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Abstract: Notch-1, a type-1 transmembrane protein, plays critical roles in the pathogenesis and progression of
human malignancies, including breast cancer; however, the precise mechanism by which Notch-1 causes tumor
cell invasion and angiogenesis remain unclear. Nuclear factor-kB (NF-kB), interleukin-8 (IL-8), vascular endothelial
growth factor (VEGF), and matrix metalloproteinases (MMP) are critically involved in the processes of tumor cell
invasion and metastasis, we investigated whether targeting Notch-1 could be mechanistically associated with the
down-regulation of NF-kB, IL-8, VEGF, and MMP-9, resulting in the inhibition of invasion and angiogenesis of breast
cancer cells. Our data showed that down-regulation of Notch-1 leads to the inactivation of NF-kB activity and in-
hibits the expression of its target genes, such as IL-8, VEGF and MMP-9. We also found that down-regulation of
Notch-1 decreased cell invasion, and vice versa Consistent with these results, we also found that the down-regula-
tion of Notch-1 not only decreased MMP-9 mRNA and its protein expression but also inhibited MMP-9 active form.
Moreover, conditioned medium from Notch-1 siRNA-transfected breast cancer cells showed reduced levels of IL-8
and VEGF and, in turn, inhibited the tube formation of HUVECs, suggesting that down-regulation of Notch-1 leads
to the inhibition of angiogenesis. Furthermore, conditioned medium from Notch-1 cDNA-transfected breast cancer
cells showed increased levels of IL.-8 and VEGF and, in turn, promoted the tube formation of HUVECs, suggesting
that Notch-1 overexpression leads to the promotion of angiogenesis.We therefore concluded that down-regulation
of Notch-1 leads to the inactivation NF-kB and its target genes (IL.-8, MMP-9 and VEGF), resulting in the inhibition of
invasion and angiogenesis.
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Instruction

Notch proteins are ligand-dependent trans-
membrane receptors that transduce extracel-
lular signals responsible for cell fate and differ-
entiation throughout development and across
species [1, 2]. Notch-1 is a heterodimeric, 300-
kDa type 1 transmembrane receptor, which
mediates signaling induced by cell-to-cell con-
tact. Sequential cleavage of Notch-1 is requir-
ed for activation of the full-length receptors.
Intracellular domain of Notch-1 (ICN1), the
active form of Notch-1, is released by proteoly-
sis from the full-length Notch-1 and transferred
to the cell nucleus to associate with DNA-
binding protein to assemble a transcription
complex that activates downstream target

genes. Previous studies have identified a multi-
faceted functional role of Notch signal in diver-
se cellular processes such as cell differentia-
tion, proliferation, apoptosis, adhesion, migra-
tion and epithelial-to-mesenchymal transition
(EMT) [3]. Recent studies show the involvement
of notch-1 signaling in cancer angiogenesis and
metastasis [4-6]. However, the molecular me-
chanisms that underlie these effects remain
largely undefined.

Efforts to reduce growth and spread of neo-
plasms such as breast cancer have focused
recently on angiogenesis because they are
dependent in part on the formation of adequate
vascular support [7, 8]. Vascular endothelial
growth factor (VEGF) has been shown to induce
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proliferation of endothelial cells, increase vas-
cular permeability, induce the production of
plasminogen activator by breast cancer cells,
and prolong their survival [9, 10]. IL-8, a che-
moattractant cytokine, has been shown to
attract and activate neutrophils in inflammato-
ry regions and to be angiogenic [11]. As is true
for breast cancer, the extent of angiogenesis
correlates inversely with prognosis in patients
with breast cancer [12, 13]. Matrix metallopro-
teinase-9 (MMP-9) strongly influences tumor
development and metastasis, and is closely
related to the most aggressive subtypes and
lymph node metastasis of breast cancer [14,
15].

NF-kB is a transcription factor that plays an
important role in innate immunity and is a mas-
ter regulator of inflammation and variety of cel-
lular processes including angiogenesis, migra-
tion and invasion [16, 17], which is most likely
associated with increased expression of IL-8,
MMPs and VEGF [18-23].

