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Abstract
Benzyl isothiocyanate (BITC) is a promising anticancer constituent of edible cruciferous
vegetables with in vivo efficacy against chemically-induced as well as oncogene-driven breast
cancer in experimental rodents. However, the mechanism underlying anticancer effect of BITC is
not fully understood. The present study was undertaken to determine the role of Notch signaling in
anticancer responses to BITC as this pathway is often hyperactive in human breast cancer.
Exposure of MCF-7, MDA-MB-231, and SUM159 human breast cancer cells to pharmacologic
concentrations of BITC (2.5 and 5 μM) resulted in cleavage (activation) of Notch1, Notch2, and
Notch4, which was accompanied by induction of γ-secretase complex components Presenilin1
and/or Nicastrin. The BITC-mediated cleavage of Notch was associated with its transcriptional
activation as revealed by RBP-Jk and Hes-1A/B luciferase reporter assays. Inhibition of cell
migration or cell viability resulting from BITC exposure was not influenced by pharmacological
suppression of Notch1 using a γ-secretase inhibitor or RNA interference of Notch 1 as well as
Notch4. On the other hand, the BITC-mediated inhibition of cell migration, but not cell viability,
was significantly augmented by siRNA and shRNA knockdown of Notch2 protein. Furthermore,
the BITC-mediated inhibition of MDA-MB-231 xenograft growth in vivo was associated with a
significant increase in nuclear levels of cleaved Notch2 and Hes-1 proteins. In conclusion, the
results of the present study indicate that (a) BITC treatment activates Notch2 in cultured and
xenografted human breast cancer cells, and (b) Notch2 activation impedes inhibitory effect of
BITC on cell migration.
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Introduction
Population-based case-control studies continue to provide compelling evidence for an
inverse association between dietary intake of cruciferous vegetables and the risk of cancer,
and this association is quite persuasive for breast cancer [1-4]. Anticancer effect of
cruciferous vegetables is partly attributed to chemicals with an isothiocyanate (−N=C=S)
functional group [5]. Benzyl isothiocyanate (BITC) is one such naturally-occurring
constituent of edible cruciferous vegetables (e.g., garden cress) with in vivo efficacy against
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breast cancer in experimental animals [6-9]. Cancer protective effect of BITC was first
recognized by Wattenberg [6], who demonstrated inhibition of 7,12-
dimethylbenz[a]anthracene-induced mammary tumor formation in female Sprague-Dawley
rats. Studies from our own laboratory have shown that BITC administration in the diet (3
μmol BITC/g diet) confers significant protection against mammary hyperplasia and
carcinoma incidence and/or burden in a clinically-relevant transgenic mouse model [7]. The
BITC administration was also shown to inhibit in vivo growth of transplanted breast cancer
cells in mice [8,9].

The mechanism by which BITC inhibits growth of breast cancer cells is still not fully
understood, but known pharmacological effects potentially contributing to its anticancer
response include growth arrest [10], p53-independent apoptosis induction facilitated by
downregulation of X-linked inhibitor of apoptosis protein [11-13], suppression of estrogen
receptor-α expression [14], inhibition of signal transducer and activator of transcription 3
[15], and tumor infiltration of T cells [7]. Because pathogenesis of breast cancer is complex
often involving abnormalities in various checkpoints and activation of different oncogenes,
ability to target multiple pathways is desirable for preventive agents. Agents targeting a
single pathway may have limited clinical utility as exemplified by selective estrogen
receptor modulators [16].

More recent studies from our laboratory have revealed that BITC is a potent inhibitor of
epithelial-mesenchymal transition (EMT) in cultured and xenografted human breast cancer
cells [17]. However, the molecular mechanism by which BITC inhibits EMT is still elusive.
EMT is a normal physiological process essential for embryonic development, tissue
remodeling, and wound healing. At the same time, EMT is one of the key mechanisms
contributing to tumor invasion and metastasis [18-20]. Mechanistic understanding of the
EMT induction in cancer cells continues to evolve, but several pathways have been
implicated in regulation of this process including Notch signaling [18-21]. The Notch
pathway regulates expression of genes involved in cell fate determination including
proliferation and differentiation [22-24]. Moreover, Notch pathway is implicated in
mammary carcinogenesis [25-28]. The present study was undertaken to explore the
possibility of whether BITC inhibits Notch activation using a panel of human breast cancer
cell lines (MCF-7, MDA-MB-231, and SUM159) and MDA-MB-231 xenografts from
control and BITC-treated mice.

