











IFN-B treated groups. The response to drugs occurred
rapidly after 5-FU and IFN-f co-treatment relative to other
groups. Apoptosis is triggered by the imbalance between
pro-apoptotic and anti-apoptotic protein of the Bcl-2
family, which determines the mitochondrial response to
apoptosis stimuli [39]. We found a decrease in the ratio
of the Bcl-2/BAX gene after 5-FU treatment, suggesting
the activation of pro-apoptosis function of 5-FU leading
to cell death. Although the Bcl-2/BAX ratio for induction
of apoptosis showed the greatest decrease in response
to 0.5 ug/ml of 5-FU, we selected the concentration of
1.0 ug/ml 5-FU following western blot analysis for co-
treatment with human IFN-B in breast cancer cells. In
this investigation, 5-FU and IFN-B stimulated BAX
overexpression for apoptosis in breast cancer cells via
synergistic effects. Similarly, p21 (Cipl/Waf1) expression
was significantly increased in the 5-FU/IFN-f co-treated
group relative to the 5-FU or IFN-B treatment only. We
then investigated the upstream consequences of these

effects by evaluating modulation of critical signaling
cascades linked to BAX and p21 mediated pathways.
Modulation of the activity of two critical signaling factors,
p53 and p38, was evaluated upon exposure to 5-FU+/—
IFN-B. p53 and p38 were phosphorylated in 5-FU+/—
IFN-B treated breast cancer cells, and combined inhibition
of 5-FU with IFN-B demonstrated synergy against these
cells. These data provided a mechanistic rationale for
investigation of whether NSCs expressing CD.IFN-
showed a synergistic effect through activation of p53 and
p38 protein. In a further study, immune response of human
IFN-f should be proved to analyze the exact mechanism
of its synergistic effect, because IFN-f is a strong cytokine
which can induce anti-viral and anti-cancer effects [40].
In conclusion, these results in this study demonstrate
the potential for use of NSCs as an effective delivery
system in the presence of a prodrug to target metastasis
of brain tumor via the VEGF/VEGFR2 pathway. Co-
expression of CD with the IFN-f gene induced apoptosis

Figure 8: Synergistic effect of 5-fluorouracil (5-FU) and human interferon-beta (IFN-B) for treating MDA-MB-231
cells. MDA-MB-231 cells were co-treated with 5-FU 1.0 ug/ml and IFN-f 500 Unit/ml for different lengths of time. Cell lysates were
used for immunoblotting analysis and incubated with primary antibodies, BAX, p21 (Cip1/Wafl), p53, and phospho-p38. (A) Expression
of BAX protein. (B) The relative value of BAX protein. (C) Expression of p21 (Cip1/Wafl) protein. (D) The relative value of p21 (Cipl/
Wafl) protein. (E) Expression of p53 and pp38 protein. (F) The relative value of p53 and pp38 protein. N: negative control (no treatment
with 5-FU or 5-FC), C: 5-FC treatment (1.0 pg/ml), U: 5-FU treatment (1.0 pg/ml), B: [IFN-f treatment (500 Unit/ml), U + B (5-FU 1.0 ug/
ml and IFN- 500 Unit/ml co-treatment). Data are presented as the mean & SD of three different experiments each performed in triplicate.
*p < 0.05 vs. negative control. #p < 0.05 vs. 5-FU 0.5 pg/ml treated cells. $p < 0.05 vs. 5-FU 5.0 pg/ml treated cells.
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and suppressed cell proliferation via modulation of key
signaling molecules such as p53 and p38. These findings
suggest the possibility of developing new stem-cell based
therapy for treating metastatic breast cancer.

MATERIALS AND METHODS

Cell culture

The breast cancer cell line, MDA-MB-231/
Luc, which stably expresses firefly luciferase as a
bioluminescent reporter gene, was purchased from KOMA
biotechnology (Seoul, Korea). These cells were cultured in
Dulbecco’s modified eagle’s medium (DMEM; Hyclone
Laboratories, Inc., Logan, UT, USA) supplemented with
10% (v/v) heat inactivated fetal bovine serum (FBS;
Hyclone Laboratory Inc.), 100 Unit/ml penicillin, 100 pg/
ml streptomycin (Cellgro Mediatech Inc., Manassas, VA,
USA), and 10 mM HEPES (Gibco, Carlsbad, CA, USA)
at 37°C in a humidified 5% CO, atmosphere. Human
NSCs, HBI1.F3, HB1.F3.CD and HBI.F3.CD.IFN-B
were obtained from Chungang University (Seoul, Korea)
and incubated in DMEM supplemented with 10% FBS,
100 Unit/ml penicillin, 100 pg/ml streptomycin, 10 mM
HEPES and 0.1% antimycoplasmal agents (Invivogen,
San Diego, CA, USA) at 37°C in a humidified 5% CO,
atmosphere. All cell lines were passaged using 0.05%
trypsin/0.02% EDTA (Gibco).