Recent studies have found the significant rela-
tion was showed between Notch-1 and NF-kB.
In CaSki cervical cancer cells Notch-1 increased
NF-kB activity through associating with the IKK
signalosome through IKKalpha [24]. In breast
cancer cells, Genistein (Gen) inhibited NF-kB
activity via the Notch-1 pathway [25]. However,
it is still unknown how the cross-talk between
Notch-1 and NF-kB signaling pathways regu-
lates the malignant behaviors of human breast
cancer.

It has been shown that Notch-1 was overex-
pressed in breast cancer and higher Notch-1
expression was associated with transition from
ductal carcinoma in situ (DCIS) to invasive
cancer. Patients with Notch-1 overexpression
exhibited significantly worse overall and recur-
rence-free survival [26]. Therefore, we sought
to find novel avenues by which Notch-1 could
be inactivated, which may represent a promis-
ing strategy for the development of novel and
selective anticancer therapies for breast can-
cer.

In the present study, we provide evidence that
Notch-1 plays an important role in invasiveness
and angiogenesis of human breast cancer cells
concomitant with decrease in the expression of
NF-kB and its target genes (IL-8, MMP-9 and
VEGF), resulting in the inhibition of invasion and
angiogenesis.
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Materials and methods
Human breast cancer cells

Breast cancer cell lines MDA-MB-231, MCF-7,
SKBR-3 and T47D was purchased from ATCC
(Shanghai, China). The cells were maintained
in RPMI 1640 medium containing 10% FBS
(MediaTech CellGro, Hangzhou China), penicillin
(100 units/ml), and streptomycin (0.1 ug/ml)
(Invitrogen) in a humidified atmosphere incuba-
tor with 5% CO, at 37°C. Cells were routinely
subcultured twice weekly.

Transfection with siRNAs

Notch-1 siRNA and control siRNA were obtained
from Santa Cruz Biotechnology (Shanghai,
China). Cells were transfected with Notch-1
siRNA using the Oligofectamine reagent follow-
ing the manufacturer’s instruction. 24 hs prior
to transfection, 5 x 10* MDA-MB-231 cells/well
were seeded in six-well plates (corresponding
to a density of 40-60% at the time of transfec-
tion) without antibiotics. The transfection mix-
ture was prepared by mixing 175 ul of DMEM
containing 6 ul of 20 uM siRNA with 15 ul of
DMEM containing 3 ul of Oligofectamine
reagents. Before transfection, the medium in
6-well plates was replaced with serum-free
DMEM medium (800 ul/well). The transfection
mixture was added to the 6-well plate within
20-40 min after mixture preparation in a total
volume of 990 ul/well. The transfected cells
were incubated at 37°C for 4 h, and then 500
ul of DMEM medium containing 30% fetal
bovine serum was added. Cells were allowed to
grow further in a CO, incubator for 48 hs and
later harvested for further analysis.

Transfection with cDNA

The Notch-1 cDNA clones was purchased from
OriGene Technologies, Inc (Wuhan, China).
SKBR-3 cells were transfected with Notch-1
cDNA using the Oligofectamine reagent follow-
ing the manufacturer’s instruction. Cells were
allowed to be transfected for 36 hs and later
harvested for further analysis.

Western blot

Protein was quantified using the Bradford as-
say (Bio-Rad, Hercules, CA, USA), and equal
amounts of protein were separated on SDS-
polyacrylamide gels and transferred onto nitro-
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cellulose membranes (Amersham Biosciences,
Piscataway, NJ, USA). After blocking in 5% skim
milk for 1 h at room temperature, the mem-
branes were incubated with the indicated pri-
mary antibody at 4°C overnight, followed by a
horseradish peroxidase-conjugated secondary
antibody. The proteins were detected by chemi-
luminescence (Amersham Biosciences, Pisca-
taway, NJ, USA). The Western blot data were
quantified by measuring the intensity of the
hybridization signals using an image analysis
program (Fluor-ChemTM 8900, Alpha Inotech).