Materials and methods
Ethics statement

Archived tumor sections from our previously published in vivo study [8] were used to
determine the effect of BITC administration on expression of cleaved Notch2 and Hes-1.
Use of mice and their care [8] was in accordance with the University of Pittsburgh
Institutional Animal Care and Use Committee guidelines (protocol number 0704557).

Reagents
The BITC (purity >98 %) was purchased from the LKT Laboratories. Cell culture reagents
including fetal bovine serum, antibiotics, and Oligofectamine were purchased from
Invitrogen-Life Technologies (Carlsbad, CA). Antibodies specific for detection of cleaved
Notch1, transmembrane (uncleaved) Notch1, transmembrane (uncleaved) Notch2, Jagged1,
Jagged2, Presenilin1, and Nicastrin were from Cell Signaling Technology (Beverly, MA);
an antibody specific for detection of cleaved Notch2 was from EMD Millipore (Billerica,
MA); an antibody against transmembrane (uncleaved) Notch4 was from Santa Cruz
Biotechnology (Santa Cruz, CA); antibody against Hes-1 was from Novus Biologicals
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(Littleton, CO); and antibodies against actin and cleaved Notch4 were from Sigma-Aldrich
(St. Louis, MO). A γ-secretase inhibitor {N-[N-(3,5-difluorophenacetyl-L-alanyl)]-S-
phenylglycine-t-butyl ester; hereafter abbreviated as DAPT} was purchased from
Calbiochem (Billerica, MA). The Notch1, Notch2 and Notch4-targeted small interfering
RNA (siRNA) were purchased from Santa Cruz Biotechnology. A nonspecific control
siRNA was purchased from Qiagen (Germantown, MD). The Notch2-targeted small hairpin
RNA (shRNA) and control shRNA were purchased from Santa Cruz Biotechnology.

Cell lines
The MCF-7 and MDA-MB-231 cell lines were purchased from American Type Culture
Collection (Manassas, VA) and maintained as described by us previously [10, 12]. The
SUM159 cell line was purchased from Asterand (Detroit, MI) and cultured in Ham’s F-12
media supplemented with 5% fetal bovine serum, 1 μg/mL hydrocortisone, 5 μg/mL insulin,
and 10 mM HEPES.

Western blotting
Stock solution of BITC was prepared in dimethyl sulfoxide (DMSO), and an equal volume
of DMSO (final concentration 0.1%) was added to controls. After treatment, the cells were
collected and processed for immunoblotting as described by us previously [29, 30].
Immunoreactive bands were visualized using enhanced Chemiluminescence reagent.

Luciferase reporter assay
Cignal RBP-Jk luciferase reporter kit (SABiosciences-Qiagen) was used to determine the
effect of BITC treatment on transcriptional activity of Notch. The RBP-Jk [C protein
binding factor 1/Suppressor of Hairless/Lag1 (CBF1/Su(H)/Lag1)] is a direct downstream
modulator of Notch signaling [23, 24]. Notch intracellular domain (cleaved Notch) binds to
CSL/CBF1/Su(H)/Lag1 and converts it from a transcriptional repressor to a transcriptional
activator [23, 24]. The Hes-1A/B reporter construct was a generous gift from Dr Kimberly
E. Foreman (Loyola University Chicago, IL). The Hes-1A/B luciferase reporter construct
contains the −194 to +160 promoter fragment of the Hes-1 gene inserted upstream of the
luciferase gene in pGL2 [31]. The cells were transfected with the RBP-Jk or Hes-1A/B
reporter construct and pRL-CMV using Fugene6. Twenty-four hours after transfection, the
cells were treated with DMSO (control) or BITC (2.5 and 5 μM) for 24 hours. Luciferase
activity was determined using Dual-Luciferase Reporter Assay kit from Promega (Madison,
WI) as described by us previously [17].