Xenograft and therapeutic effect of GESTECs

All animal experiments were approved by
the Animal Care Committee of Chungbuk National
University. Six weeks old female nude mice purchased
from Central Laboratory Animal (Seoul, Korea)
were housed in a pathogen free environment under a
12 h light/dark schedule with frequent ventilation.
During the experiment, mice were provided with an
autoclaved rodent diet (Central Lab. Animal Inc.) and
water ad libitum. To establish metastatic breast cancer
models in mice, MDA-MB-231/Luc cells (1 x 103
cells/mice) were suspended in 8 pl of 1 x phosphate
buffered saline (PBS) and directly implanted into
the white matter of the right hemisphere [anterior/
posterior (AP) +1.0 mm, medial/lateral (ML) +1.7
mm, dorsal/ventral (DV) —3.2 mm]. Two weeks later,
32 mice were randomly divided into four groups (each
n = 8); 1) a negative control, 2) HB1.F3 cell treated
group in the presence of 5-FC, 3) HBI1.F3.CD cell
treated group in the presence of 5-FC, 4) HB1.F3.CD.
IFN-B cell treated group in the presence of 5-FC. The
mice were injected into the left hemisphere with the
stem cells (1 x 103 cells/mice), HB1.F3, HB1.F3.CD,
or HB1.F3.CD.IFN-B cells, pre-stained with 2 uM
of  chloromethylbenzamide-1,1’-dioctadecyl-3,3,3'-
tetramethyl-indocarbocyanine perchlorate (CM-Dil;
Invitrogen Life Technologies, San Diego, CA, USA).

Control mice were injected with vehicle (8 ul PBS).
After injection of stem cells and vehicle, 5-FC (500
mg/kg/day; Sigma-Aldrich Co., St. Louis, MO, USA)
was administrated via an intraperitoneal (i.p.) injection
(once a day, 5 days per week for 2 weeks). All mice were
observed until the end point of the animal experiment, at
which point the survival rate of stem cells treated mice
was determined.

Bioluminescence imaging

Mice in both groups were imaged weekly using
an IVIS™ Spectrum Scanner (Xenogen; Caliper Life
Sciences, Hopkinton, MA, USA) containing a charge-
coupled (CCD) camera with photon emitting properties.
Briefly, 150 pg/kg of luciferase substrate D-luciferin
(Promega, Madison, WI, USA) in dissolved solution was
injected i.p. into each mouse at 10 min prior to imaging,
after which they were anesthetized with 1-3% isoflurane.
The minutes later, bioluminescent tumor cells were
detected by a CCD camera mounted in a light-tight box
and tumor regions were quantified using a total photon
counter (photon/s). Living Image controlled imaging
analysis software (Caliper Life Sciences, Waltham, MA,
USA). Regions-of-interest (ROI) of the same size and
shape were used for all mice throughout the study.

Hematoxylin and eosin staining (H & E staining)

Paraffin-fixed brains from control and NSCs treated
mice were used to conduct histopathological analysis. The
tumor tissues were collected after sacrificing the mice
and then fixed in 10% normal formalin (Sigma-Aldrich
Co.), embedded in paraffin blocks and cut with a sliding
microtome (3 um sections). After deparaffination and
rehydration, the slides were stained using hematoxylin
(Sigma-Aldrich Co.) and eosin (Sigma-Aldrich Co.).
To prevent sample contamination, stained slides were
hydrated and mounted using mounting solution. The size
and location of the tumor mass in the brain was observed
by light microscopy using a BX51 microscope (Olympus,
Japan).

Immunohistochemistry (IHC)

Paraffin embedded brain sections were subjected
to THC staining. Antigen retrieval of brain slides was
performed by microwave for 10 min in a chamber
containing citrate buffer (0.01 M; pH 6.0). Following
antigen retrieval, tissue slides were placed in 0.3%
methanol/hydrogen peroxidase (Sigma-Aldrich Co.) for
30 min to quench the endogenous peroxidase. To block the
non-specific binding of antibodies, this slide was incubated
with 10% normal goat serum (Vector Laboratories,
Burlingame, CA, USA) for 1 h. Subsequently, the slides
were incubated overnight with a mixture of anti-PCNA
(1:100, Abcam plc., Cambridge, UK) primary antibody
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in 5% bovine serum albumin (Sigma-Aldrich Co.) in a
humidified chamber. The next day, the slides were washed
three times in 1 x PBS-T (pH 7.4) and then incubated with
appropriate biotinylated secondary antibodies (Vector
Laboratories) for 30 min at room temperature. Slides
were subsequently rinsed with PBS-T for 10 min, after
which Vectastain Universal Elite ABC kit reagent (Vector
Laboratories) was applied for 30 min. Immunoreactive
complexes were detected using DAB substrate (Sigma-
Aldrich Co.) and counted after staining with hematoxylin.
Finally, slides were mounted with a cover slip using
mounting medium. All slides were visualized under a
BXS51 light microscope for digital photography.