RT-PCR

Total RNA from transfected cells was isolated
usingthe RNeasy Kit (Qiagen, Guangzhou,China)
according to the manufacturer’s instructions.
Reverse transcription was performed at 42°C
for 60 min using oligo (dT)12-18 (Amersham,
Little Chalfont, UK). The primers for PCR ampli-
fication used in this study were as follows:
Notch-1: 5-GCAAGAAGAAGCGGAGAG-3’ and 5*-
AGCTGGCACCCTGATAGATG-3’; the Notch-1 PCR
product length was 423 bp. NF-kB p65 :
5-GACCTGGCATCTGTGGACAAC-3’ and 5-TCC-
GCAATGGAGGAGAAGTCT-3’, the amplified frag-
ment length was 221 bp. IL-8: 5-ATGACTT-
CCAAGCTGGCCGTGGCT-3" and 5-TCTCAGCCC-
TCTTCAAAAACTTCT-3’, the amplified fragment
length was 297-bp. Control GAPDH: 5-AGAT-
CCACAACGGATACATT-3’" and 5-TCCCTCAAGAT-
TGTCAGCAA-3’, the GAPDH PCR product length
was 308 bp. They all synthetized by Beijing
Aoke Biotechnology Company). The PCR condi-
tions were as follows: predenaturing at 94°C
for 2 min, denaturing at 94°C for 30 s, rean-
nealing at 53°C for 45 s, and elongation at
72°C for 30 s, for 30 cycles; and final elonga-
tion at 72°C for 10 min. The PCR products
underwent 1.5% agarose gel electrophoresis.

Electrophoretic mobility shift assay (EMSA)

Nuclear protein was extracted as the manufac-
ture’s instruction and the concentration was
determined by Bradford assay, using the Bio-
Rad protein assay solution (Bio-Rad Labo-
ratories, Inc., Hercules, CA, USA). NF-kB gel-
shift oligonucleotide (5-AGTTGAGGGGACTTTC-
CCAGGC-3’) was labeled with [32P]-dATP (Am-
ersham Bioscience, Piscataway, NJ, USA), using
T4 polynucleotide kinase (Promega Corp). End-
labeled probe was purified from unincorporat-
ed [32P]-ATP using a purification column (Amer-
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sham Biosciences, Bucking hamshire, UK) and
recovered in Tris-EDTA buffer (TE). Nuclear
extracts (5 ug) were preincubated in buffer con-
taining 12% glycerol, 12 mM HEPES, pH 7.9, 4
mM Tris-HCI, pH 7.9, 1 mM EDTA, 1 mM DTT, 25
mM KCl, 5 mM MgCl,, 0.04 pg/mL Poly (dI-dC)
(Amersham Bioscience), 0.4 mM PMSF, and TE.
The labeled probe was added and the samples
were incubated for 30 min at room tempera-
ture. The samples were subjected to electro-
phoretic separation at 4°C on a nondenaturing
5% acrylamide gel. The gel was dried at 80°C
for 40 min and exposed to a radiography film
for 6-18 h at -80°C with intensifying screens.

ELISA assay

The level of IL-8 ,MMP-9 and VEGF protein in
culture supernatants was determined using
a quantitative immunometric sandwich enzy-
me immunoassay (ELISA) kit (R&D Systems,
Guangzhou, China). The absorbance of the
samples was compared with the standard
curve.

Invasion assay

The invasive activity of the Notch siRNA trans-
fected or control siRNA or Cdna transfected
cells was tested using the BD BioCoat Tumor
Invasion Assay System (BD Biosciences) ac-
cording to manufacturer’s instructions.

HUVEC tube formation assay

The Notchl siRNA-transfected MDA-MB-231
cells or Notch-1 cDNA-transfected SKBR-3 cells
were cultured in serum-free RPMI 1640 for 24
hs. The conditioned media were collected, cen-
trifuged, transferred to fresh tubes, and stored
at-20°C. HUVECs were trypsinized and seed ed
(5 x 10* per well) in Matrigel-coatedwell with
250 ulL of conditioned medium from Notchl
cDNA-transfected or control plasmid-transfect-
ed cells. The tube formation was assayed.