RNA interference of Notch
The cells were transfected at ~50% confluency with a control nonspecific siRNA or Notch1-
targeted siRNA (100 nM), Notch2-targeted siRNA (100 nM), or Notch4-targeted siRNA
(200 nM) using Oligofectamine. Twenty-four hours after transfection, the cells were treated
with DMSO (control) or BITC (5 μM) for 24 hours. Subsequently, the cells were collected
and processed for western blotting and cell proliferation and cell migration assays.

Stable transfection with Notch2-targeted shRNA
The MDA-MB-231 cells were transfected with 2 μg of a control shRNA or 2 μg of a
Notch2-targeted shRNA using shRNA transfection medium and reagent from Santa Cruz
Biotechnology, and selected by culture in medium supplemented with 10 μg/mL puromycin
over 4 weeks.
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Cell proliferation assay
Cell proliferation was determined using MTS reagent (Promega) according to the supplier’s
instructions. The number of living cells is directly proportional to the absorbance at 490 nm
of a formazan product.

Cell migration assay
Transwell Boyden chamber containing 8 μm polycarbonate filter was used to determine cell
migration. Cell migration was determined as described by us previously [17].

Immunohistochemistry for cleaved Notch2 and Hes-1 in MDA-MB-231 xenografts
Immunohistochemistry was performed to determine the effect of BITC administration on
expression of cleaved Notch2 and Hes-1 in vivo as described by us previously for other
proteins [30]. Expression of cleaved Notch2 and Hes-1 in the nucleus was determined using
Nuclear v9.1 algorithm of Aperio Image Scope software which automatically counts blue-
negative and brown-positive stained nuclei and categorizes them according to intensity (0,
1+, 2+ or 3+). Results are computed as percent positive nuclei accounting for both count and
intensity.

Results
BITC treatment increased levels of cleaved Notch1, cleaved Notch2, and cleaved Notch4 in
human breast cancer cells

Activation of notch involves its binding to adjoining ligand (e.g., Jagged1 and Jagged2)
leading to a conformational change within the receptor followed by another cleavage
mediated by the γ-secretase complex at a site located within the Notch transmembrane
domain [24]. The net outcome of the second cleavage is release of the Notch intracellular
domain into the cytoplasm, which then translocates to the nucleus to regulate target gene
expression [23, 24]. Levels of cleaved Notch1, cleaved Notch2, and cleaved Notch4 proteins
were increased markedly upon 12- and 24-hour treatment with BITC in MCF-7 cells (Fig.
1a), which are estrogen-responsive and express wild-type p53. The BITC-mediated cleavage
of Notch1, Notch2, and Notch4 was also observed in the MDA-MB-231 cell line, which is
an estrogen-independent cell line with mutant p53 (Fig. 1b). However, the MDA-MB-231
cell line was relatively more sensitive to BITC-mediated cleavage of Notch1 and Notch2
compared with MCF-7 cells (Fig. 1a,b). The BITC-mediated increase in levels of cleaved
Notch1, cleaved Notch2, and cleaved Notch4 was also evident in SUM159 (Fig. 1c), which
is a triple-negative human breast cancer cell line. Effect of the BITC treatment on Jagged1
and Jagged2 protein expression was different between MCF-7 and MDA-MB-231 cells. The
BITC-treated MCF-7 cells exhibited a marked decrease in expression of both Jagged1 and
Jagged2 proteins, which was evident as early as 6 hours post-exposure (Fig. 1a). On the
other hand, the BITC treatment resulted in a marked induction of Jagged1 and Jagged2
proteins in MDA-MB-231 cells at 6- and 12-hour time points, but this effect was diminished
at 24-hour time point (Fig. 1b). In SUM159 cells, the BITC treatment caused transient
induction of Jagged1 (6-hours) followed by decline in its expression (12- and 24-hours) but
sustained Jagged2 induction when compared with DMSO-treated control (Fig. 1c). Finally,
the expression of γ-secretase complex component Presenilin1 was decreased after treatment
with BITC at each time point in MCF-7 cells (Fig. 1a). On the other hand, the BITC
treatment resulted in induction of Nicastrin in MCF-7 cells, which was sustained for the
duration of the study at 5 μM concentration (Fig. 1a). Presenilin1 and Nicastrin proteins
were increased robustly upon BITC exposure in MDA-MB-231 cells (Fig. 1b). Induction of
Presenilin1 and Nicastrin was also observed in SUM159 cells, albeit with different kinetics
(Fig. 1c). Specifically, induction of Presenilin1 expression in SUM159 cells peaked between
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6- and 12-hours, whereas the BITC-mediated increase in Nicastrin expression was maximal
at 24-hour time point at least with the 5 μM dose (Fig. 1c). Collectively, these results
indicated that BITC treatment resulted in cleavage of Notch1, Notch2, and Notch4 in breast
cancer cells.