Transwell assay

To investigate the effects of VEGF/VEGFR2
signaling pathway on the migration of GESTECs,
we performed an in vitro cell migration assay using a
24-well transwell with a pore size of 8 um (BD Biosciences,
Franklin Lakes, NJ, USA). MDA-MD-231/Luc cells
(1 x 10° cells/well) were cultured in the lower chamber of
the transwell and fibronectin was applied to the transwell
to induce the adhesion of migrated GESTECs. To inhibit
VEGF/VEGFR?2 signaling, stem cells was exposed to
KRN633 (Selleckchem, Houston, TX, USA) diluted
media before being seeded in the transwell. Briefly, after
starvation in serum free media, 100 uM KRN633 was
applied to each stem cell for 1 h. The CM-Dil pre-stained
GESTECs (1 x 10° cells/well) were then seeded in the
upper chamber of transwell after treatment with KRN633.
The chamber was subsequently incubated at 37°C for
24 h. After incubation, the non-migrated cells were scraped
with a plastic blade and then fixed in cold methanol. The
upper chambers of transwell were washed with PBS and
stained with 200 ng/ml 4', 6-Diamidino-2-phenylindole
(DAPI; Sigma-Aldrich Co.). Finally, migrated cells were
examined with an Olympus microscope (IX71 Inverted
Microscope, Olympus, Japan) connected to a fluorescence
detector.

Real-time and reverse transcription (RT)-PCR

Total RNA of breast cancer cells and stem cells
was extracted with TRIzol reagent (Invitrogen Life
Technologies) RNA extraction solution according to the
manufacturer’s recommendation. Reverse transcription
reaction was performed using 1 pg total RNA with
murine leukemia virus reverse transcriptase (MMLV-
RT; iNtRON Biotechnology, Sungnam, Kyeonggido,
Korea), 10 pM dNTP (Bioneer, Deajeon, Korea), nonamer
random primer (TaKaRa Bio., Shiga, Japan), 5 x RT buffer
(iNtRON Biotechnology) and RNase inhibitor (iNtRON
Biotechnology).

The real time PCR mixture was composed of
2 x SYBR green premix (TaKaRa Bio.), ROX (TaKaRa

Bio.) as a reference dye, and sense and antisense primers
(Bioneer). PCR was conducted to detect chemoattractant
factor genes including urokinase-type plasminogen
activator (uPA), SDF-1a, VEGF, monocyte chemotactic
protein 1 (MCP-1), and stem cell factor (SCF). The PCR
program consisted of 40 cycles of denaturation at 95°C
for 15 s, annealing at 58°C for 20 s, and extension at 72°C
for 15 s, and all analyses were carried out in triplicate for
each sample. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was used for normalization. The mRNA levels
of these genes were determined using the 2722 method
and the specific primer sets listed in Table 1.

To analyze the mRNA levels of VEGFR2 or
BAX/Bcl-2 genes in the MDA-BD-231 cells following
KRN633 or 5-FU (Sigma-Aldrich Co.) treatment, PCR
was performed using cDNA template, Taq polymerase
(INtRON Biotechnology), dNTP, 10 x PCR buffer
(iINtRON Biotechnology), and specific primer sets
(Bioneer). The PCR program consisted of 30 cycles
of denaturation at 95°C for 30 s, annealing at 58°C
for 30 s, and extension at 72°C for 30 s. PCR products
were separated by electrophoresis on 1.5% agarose gel
containing ethidium bromide (EtBr; Sigma-Aldrich Co.)
and analyzed using Gel Doc 2000 (BioRad Laboratories
Inc., Hercules, CA, USA). GAPDH was used as an
endogenous control for normalization.