Statistical analysis

All statistical analysis were performed using
SPSS.17 (IBM Corp.). Data were reported as
group mean + SEM. Statistical significance of
three or more experiments was determined by
performing a two-tailed, unpaired Student’s
t-test for two comparisons. Significance for all
statistical comparisons was set at p < 0.05.

Am J Transl Res 2016;8(6):2681-2692



Effect of Notchl on invasion and angiogenesis

A MDA-MB-231 MCF-7 T47D SKBR-3 B MDA-MB-231 MCF-7 T47D SKBR-3

. [—p——

B-actin j GAPDH
C MDA-MB-231 Control siRNA Notch-1 3|RNA MDA MB-231 Control sIRNA  Notch-1 siRNA

B-actin GAPDH

E SKBR-3 control cDNA Notch-1 cDNA
e

B-actin

Figure 1. Effect of siRNA or cDNA transfection on Notchl expression in MDA-MB-231, MCF-7, SKBR-3 and T47D
cells. A. Notchl protein expression was detected by western blot assay. B. Notch1l mRNA expression was detected by
RT-PCR assay. C. Representative images showing expression of S100A4 protein in control siRNA and Notch1-siRNA
transfected MDA-MB-231 cells as analyzed by Western blot assay. D. Representative images showing expression of
Notch1l mRNA in control siRNA and Notch1-siRNA transfected MDA-MB-231 cells as analyzed by RT-PCR assay. E.
Representative images showing expression of Notch1 protein in control cDNA and Notch1 cDNA transfected SKBR-3

cells as analyzed by Western blot assay.

Results

Expression of Notch-1 in human breast cancer
cell lines

The baseline expression of Notch-1 was deter-
mined in a panel of human breast cancer cell
lines MDA-MB-231, MCF-7, SKBR-3 and T47D.
The results showed that Notch-1 protein was
frequently expressed in different human breast
cancer cell lines (Figure 1A). We also examined
the relative mRNA levels of Notch-1 in four
breast cancer cell lines by reverse transcrip-
tion-PCR (RT-PCR). All the cell lines also
expressed differential levels of Notch-1 mRNA
(Figure 1B).

Effect of siRNA on Notch-1 expression in MDA-
MB-231 cells

MDA-MB-231 cell showed higher expression of
Notch-1 (Figure 1A, 1B) in the four cell lines.
We choose MDA-MB-231 for siRNA study. As
shown in Figure 1C, MDA-MB-231 cells trans-
fected with Notch-1 siRNA displayed significant
reduction in the expression levels of Notch-1
protein by Western blot analysis. Further, the
suppression of Notch-1 by siRNA in cells was
confirmed by RT-PCR analysis. Cells transfect-
ed with Notch-1 siRNA exhibited a significant
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reduction in mRNA level of Notch-1 (Figure 1D).
Control siRNA did not exhibit any effect on pro-
tein or MRNA levels of Notch-1 (Figure 1C, 1D).
These data confirmed the suppression effect of
siRNA and established the efficiency of siRNA
transfection.

Effect of Notch-1 overexpression on SKBR-3
cells

SKBR-3 cell showed lower expression of Notch-
1 (Figure 1A, 1B) in the four cell lines. We
choose SKBR-3 cell for cDNA transfection
study. SKBR-3 cells transfected with Notch-1
cDNA plasmid displayed a significant increase
in the expression levels of Notch-1 as com-
pared with vector control. The overexpression
of Notch-1 was confirmed by performing west-
ern blot analysis 36 h after transfection (Figure
1E). Because Notch-1 expression was observed
to be very high 36 h after transfection, we
selected this time point for further studies.