Effect of BITC treatment on transcriptional activity of Notch
Next, we determined the effect of BITC treatment on transcriptional activity of Notch.
Exposure of MCF-7, MDA-MB-231, and SUM159 cells to BITC for 24 hours resulted in a
statistically significant increase in RBP-Jk luciferase reporter activity especially at the 5 μM
concentration (Fig. 2a). The Hes1A/B-associated luciferase activity was also increased
significantly upon 24-hour treatment with 5 μM BITC in each cell line (Fig. 2b).

Effect of pharmacological and genetic suppression of Notch1 cleavage on BITC-mediated
inhibition of cell migration

Previous studies have shown that knockdown of Notch1 decreases cell migration in cancer
cells [32]. We designed experiments using MDA-MB-231 and SUM159 cells (MCF-7 cells
were not used because of weak migratory potential) and a pharmacological inhibitor of γ-
secretase (DAPT) to test the consequences of Notch1 activation in BITC-mediated inhibition
of cell migration. The BITC-mediated increase in levels of cleaved Notch1 protein (Fig. 3a),
but not cleaved Notch2, was markedly suppressed in the presence of 20 μM DAPT in MDA-
MB-231 and SUM159 cells. These results indicated that DAPT preferentially inhibited the
BITC-mediated cleavage of Notch1. These observations are intriguing but not unique to our
study. For example, Harrison et al [33] have shown previously that treatment with 10 μM
DAPT decreases levels of cleaved Notch1 but not cleaved Notch4 in MCF-7, MDA-
MB-231, and BT474 human breast cancer cells. We tend to agree with the conclusions of
the Harrison et al [33] that DAPT preferentially affects Notch1 activity. At the same time,
the possibility that BITC-mediated cleavage of Notch2 involves other mechanism(s) can’t be
discarded. The BITC-mediated inhibition of MDA-MB-231 or SUM159 cell migration was
not affected by DAPT in either cell line (Fig. 3c). These results suggested that Notch1
activation did not impart a significant effect on the BITC-mediated inhibition of cell
migration.

We utilized siRNA targeted against Notch1 to confirm the results with DAPT. The MDA-
MB-231 cells transiently transfected with the Notch1-targeted siRNA exhibited a near
complete loss in the level of transmembrane (uncleaved) Notch1 when compared with the
cells transfected with control siRNA (Fig. 4a). Consistent with the results using DAPT,
RNA interference of Notch1 had minimal effect on BITC-mediated inhibition of MDA-
MB-231 cell migration (Fig. 4b,c). Moreover, the BITC-mediated inhibition of MDA-
MB-231 cell viability was not affected by RNA interference of Notch1 (Fig. 4d).
Collectively, these results indicated that Notch1 activation had no impact on BITC’s ability
to inhibit cell migration or cell viability.

