











Figure 6: Radiation-induced Notch promotes EMT in mice. (A) Schematic representation of experimental scheme for treating in
vivo mice model by fractionated radiation (2 Gy/day for five consistent days). (B) Hematoxylin and eosin (H&E) staining of breast tumor
tissue in mice 24 hour after irradiation as described above. (C) Immunohistochemistry for EMT markers such as E-cadherin, N-cadherin
and vimentin in breast tumor tissues of mice after irradiation. (D) Immunohistochemistry for expression of Notch2 in breast cancer tissues
of mice after irradiation with 10 Gy (2 Gy x 5). (E) Schematic model that fractionated radiation promotes EMT through Notch signaling in
breast cancer cells. Importantly, irradiation-activated IL-6 increases the Notch-activity via activating JAK/ STAT3 for EMT.
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MATERIALS AND METHODS

Chemical reagents and antibodies

Monoclonal antibodies to N-cadherin (610920)
and E-cadherin (612130) were purchased from BD
Transduction Laboratory (Seoul, Korea). Polyclonal
antibodies to STAT3 (sc-482), NF-kB (p65) (sc-109),
Vimentin (sc-5565), SLUG (sc-10436) and TWIST
(sc-15393) were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). The polyclonal
antibody to ZEB1 (HPA027524) was purchased from
Sigma (St Louis, MO, USA). The polyclonal antibodies
to Snail (3879), p-STAT3 (Y705) (9131), p-STAT3
(S727) (9134), Fral (5281), p-Fral (3880) and Notchl
(2421) were obtained from Cell Signaling Technology
(Beverly, MA, USA). Polyclonal antibodies to anti-IL-6
(ab6672), Notch2 (ab72803), Jaggedl (abl109536) and
DLL4 (ab7280) were purchased from Abcam (Cambridge,
UK. Monoclonal antibody to B-actin and 4, 6-diamidino-
2-phenylindole (DAPI) were purchased from Sigma
(St Louis, MO, USA). The chemical inhibitors including
Gamma secretase inhibitor (565770), STAT3 inhibitor
(573097) and the JAK inhibitor (420099) were bought
from Calbiochem (San Diego, CA, USA). Recombinant
human CXCLS/IL-8 protein was purchased from R & D
systems and recombinant protein IL-6 was bought from
EMD Millipore.

Cell culture

The human breast epithelial cell line MCF7,
SKBR3 and the mouse breast epithelial cell line 4T1 were
purchased from the American Type Culture Collection
(Manassas, VA). All cell cultures were maintained in a
humidified 5% CO, atmosphere at 37°C. The hormone
receptor status of the MCF7 cells is estrogen receptor
positive (ER+), progesterone positive (PR+) and HER2
negative (HER2-) while that of SKBR3 is ER- PR- HER2+.
MCF7, SKBR3 and 4T1 cells were grown in the minimum
Eagle’s medium, RPMI medium and DMEM medium
respectively. All of these media were supplemented with
10% fetal bovine serum, penicillin (100 units/ml), and
streptomycin (100 pg/ml). All cell culture products were
purchased from GIBCO (Seoul, Korea). The gamma-
secretase inhibitor (GSI) was used in cancer cells at a
concentration of 20 pM; the JAK inhibitor was used at 10
UM, and the STAT3 inhibitor was used at 2 uM.

Irradiation

Cancer cells were exposed to radiation using a 137Cs
y-ray source (Atomic Energy of Canada, Ltd, Mississauga,
Canada) at a dose rate of 3.81 Gy/min. Further analysis
such as migration, invasion assay, western blot and
immunocytochemical analysis were done at 48 hours after
fractionated irradiation (2 Gy % 3; 2 Gy per day for 3 days).

Transfection

Cells were transfected with siRNA duplexes (40 nM)
by using Lipofectamine 2000 (Invitrogen), following the
procedure recommended by the manufacturer. Irradiation
was performed 48 hr after transfection. All siRNA were
purchased from Genolution Pharmaceuticals, Inc (Seoul,
Korea).

Boyden chamber invasion and migration assays

Matrigel invasion assays were conducted using 24-
well Transwell inserts (Corning Inc., Tewksbury, MA,
USA) pre-coated with 10 mg/ml growth-factor-reduced
Matrigel (BD Biosciences) at 37°C. All breast cancer cells
(2 x 10*) suspended in 200 ul of serum-free medium were
seeded into the upper chamber with the lower well filled
with 0.8 ml of a growth medium. After incubation for 48
hr (hours), migrated cells were fixed and stained with a
Diff-Quick kit (Fisher) and photographed and invasiveness
was calculated as described in our previous report [36]. A
migration assay was also performed in Transwell inserts
containing similar membranes without the Matrigel coating.