Down-regulation of Notch-1 decreased cancer
cell invasion andformation of capillary-like
structures

To examine the role of Notch-1 on the invasion

of human breast cancer cells, the MDA-MB-231
cells were transfected with human Notch-1
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Figure 2. Knockdown of Notch-1 inhibits the invasion of MDA-MB-231 cells and the formation of capillary-like
structures of HUVECs. A. Representative photomicrographs and histogram showing invasive capability of MDA-MB-
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231cells transfected with Notch-1 siRNA in a BD BioCoat Tumor Invasion Assay System (Magnification: x 100.) B.
Angiogenesis induced by human umbilical vein endothelial cells (HUVECs) cultured on Matrigel matrix in 96-well
plates with or without conditioned media of Notch-1 siRNA. Quantification of tubular morphogenesis induced in
HUVECs cells cultured with or without Notch-1 siRNA. Tube formation was determined by the length of tube-like
structures containing connected cells. Statistical significance of three or more experiments was determined by
performing a two-tailed, unpaired Student’s t-test for two comparisons. Columns represents mean; bars represents
SEM. *, p < 0.05.
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Figure 3. Notch1 overexpression promotes the invasion of SKBR-3 cells and the formation of capillary-like struc-
tures of HUVECSs. A. Representative histogram showing invasive capability of SKBR-3 cells transfected with Notch-1
cDNA in a BD BioCoat Tumor Invasion Assay System. B. Quantification of tubular morphogenesis induced in HUVECs
cells cultured with or without Notch1 cDNA. Tube formation was determined by the length of tube-like structures
containing connected cells. Statistical significance of three or more experiments was determined by performing a
two-tailed, unpaired Student’s t-test for two comparisons. Columns represents mean; bars represents SEM. *, p <
0.05.
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Figure 4. Down-regulation of Notch-1 on NF-kB DNA-binding activity and its target genes. The MDA-MB-231 cells were transfected with human Notch-1 siRNA or con-
trol siRNA for 48 hs. The expression of IL.-8, MMP-9 and VEGF was detected by western blot assay (A) and RT-PCR assay (B). NF-kB DNA-binding activity was detedted
by EMSA (C). The culture supernatant of IL-8, MMP-9 and VEGF was detected by ELISA (D-F). Statistical significance of three or more experiments was determined

by performing a two-tailed, unpaired Student’s t-test for two comparisons. vs control, “p<0.05.
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Figure 5. Notch-1 overexpression on NF-kB DNA-binding activity and its target genes. The SKBR-3 cells were transfected with human Notch-1 cDNA for 36 hs.The
NF-kB DNA-binding activity was detedted by EMSA (A). The expression of IL-8, MMP-9 and VEGF was detected by western blot assay (B) and RT-PCR assay (C). The
culture supernatant of IL-8, MMP-9 and VEGF was detected by ELISA (D-F). Statistical significance of three or more experiments was determined by performing a

two-tailed, unpaired Student’s t-test for two comparisons. vs control, “p<0.05.
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siRNA or control siRNA. We used Matrigel inva-
sion chamber assay to examine the invasive
potential of Notch-1 siRNA-transfected MDA-
MB-231 cells. As illustrated in Figure 2A, Notch-
1 siRNA-transfected cells showed a low level of
penetration through the Matrigel-coated mem-
brane compared with the control siRNA-trans-
fected cells.

Tumor growth and metastasis critically depend
on angiogenesis; therefore inhibiting this pro-
cess would inhibit tumor expansion. We hence
used HUVECs plated on Matrigel-coated plates
to examine the effect of siRNA on the forma-
tion of capillary tube in vitro. As shown in Figure
2B treatment of HUVECs with Notch-1 siRNA
significantly inhibited tube formation when
compared with control siRNA cells.

Notch-1 overexpression increased cancer cell
invasion andformation of capillary-like struc-
tures

To examine the role of Notch-1 overexpression
on the invasion of human breast cancer cells,
the SKBR-3 cells were transfected with Notch-1
cDNA. We used Matrigel invasion chamber
assay to examine the invasive potential of
Notch-1 cDNA-transfected SKBR-3 cells. As
illustrated in Figure 3A, Notch-1 cDNA-trans-
fected SKBR-3 cells showed a high level of pen-
etration through the Matrigel-coated mem-
brane compared with the control cDNA-trans-
fected cells. We used HUVECs plated on
Matrigel-coated plates to examine the effect of
cDNA on the formation of capillary tube in vitro.
As shown in Figure 3B. treatment of HUVECs
with Notch-1 cDNA significantly promoted tube
formation when compared with control cDNA
transfected SKBR-3 cells.