RNA interference of Notch2 augments BITC-mediated inhibition of cell migration
Levels of transmembrane (uncleaved) Notch2 were decreased by >90% upon transfection of
the MDA-MB-231 and SUM159 cells with the Notch2-trageted siRNA when compared with
the cells transfected with the control siRNA (Fig. 5a). The increase in levels of cleaved
Notch2, but not cleaved Notch1 or cleaved Notch4, upon treatment with BITC was
markedly suppressed by RNA interference of Notch2 in both MDA-MB-231 and SUM159
cells (Fig 6). Transient transfection with the Notch2-targeted siRNA alone resulted in a
decrease in MDA-MB-231 and SUM159 cell migration compared with the control siRNA-
transfected cells (Fig. 5b). The BITC-mediated inhibition of cell migration was significantly
augmented by knockdown of the Notch2 protein in both cell lines (Fig. 5c). On the other
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hand, inhibition of cell viability resulting from BITC exposure was not affected by Notch2
protein knockdown in either MDA-MB-231 cells or SUM159 cells (Fig. 5d).

We created a variant of MDA-MB-231 cell line with stable knockdown of Notch2 using a
shRNA to further test its role in BITC-mediated inhibition of cell migration. Level of
Notch2 protein was decreased by >90% in MDA-MB-231 cells stably transfected with the
Notch2-targeted shRNA compared with control shRNA-transfected cells (Fig. 7a). Similar
to siRNA transfection experiments, the BITC-mediated inhibition of MDA-MB-231 cell
migration was augmented by stable knockdown of Notch2 protein (Fig. 7b, c). Stable
knockdown of Notch2 protein had no meaningful impact on BITC’s ability to inhibit cell
proliferation (results not shown). Collectively, these results indicated that Notch2 activation
by BITC impeded its inhibitory effect on cell migration.

Notch4 activation is dispensable for BITC-mediated inhibition of cell migration
Next, we proceeded to determine the role of Notch4 activation in BITC-mediated inhibition
of cell migration using MDA-MB-231 cells. Level of transmembrane (uncleaved) Notch4
protein was decreased by 60% upon transient transfection of MDA-MB-231 cells with the
Notch4-targeted siRNA (Fig. 8a). Similar to Notch1, RNA interference of Notch4 alone had
minimal effect on MDA-MB-231 cell migration (Fig. 8b). Moreover, inhibition of MDA-
MB-231 cell migration resulting from BITC exposure was not influenced by RNA
interference of Notch4 (Fig. 8c).

Immunohistochemical analysis for cleaved Notch2 and Hes-1 proteins in MDA-MB-231
xenografts

We used archived MDA-MB-231 tumor xenografts from our previously completed study [8]
to determine the effect of BITC administration on levels of cleaved Notch2 and Hes-1.
Representative images for cleaved Notch2 expression in MDA-MB-231 tumor xenografts
from three mice each of the control group and the BITC treatment groups are shown in Fig.
9a. Nuclear levels of cleaved Notch2 was significantly higher in the MDA-MB-231 tumor
xenografts from BITC-treated mice compared with control mice (Fig. 9b). Similarly, BITC
administration resulted in a modest yet significant increase in nuclear levels of Hes-1 protein
compared with control (Fig. 9c, d). These results provided in vivo evidence for BITC-
mediated activation of Notch2 in xenografted MDA-MB-231 cells.

Discussion
Accumulating evidence implies critical role for Notch signaling in mammary carcinogenesis
[22-28]. Overexpression of activated Notch1 and Notch3 in transgenic mice induces
mammary tumorigenesis [25] and high level expression of Notch1 and its ligands is
associated with poor outcome in breast cancer patients [26-28]. Induction of Notch1 activity
and function by ErbB2 and cross-talk between Notch and estrogen receptor has also been
documented in breast cancer cells [34, 35]. Impetus to determine the effect of BITC on
Notch signaling stemmed from the following observations: (a) BITC is a potent inhibitor of
EMT in breast cancer cells [17], (b) Jagged1-mediated Notch activation induces EMT
through Slug-induced repression of epithelial marker E-cadherin [36], and anticancer effect
of BITC is characterized by suppression of various oncogenic pathways including nuclear
factor-κB [37], signal transducer and activator of transcription 3 [15], and Akt [38]. The
present study reveals that BITC treatment increases levels of cleaved Notch1, cleaved
Notch2, and cleaved Notch4 leading to transcriptional activation of Notch in human breast
cancer cells, but only Notch2 activation has functional relevance in the context of BITC’s
effect on cell migration. The BITC-mediated activation of Notch in breast cancer cells is
evident at concentrations (2.5 to 5 μM) below peak plasma achievable dose of 6.5 μM [38].
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The BITC administration to the tumor bearing athymic mice causes significant increase in
nuclear levels of cleaved Notch2 in MDA-MB-231 xenografts. It is reasonable to propose
that BITC-mediated inhibition of EMT is not caused by suppression of Notch.