Western blot analysis

Cell lysates were prepared by incubation with a lysis
buffer (40 mM Tris-HCI1 pH 8.0, 120 mM NaCl, 0.1%
Nonidet-P40) supplemented with protease inhibitors. Then
proteins were then subjected to SDS—polyacrylamide gel
electrophoresis (SDS-PAGE) before being transferred to a
nitrocellulose membrane (Amersham, Arlington Heights,
IL). Primary antibodies were used to detect the relevant
protein, and B-actin was used as loading control. Blots were
developed with horseradish peroxidase (HRP)-conjugated
secondary antibodies and proteins were visualized
using enhanced chemiluminescence (ECL) (Amersham,
Arlington Heights, IL), according to the manufacturer’s
protocol. Secondary antibodies, anti-mouse [gG-HRP, anti-
goat [gG-HRP and anti-rabbit IgG-HRP were purchased
from Santa Cruz biotechnology (CA, USA).

Clonogenic survival assay

MCF7 and SKBR3 cells were seeded into 60 mm
cell culture dish at concentrations of 300—400 cells per
plate after the knockdown of si-Notch2 and radiation
afterwards with dose rate of 1 Gy-4 Gy. The cells were
incubated for 8-10 days to allow for colony formation.
The colonies composed of more than 50 cells were
counted. Survival fraction was calculated as (mean
colonies counted. Each assay was performed in triplicates.

Immunohistochemistry

Athymic balb/c nude mice were euthanized and
tissues were harvested and fixed in formalin for the

www.impactjournals.com/oncotarget

53440

Oncotarget



preparation of paraffin sections. Paraffin-embedded tissue
sections were deparaffinized in xylene, 95, 90, and 70%
ethanol, followed by phosphate buffered saline (PBS).
Epitopes were unmasked with 20 mg/ml proteinase K
in PBS with 0.1% Triton X-100. Sections were stained
with hematoxylin and eosin (H & E) or immunostained
overnight at 4°C with the Notch2 (1:100), E-cadherin
(1:100), N-cadherin (1:100), vimentin antibody (1:100)
and IL-6 antibody (1:100). After washing in PBS, a 1:200
dilution of biotinylated goat anti-rabbit IgG or anti-mouse
IgG antibody in a blocking solution was applied to the
sections and incubated for 30 min. After washing in PBS,
the ABC reagent (ABC Peroxidase Standard Staining
Kit-Thermo Fisher Scientific) was applied to the sections
and incubated for 30 min. After washing in PBS, color
reaction was performed with 3, 30-diaminobenzidine
(Vector Laboratories) and the slides were washed with
PBS. After counter-staining with hematoxylin and
clearing with a graded ethanol series and xylene, the
sections were mounted with Canada balsam. Observations
and photography were conducted using a microscope
(Olympus) equipped with a DP71 digital imaging system
(Olympus).

Immunocytochemistry

Cells were fixed with 4% paraformaldehyde and
permeabilized with 0.1% Triton X-100 in phosphate-
buffered saline (PBS). Following fixation, the cells
were incubated at 4°C overnight with mouse polyclonal
anti-human E-cadherin (1:200) N-cadherin (1:200),
anti-Jagged! (1:200), DLL4 (1:200), Rabbit polyclonal
anti-human anti-vimentin (1:200), and goat polyclonal
anti-human anti-SLUG (1:200) primary antibody in PBS
with 1% bovine serum albumin and 0.1% Triton X-100.
Immunostaining of the proteins was visualized using
Alexa Fluor 488-conjugated anti-rabbit and anti-mouse or
anti-goat secondary antibodies (Molecular Probes, Seoul,
Korea). Nuclei were counterstained with DAPI (Sigma-
aldrich). Immunostaining was observed with an Olympus
IX71 fluorescence microscope (Olympus, Seoul, Korea).

Real time quantitative PCR analysis

Total cell RNA was isolated using the Trizol reagent
(Invitrogen). RT-PCR was performed with Super-
Script III (Invitrogen) according to the manufacturer’s
instructions. A real time qPCR analysis was set up with the
KAPA SYBR FAST qPCR Master Mix (2X) and carried
out in a Rotor Gene Q system (Qiagen, Korea). All primers
used in this study were purchased from Macrogen, Korea.

Animal experiments

Green fluorescence protein (GFP)-labeled 4T1
breast cancer (1 x 10°) cells were injected into the fourth
mammary fat pad of athymic Balb/c female nude mice

(5 weeks of age; Orient). Irradiation (2 Gy x 5; 2 Gy/day
for 5 days) was then done five times every day. Tumor
sizes were measured with a caliper (calculated volume =
shortest diameter> x longest diameter/2) at three day
intervals. This study was reviewed and approved by the
Institutional Animal Care and Use Committee (IACUC)
of the Center for Laboratory Animal Sciences, the Medical
Research Coordinating Center, and the HYU industry-
University Cooperation Foundation.

Statistical analysis

All experimental data are reported as means; error
bars represent the standard deviation (SD) of at least three
independent tests. Statistical analyses were performed
using non-parametric Student’s ¢-tests to assess the
significance levels. Results were considered as significant
if ¥p <0.05, **p <0.01, ***p <0.001.
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