Down-regulation of Notch-1 decreased NF-kB
activity and NF-kB p65 expression

The NF-kB signaling pathway is also known
to regulate the expression of various genes
involved in tumor cells invasion. To investigate
whether Norch-1 could affect this pathway, we
first examined, by Western blotting, the phos-
phorylation status of phospho-p65 in Notch-1
siRNA-treated MDA-MB-231 cells. We found
that knockdown of Notchl drastically inhibited
the phosphorylation of NF-kB p65 (p65) (Figure
4A). RT-PCR assay showed the same results
that p65 mRNA was drastically inhibited (Figure
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4B). Next, we decided to measure the ability of
Notch-1 siRNA on NF-kB activity. As shown in
Figure 4C, low constitutive NF-kB activity was
detected by EMSA in Notch-1 siRNA transfect-
ed MDA-MB-231 cells.

Down-regulation of Notch-1 decreased IL-8,
MMP-9 and VEGF gene transcription and their
activities

The expression of IL-8, MMP-9 and VEGF is reg-
ulated by NF-kB. We therefore investigated
whether IL.-8, MMP-9 and VEG F were inhibited
by Notch-1 siRNA transfection. Western blot-
ting and RT-PCR were used to detect the altera-
tion in the expression of IL-8, MMP-9 and VEGF.
We found that both IL-8, MMP-9 and VEGF pro-
tein (Figure 4A) and mRNA (Figure 4B) levels
were dramatically decreased in the Notch-1
siRNA-transfected MDA-MB-231 cells. Next,
we examined whether the down-regulation of
Notch-1 could lead to a decrease in MMP-9
activity. There was a 2.8-fold decrease in the
activity of MMP-9 (Figure 4D). Consistently,
Notch-1 siRNA-transfected cells secreted sig-
nificantly decreased levels of VEGF and IL-8
into the culture supernatant, as determined by
quantitative IL.-8 and VEGF ELISA (Figure 4E,
4F).

Notch-1 overexpression increased NF-kB activ-
ity and p65 expression

Notch-1 cDNA was transfected into the SKBR-3
cells. We found that Notch-1 overexpression
increased NF-kB activity (Figure 5A). The speci-
ficity of NF-kB activity was confirmed by super-
shift. Furthermore, Notch-1 drastically increa-
sed the phosphorylation of p65 (Figure 5B)
and p65 mRNA (Figure 5C).

Notch-1 overexpression increased IL-8, MMP-9
and VEGF gene transcription and their activi-
ties

Western blotting and RT-PCR assay showed
that both the expression of IL.-8, MMP-9 and
VEGF protein (Figure 5B) and mRNA (Figure
5C) levels were dramatically decreased in the
Notch-1 cDNA-transfected SKBR-3 cells. In
addition, we found Notch-1 overexpression sig-
nificantly increase the IL.-8, MMP-9 and VEGF
activity as determined by quantitative ELISA
assay (Figure 5D-F).
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Discussion

Notch-1 signaling is known to play important
roles in maintaining the balance between cell
proliferation, differentiation, and apoptosis
[27]. The Notch-1 gene is abnormally activated
in many human malignancies, including breast
cancer [26]. Notch-1 is known to play critical
roles in the processes of tumor cell prolifera-
tion, invasion, and angiogenesis. In the present
study, we found that down-regulation of Notch-
1 significantly inhibited cell invasion and angio-
genesis and vice versa.