We have consistently observed cell line-specific differences in effect of BITC treatment on
expression of Jagged1 and Jagged2 proteins. In MCF-7 cells, BITC treatment consistently
decreased levels of both Jagged1 and Jagged2 proteins (Fig. 1a). Surprisingly, the MDA-
MB-231 cells consistently exhibited a transient increase followed by decline in expression
of Jagged1 and Jagged2 proteins upon treatment with BITC (Fig. 1b). The molecular basis
for differential effect of BITC on Jagged1 and Jagged2 protein expression in MCF-7 versus
MDA-MB-231 cells remains to be determined, but may be related, for example, to
differences in Notch3 and/or Wnt/β-catenin [39]. Both Notch3 and Wnt/β-catenin have been
shown to be positive regulators of Jagged1 expression in ovarian cancer cells [39], and a
similar association in breast cancer cells is highly plausible. Interestingly, the Wnt/β-catenin
is constitutively active in the MCF-7 cells but not in the MDA-MB-231 cell line [40]. It is
possible that the BITC-mediated decrease in Jagged1 expression in the MCF-7 cell line is
due to inactivation of the Wnt/β-catenin pathway. Similarly, the possibility that cell line-
specific differences in effect of BITC treatment on Jagged1 and Jagged2 protein expression
in MCF-7 and MDA-MB-231 cells are due to differential Notch3 expression and/or
activation status can’t be overlooked. Additional work is necessary to explore these
possibilities. Nevertheless, the BITC-mediated decrease in levels of Jagged1 and Jagged2
proteins in MDA-MB-231 cells at the 24-hour time points is not due to their proteasomal
degradation. This conclusion is based on our unpublished observations that proteasomal
inhibitor MG132 (1 μM) is unable to rescue suppression of Jagged 1 and Jagged2 protein
expression upon exposure to BITC (results not shown).

The mechanism by which Notch2 protein knockdown augments BITC-mediated inhibition
of cell migration is not yet clear. Modulation of urokinase-type plasminogen activator (uPA)
expression is one such possible mechanism because uPA is a direct transcriptional target of
Jagged1-Notch signaling in breast cancer cells [41]. Moreover, high uPA expression
correlates with breast cancer recurrence and metastasis [42]. However, our preliminary
unpublished studies indicate that BITC treatment decreases uPA expression in breast cancer
cells (Sehrawat A, Kim SH, Singh SV, unpublished observations). Our unpublished results
are consistent with the BITC-mediated decrease in uPA levels observed in the HT29 colon
cancer cells [43]. Further studies are needed to experimentally address this question.