Western blot

Following 5-FU and/or IFN- treatment of breast
cancer cells and KRN633 treatment of stem cells, whole
cell lysates were extracted from the cancer and stem
cells. Briefly, samples were placed in protein extraction
solution (1 x RIPA solution; 50 mM Tris-HCI, pH 8.0, 150
mM NaCl, 1% NP-40, 0.5% deoxycholic acid, and 0.1%
sodium dodecyl sulfate) with protease and phosphatase
inhibitor cocktail (Roche Applied Science, Mannheim,
Germany), incubated overnight at 4°C, and then
centrifuged at 14,000 rpm for 30 min. The concentration of
the protein was then determined using bicinchoninic acid
(BCA; Sigma-Aldrich Co.) and copper (II) sulfate (Sigma-
Aldrich Co.) mixture. Next, 40 ug of whole cell lysate was
resolved by 12% SDS-polyacrylamide gel electrophoresis
(SDS-PAGE), after which fractionated proteins were
transferred to polyvinylidene difluoride (PVDF) transfer
membrane (BioRad Laboratories Inc.). The membrane
was subsequently blocked with 5% skim milk (BioRad
Laboratories Inc.) blocking buffer to inhibit the non-
specific interaction with primary antibody for 2 h and
then washed four times in 1 x TBS buffer (adjusted to pH
7.6 with HCI) containing 0.1% (v/v) Tween 20 (BioRad
Laboratories Inc.). Next, the membrane was incubated
with primary antibody, mouse monoclonal anti-p21 (Cipl/
Wafl) (1:1,000 dilution, Cell Signaling Technology, Inc.,
Danvers, MA, USA), anti-p53 (1:1,000 dilution, Santa
Cruz Biotechnology, Inc. Dallas, TX, USA), anti-BAX
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Table 1: Sequences of specific sense/antisense primer sets

mRNA Sequence (5'—>3")
WPA Sense GGCAGGCAGATGGTCTGTAT
Antisense TTGCTCACCACAACGACATT
Sense GTGTCACTGGCGACACGTAG
SDE-o Antisense TCCCATCCCACAGAGAGAAG
MCP-1 Sense CAAGCAGAAGTGGGTTCAGGA
Antisense TCTTCGGAGTTTGGGTTTGC
VEGE Sense CCAGCACATAGGAGAGATGAGCTT
Antisense TCTTTCTTTGGTCTGCATTCACAT
Sense GGCAAATCTTCCAAAAGACTACA
SCE Antisense GCCTTCAGAAATATTTGAAAACTTG
GAPDH Sense ATGTTCGTCATGGGTGTGAACCA
Antisense TGGCAGGTTTTTCTAGACGGCAG

(1:1,000 dilution, Cell Signaling Technology, Inc.), anti-
GAPDH (1:1,000 dilution, Santa Cruz Biotechnology,
Inc.), rabbit polyclonal anti-phospho-Erk1/2 (1:1,000
dilution, Cell Signaling Technology, Inc.), anti-phospho-
Akt1/2/3 (1:1,000 dilution, Cell Signaling Technology,
Inc.), anti-c-fos (1:2,000 dilution, Abcam plc., Cambridge,
UK), or anti-phospho-p38 (1:1,000 dilution, Cell Signaling
Technology, Inc.) in 1 x TBS with 3% (w/v) BSA (Sigma-
Aldrich Co.) and 0.1% (v/v) Tween 20 overnight at 4°C.
Samples were then incubated with specific antibody
followed by the appropriate horseradish peroxidase (HRP)
conjugated secondary antibody, goat anti-mouse IgG
(1:3,000 dilution, Bio-Rad Laboratories Inc.) or goat anti-
rabbit IgG (1:3,000 dilution, Santa Cruz Biotechnology,
Inc.) for 2 h. Positive immunoreactive proteins were
detected using an ECL West-Q Chemiluminescent
Substrate Plus Kit (GenDEPOT, Barker, TX, USA).

5-FU and IFN-$ treatment

For analysis of 5-FU effects in stem cell therapy,
cancer cells were treated with various concentrations of
5-FU (0.5, 1.0, and 5.0 ug/ml), after which proteins were
harvested at 5 m, 10 m, 15 m, 30 min, 1 h, 3 h, and 6 h
following 5-FU treatment. To measure the expression of
the apoptotic genes BAX and Bcl-2, MDA-MB-231 cells
were exposed to 0.5, 1.0, and 5.0 pg/ml of 5-FU for 3,
6, 9, and 24 h. To investigate the synergistic effects of
5-FU and IFN-$ (PBL Assay Science, Piscataway, NJ,
USA), we co-treated samples with 1.0 pug/ml of 5-FU and
500 Unit/ml of human IFN- in cultured MDA-MD-231
cells. Finally, whole protein was extracted using protein
extraction solution.

Statistical analysis

Experiments for RNA or protein quantification were
carried out three times, after which statistical analyses
were conducted using Graph Pad Prism 5 (Graph Pad
Software, San Diego, CA, USA). Significant differences
among groups were identified by one-way ANOVA
followed by Tukey’s test. Probability values < 0.05 were
considered significantly different.
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