Previous studies have shown that Notch-1 acti-
vation could lead to the activation of NF-«B [24,
25]. NF-kB activation has also been reported to
be associated with metastatic phenotype of
tumor cells by regulating the expression of a
variety of important genes known to be as-
sociated with many cellular responses [28].
Because NF-kB plays important roles in many
cellular processes, studies on the interaction of
NF-kB activation with other cell signal trans-
duction pathways, including the Notch-1 and
NF-kB pathway, have received increased atten-
tion in recent years.

In this study, we found that Notch-1 activated
the NF-kB. In addition, we also found that down-
regulation of Notch-1 inhibited NF-kB activity.
Therefore, it is possible that Notch-1-induced
cell invasion and angiogenesis is due to activa-
tion of the NF-«kB activity. These data implied
that the cells with Notch-1 signal activation had
a greater invasive potential via regulation of
NF-«B.

It has been reported that Notch-1 promotes
both angiogenesis and metastasis in certain
tumor models and that inhibition of Notch-1
reduces tumor cell proliferation and metastasis
in breast cancer [29]. MMP-9 expression was
also elevated in the Notch-1-transfected breast
cancer cell line [22]. It is known that MMPs are
critically involved in the processes of tumor cell
invasion and metastasis and that MMP-9 is
directly associated with angiogenesis and met-
astatic processes [30, 31]. Here, we showed
that overexpression of Notch-1 increased MMP
-9 expression and the activity of MMP-9. Thus,
these results suggest that down-regulation of
Notch-1 potentiate antitumor and antimeta-
static activities partly through the down-regula-
tion of the expression of MMP-9.
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Another important molecule involved in tumor
cell invasion and angiogenesis is VEGF. Many
studies have documented that VEGF is a critical
mediator of angiogenesis and regulates most
of the steps in the angiogenic cascade [32, 33].
In the present study, we found a marked in-
crease in the secreted form of VEGF in Notch-1
cDNA-transfected cells. We also found a signifi-
cant reduction of VEGF secretion in the culture
medium of breast cancer cells by down-regula-
tion of Notch-1 using Notch-1 siRNA transfec-
tion. IL-8 was also an important molecule
involved in cell invasion and angiogenesis in
breast cancer [34]. In the present study, we
found that IL-8 secretion and expression was
significantly increased in Notch-1 cDNA-trans-
fected cells, and IL-8 secretion and expression
was significantly decreased in Notch-1 siRNA-
transfected cells.

Because we observed that overexpression of
Notch-1 increased the expression and activi-
ties of IL-8, MMP-9 and VEGF , we tested the
effects of overexpression of Notch-1 on the
migration and invasion of breast cancer cells
and tube formation (angiogenesis) of HUVECs.
We found that overexpression of Notch-1 in-
creased migration and invasion of breast can-
cer cells through Matrigel and induced tube for-
mation of HUVECs. These results are consis-
tent with activation of IL-8, MMP-9 and VEGF by
overexpression of Notch-1, resulting in the pro-
motion of cancer cell invasion and angiogene-
sis. In addition, down-regulation of Notch-1
inhibited migration and invasion of breast can-
cer cells through Matrigel and reduced tube for-
mation of HUVECs. Based on our results, we
speculated that one possible mechanism by
which Notch-1 induced invasion and angiogen-
esis is by the activation of NF-kB activity, which
leads to upregulation of NF-kB target genes,
such as IL-8, MMP-9 and VEGF. However, fur-
ther in depth studies are needed to ascertain
the precise molecular regulation of Notch-1 and
NF-kB and their cross talks in elucidating the
role of Notch-1 in cell growth, invasion, and
angiogenesis of breast cancer cells in animal
models and in human breast cancer.

Conclusion

In summary, we presented experimental evi-
dence that strongly supports the role of Notch-
1 sliencing as antitumor and antimetastatic
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mechanisms in breast cancer. Therefore, down-
regulation of Notch-1 could potentially be an
effective therapeutic approach for the inactiva-
tion of NF-kB and its target genes, such as IL-8,
MMP-9 and VEGF, which is likely to result in the
inhibition of cell growth, migration, invasion,
angiogenesis, and metastasis of breast can-
cer.
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