Abbreviations

BITC benzyl isothiocyanate

EMT epithelial mesenchymal transition

DAPT N-[N-(3,5-difluorophenacetyl-L-alanyl)]-S-phenylglycine-t-butyl ester

siRNA small interfering RNA

shRNA small hairpin RNA

DMSO dimethyl sulfoxide

uPA urokinase-type plasminogen activator
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Fig. 1.
The BITC treatment increases levels of cleaved Notch1, cleaved Notch2, and cleaved
Notch4 in breast cancer cells. Immunoblotting for cleaved Notch1, cleaved Notch2, cleaved
Notch4, Jagged1, Jagged2, Presenilin1, and Nicastrin proteins using lysates from (a) MCF-7
cells, (b) MDA-MB-231 cells, and (c) SUM159 cells after 6-, 12-, or 24-hour treatment with
DMSO or BITC (2.5 or 5 μM). The number on top of the immunoreactive band represents
change in protein level relative to corresponding DMSO-treated control. Western blotting
for each protein was performed at least twice using independently prepared lysates and the
results were comparable.
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Fig. 2.
The BITC treatment increases RBP-Jk and Hes-1A/B luciferase reporter activity in breast
cancer cells. a RBP-Jk luciferase reporter activity (a measure of transcriptional activity of
Notch) in MCF-7, MDA-MB-231, and SUM159 cells after 24-hour treatment with DMSO
or the indicated concentrations of BITC. b Hes-1A/B luciferase activity in MCF-7, MDA-
MB-231, and SUM159 cells after 24-hour treatment with DMSO or the indicated
concentrations of BITC. Results shown are mean ± SD (n = 3). *Significantly different
(P<0.05) compared with DMSO-treated control by one-way ANOVA followed by Dunnett’s
test. Each experiment was repeated at least twice with comparable results.
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Fig. 3.
The BITC-mediated inhibition of breast cancer cell migration is not affected by co-treatment
with a γ-secretase inhibitor. a Immunoblotting for cleaved Notch1 and cleaved Notch2
proteins using lysates from the MDA-MB-231 cells and the SUM159 cells treated for 24
hours with DMSO (control) or 5 μM BITC in the absence or presence of 20 μM DAPT.
Number above band represents change in protein level relative to DMSO-treated control. b
Representative images (Boyden chamber assay) depicting migration by the MDA-MB-231
cells and the SUM159 cells after 24-hour treatment with DMSO or 5 μM BITC in the
absence or presence of 20 μM DAPT (100× magnification). c Quantitation of cell migration
after 24-hour treatment with DMSO or 5 μM BITC in the absence or presence of 20 μM
DAPT. Results shown are mean ± SD (n = 3). *Significantly different (P<0.05) between the
indicated groups by one-way ANOVA followed by Bonferroni’s multiple comparison test.
Each experiment was repeated twice and representative data from one such experiment are
shown.
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Fig. 4.
RNA interference of Notch1 fails to confer protection against BITC-mediated inhibition of
cell migration. a Immunoblotting for transmembrane (uncleaved) Notch1, cleaved Notch1,
cleaved Notch2, and cleaved Notch4 proteins using lysates from the MDA-MB-231 cells
transiently transfected with a control (nonspecific) siRNA or a Notch1-targeted siRNA and
treated for 24 hours with DMSO or 5 μM BITC. The number above band represents change
in protein level relative to control siRNA-transfected cells treated with DMSO. b
Microscopic images depicting MDA-MB-231 cell migration in control siRNA transfected or
Notch1-targeted siRNA cells after 24-hour treatment with DMSO or 5 μM BITC (100×
magnification). c Quantitation of migrated MDA-MB-231 cells from experimental data
shown in (b). d Viability of MDA-MB-231 cells transiently transfected with a control
siRNA or a Notch1-targeted siRNA and treated for 24 hours with DMSO (control) or BITC
(2.5 or 5 μM). Results are expressed as mean ± SD (n = 3). *Significantly different (P<0.05)
between the indicated groups by one-way ANOVA followed by Bonferroni’s multiple
comparison test. Each experiment was repeated twice, and representative data from one such
experiment are shown.
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Fig. 5.
Notch2 knockdown augments BITC-mediated inhibition of cell migration. a
Immunoblotting for transmembrane (uncleaved) Notch2 protein using lysates from the
MDA-MB-231 cells and the SUM159 cells transiently transfected with a control siRNA or a
Notch2-targeted siRNA and treated for 24 hours with DMSO or 5 μM BITC. The number
above band represents change in protein level relative to control siRNA-transfected cells
