MCF-10A
cells

After downregulation of miR-21 we could detect differences
in cell cycle distributions between MCF-10A (Figure 6(a))
and MDA-MB-361 (Figure 6(b)). miR-21 knockdown does
not significantly change the population of MCF-10A cells
(Figure 6(c)) in subG1 phase compared to the control (EV)
while the MDA-MB-361 subG1 cell population number
(Figure 6(d)) is significantly increased after anti-miR-21 not
only after 2.5 Gy irradiation (3.59 ± 0.07) but also in sham
(3.45 ± 0.39) and 0.25 Gy (3.83 ± 0.19) irradiated cells. The sig-
nificant increase in MDA-MB-361 subG1 fraction compared to
MCF-10A cells is confirmed by anti-miR-21 and EV treated
cells ratio (Figure 6(e)).

The anti-miR-21 slightly reduces the number of MCF-10A
cells in G2 phase (Figure 6(f)) with no significant reduction
when combined with radiation. MDA-MB-361 cells (Figure
6(g)) show prominent reduction in number of cells in G2
phase after miR-21 knockdown. Significant decrease in MDA-
MB-361 G2 phase compared to MCF-10A is confirmed by
anti-miR-21 and EV-treated cells ratio, after 2.5 Gy irradiation
(Figure 6(h)). No significant differences in cell cycle analysis
were detected between control cells and EV treated cells in
both MCF-10A and MDA-MB-361 cell line (Supplementary
Figure S2).

Anti-miR-21 and radiation effects using 3D-microtissue
growth analysis

Both MCF-10A and MDA-MB-361 cells were able to form 3D-
microtissues. MCF-10A cells treated with anti-miR-21 do not
show growth delay compared to EV control (Figure 7(a)). A
growth delay of MDA-MB-361 with anti-miR-21 was observed
(compared to EV) with an additional growth delay after
2.5 Gy irradiation (Figure 7(b)). Combined anti-miR-21 and
radiation treatment effect is evident for the tumor cells
(MDA-MB-361) using 3D microtissue analysis what is in correl-
ation with results obtained in 2D cell culture, where the dif-
ference in cellular response to combined treatment between
MCF-10A and MDA-MB-361 cells was identified. The quanti-
fied 3D microtissue (region area in lm2) and corresponding
ratio of anti-miR-21 and EV (Figure 7(c)) indicates that the
growth ability of MDA-MB-361, after miR-21 knockdown, is
decreased when compared to MCF-10A and to sham irradi-
ated MDA-MB-361 microtissues.

Discussion

We have investigated the influence of combined lentiviral
miR-21 knockdown and radiation treatment using breast

cancer (MDA-MB-361) and non-tumorigenic breast epithelial
cells (MCF-10A). The levels of endogenous miR-21 expression
are higher in MDA-MB-361 cells compared to MCF-10A. This
is consistent with high levels of miR-21 reported in breast
tumors in comparison to normal surrounding epithelial cells
(Krichevsky & Gabriely 2009). Previous work has shown that
miR-21 is upregulated in different human cells in culture after
irradiation (Shi et al. 2012; Cellini et al. 2014) that is con-
firmed with observed increase in miR-21 expression (24 h)
after irradiation using MCF-10A cells. In contrast, not signifi-
cant changes were detected in the MDA-MB-361 cancer cells,
24 h after exposure to radiation. Differential miR-21 response
to radiation could be potentially dependent on (4-fold)
higher endogenous miR-21 expression levels in cancer cells
compared to non-tumorigenic breast epithelial cells.
Presented data indicate the miR-21 significance as specific
cancer therapy target for the future.

It has been shown that miR-21 overexpression may pro-
mote radioresistance (Anastasov et al. 2012) and even reduce
responsiveness to cytotoxic targeted therapies (Gong et al.
2011) in breast cancers. Thus, the use of miR-21 inhibitors is
a strategy that may increase the sensitivity of cancer cells to
radiation (Anastasov et al. 2012; Ma et al. 2014), but its
potential impact on surrounding non cancer cells is still
unexplored.