treated with DMSO. b Representative microscopic images depicting cell migration in cells
transiently transfected with a control siRNA or a Notch2-targeted siRNA and treated for 24
hours with DMSO or 5 μM BITC (100× magnification). c Quantitation of migrated MDA-
MB-231 and SUM159 cells from the experimental data shown in panel (b). d Viability of
the MDA-MB-231 cells and the SUM159 cells transiently transfected with a control siRNA
or a Notch2-targeted siRNA and treated for 24 hours with DMSO (control) or BITC (2.5 or
5 μM). Results shown are mean ± S.D (n = 3). *Significantly different (P<0.05) between the
indicated groups by one-way ANOVA followed by Bonferroni’s multiple comparison test.
Similar results were observed in two independent experiments in each cell line.
Representative data from a single experiment are shown.
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Fig.6.
Specificity of the Notch2-targeted siNRA. Immunoblotting for cleaved Notch2, cleaved
Notch1, and cleaved Notch4 proteins using lysates from the MDA-MB-231 cells and the
SUM159 cells transiently transfected with a control (nonspecific) siRNA or a Notch2-
targeted siRNA and treated for 24 hours with DMSO or 5 μM BITC. The number above
band represents change in protein relative to control siRNA-transfected cells treated with
DMSO.
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Fig. 7.
The effect of stable knockdown of Notch2 protein on BITC-mediated inhibition of cell
migration. a Immunoblotting for transmembrane (uncleaved) Notch2 protein using lysate
from MDA-MB-231 cells stably transfected with a control shRNA or a Notch2-targeted
shRNA. b Representative images depicting migration of MDA-MB-231 cells stably
transfected with a control shRNA or a Notch2-targeted shRNA and treated for 24 hours with
DMSO (control) or 5 μM BITC (200× magnification). c Quantitation of cell migration in the
cells stably transfected with a control shRNA or a Notch2-targeted shRNA and treated for
24 hours with DMSO (control) or 5 μM BITC. Result shown are mean ± SD (n= 3)
*Significantly different (P<0.05) between the indicated groups by one-way ANOVA
followed by Bonferroni’s multiple comparison test.
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Fig. 8.
The BITC-mediated inhibition of cell migration is not affected by Notch4 protein
knockdown in the MDA-MB-231 cell line. a Immunoblotting for transmembrane
(uncleaved) Notch4, cleaved Notch4, cleaved Notch1, and cleaved Notch2 proteins using
lysate from the MDA-MB-231 cells transiently transfected with a control siRNA or a
Notch4-targeted siRNA and treated for 24 hours with DMSO or 5 μM BITC. The number
above band represents change in protein level relative to control siRNA-transfected cells
treated with DMSO. b Representative images depicting migration of MDA-MB-231 cells
transiently transfected with a control siRNA or a Notch4-targeted siRNA and treated for 24
hours with DMSO or 5 μM BITC (100× magnification). c Quantitation of cell migration in
cells transfected with a control siRNA or a Notch4-targeted siRNA and treated for 24 hours
with DMSO or 5 μM BITC. Results shown are mean ± S.D (n = 3). *Significantly different
(P<0.05) between the indicated groups by one-way ANOVA followed by Bonferroni’s
multiple comparison test. Each experiment was repeated twice, and representative data from
one such experiment are shown.
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Fig. 9.
The BITC administration to tumor bearing athymic mice increases in vivo expression of
cleaved Notch2 and Hes-1 proteins in the MDA-MB-231 xenografts. a
Immunohistochemical analysis for cleaved Notch2 protein in representative tumor sections
from the control mice and those treated with 7.5 μmol BITC (scale bar, 50 μm; 400×
magnification) [8]. Amplification of selected area is shown in the inset. b Quantitation of
nuclear level of cleaved Notch2 protein in the tumors from the control mice and those
treated with 7.5 μmol BITC. c Immunohistochemical analysis for Hes-1 expression in the
tumor sections from the control mice and those treated with 7.5 μmol BITC (scale bar, 50
μm; 400× magnification) [8]. Amplification of selected area is shown in the inset. d
Quantitation of nuclear levels of Hes-1 protein expression in the tumors from the control
mice and those treated with 7.5 μmol BITC. At least four randomly selected fields on each
tumor section were scored for cleaved Notch2 and Hes-1 protein expression. Results shown
are mean percent positive nuclei with corresponding SD (n = 5 for the control group, n=3 for
the BITC treatment group).
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