Breast conserving surgery followed by external beam radi-
ation therapy represents the standard of care for the majority
of breast cancer patients (Early Breast Cancer Trialists’
Collaborative 2011). Whilst adjuvant radiotherapy can
improve the locoregional control and overall survival (Ragaz
et al. 2005) it may induce moderate-to-intense skin reaction
in 85–95% of patients, and less frequently second cancer
development (Hill et al. 2001). It is estimated that less than
10% of phase I cancer clinical trials combine chemical and
radiation therapy analysis (Glaysher et al. 2014) and it is of
great importance to elucidate potential side-effects of new
targeted therapies applying comprehensive preclinical ana-
lysis. Thus, there is a need for a novel treatment strategy or
agent to protect normal tissues from radiation therapy dam-
age, without compromising or enhancing the killing effect of
radiation on tumors which includes development of radiosen-
sitizers (Tinoco et al. 2013).

Previous studies have shown that G2/M cell cycle arrest
upon irradiation can predict the level of radioresistance of
tumor cells (Liu et al. 2014). Herewith, we present that anti-
miR-21 treatment is able to reduce G2 phase in MDA-MB-361
more than in MCF-10A cells (Figure 6(f,g)). The observed
reduction of G2 could potentially explain reduced cell viability
and increased number of detached tumor cells (MDA-MB-361,
Figure 4(e)). Such specific effects on tumor cells are in agree-
ment with results of changes in G2 block that were reported
previously for breast cancer, colon cancer and glioblastoma
cell lines (Wang et al. 2009; Yan et al. 2011; Anastasov et al.
2012). miRNAs that upregulated in cancers are termed
oncomiRs (Esquela-Kerscher & Slack 2006) and miR-21 as one
of the first described (Folini et al. 2010) has a crucial role in
tumor cell proliferation (Meng et al. 2007), apoptosis (Chan
et al. 2005), invasion and metastasis (Asangani et al. 2008).
Possible explanation why MCF-10A cells react differently
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to combined treatment with anti-miR-21 and radiation
than breast cancer cells, could be ‘oncomiR addiction’
(Sharma & Settleman 2007; Medina et al. 2010). The cancer
cells can depend on oncomiR expression and its downregula-
tion can have potent effect on their survival. Therefore, at the
moment miR-21 presents a good candidate and further

supports the idea of using miR-21 inhibitors in order to treat
human cancers (Sicard et al. 2013; Najafi et al. 2015).

In conclusion, we show that miR-21 knockdown
induces apoptosis and growth arrest in breast cancer cells
(MDA-MB-361) but not in breast non-tumorigenic epithelial
cells (MCF-10A). These findings confirm the potential use of

Figure 6. miR-21 downregulation significantly increases subG1 fraction and affects G2 phase in MDA-MB-361. Representative FACS analysis of sham irradiated and
cells exposed to 2.5 Gy irradiation of MCF-10A (a) and MDA-MB-361 (b). Both cell lines were infected with empty lentivirus (EV) or miR-21 knockdown (anti-miR-21)
and analysed for cell cycle changes 24 h after 0.25 and 2.5 Gy irradiation. Relative number of cells in subG1 (c,d) and G2 (f,g) phases of cell cycle presented as fold
change after normalization to sham irradiated EV cells. The anti-miR-21/EV ratio of cells detected in subG1 (e) and G2 (h) phase of cell cycle are presented. Data rep-
resent means ± SEM (n¼ 3). Student’s t-test was used for statistical analysis. �p< 0.05, ��p< 0.01.
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Figure 7. Growth analysis of 3D-microtissues of MCF-10A and MDA-MB-361 cells with constitutive lentiviral GFP expression. 3D-microtissue growth analysis after
radiation-quantification of spheroid growth delay after 0.25 and 2.5 Gy (9 days after radiation treatment) of MCF-10A (a) and MDA-MB-361 (b). The ratio of anti-
miR-21 and EV for each dose of radiation is presented at part (c). Tables present the original values of image region area (lm2) detected. Data represent
means ± SEM (n¼ 3). Representations of Operetta GFP quantification (EV and anti-miR-21) after indicated time points (9th day after seeding in assay plates after 0
and 2.5 Gy doses of radiation). Student’s t-test was used for statistical analysis. �p< 0.05, ��p< 0.01, ���p< 0.001. Scale bar ¼100 lm.
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miR-21 as a main target for the development of new breast
cancer therapeutical strategies. Our results show that miR-21
inhibition exclusively in breast cancer cells could hold a sig-
nificant therapeutic value for breast cancer patients and fur-
ther investigations in this field are necessary.
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