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Inhibition of Invasive Phenotype and Induction of Apoptosis in
Human Breast Cancer Cells by Chemopreventive Agents

In Young Kim and Aree Moon

College of Pharmacy, Duksung Women’s University, Seoul 132-714, Korea

The most effective way to deal with cancer would be to prevent development of the
cancer. Cancer chemoprevention is the treatment to block initiation or promotion-
progression phases. Cancer metastasis represents the most important cause of cancer death
and anti-tumor agents that may inhibit this process have been pursued. Ras expression
has been suggested as a marker for tumor aggressiveness of breast cancer, including the
degrees of invasion and tumor recurrence. In this review article, we summarized several
chemopreventive agents which inhibit invasive phenotype and/or induce apoptosis of
H-ras-transformed MCF10A human breast epithelial cells. The molecular mechanism(s)
underlying the cancer chemopreventive effects are also reviewed. A potential use of
natural products including apicidin, Aster, curcumin and capsaicin for human breast
cancer chemoprevention has been suggested.

Key Words: Apicidin, Aster, Curcumin, Capsaicin, H-ras, MCF10A cells, Invasion,
Migration, MMP-2, Apoptosis

BACKGROUND

Incidence of breast cancer in Korea continues to rise
year by year, and its clinical features will become
closer to those now observed in Western countries
mainly due to drinking and dietary habits."” Surgical
operation, radiotherapy and chemotherapy have widely
been used, but the cost of expensive hospital treatment
and death as the negative side-effects of drug occur-
red. Cancer chemoprevention has emerged as a new
strategy against cancer. Chemoprevention is the use of

pharmacologic or natural agents that inhibit the devel-

opment of invasive cancer either by blocking the
DNA damage that initiates carcinogenesis or by
arresting or reversing the progression of pre-malignant
cells in which such damage has already occurred.
Cancer metastasis represents the most important cause
of cancer death and anti-tumor agents that may inhibit
this process have been pursued.

Mutated ras genes are found in about 30% of all
human cancers, and elevated levels of the Ras protein
are detected in 60~70% of human primary breast
carcinomas.” Ras expression has been suggested as a
marker for tumor aggressiveness of breast cancer,

including the degrees of invasion and tumor recur-
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rence. In order to suggest a potential use of natural
products for human breast cancer chemoprevention,
we reviewed chemopreventive agents including apici-
din, Aster, curcumin and capsaicin with regard to their
anti-metastatic and/or apoptosis-inducing effects on

H-ras-transformed MCF10A breast epithelial cells.
ras Oncogenes

Ras proteins are GTP-binding switch proteins that
relay signals from cell-surface receptors to the nucleus
and regulators of cell proliferation and differentiation.
Ras proteins are controlled by GTP or GDP binding,
such that they alternate between GTP-Ras (active) and
GDP-Ras (inactive) forms.>™ Oncogenic Ras proteins,
however, cannot regulate GTPase switch, which re-
main in the active GTP-bound state and thus up-
regulate cell proliferation even in the absence of
growth factor stimulation.

The ras gene family consists of three identified
members: Harvey-ras (H-ras), Kirsten-ras (K-ras) and
Neuroblastoma-ras (N-ras), encoding proteins of 188~
189 amino acids with a molecular weight of 21 kDa.
While the N-terminal 85 amino acids are identical and
the middle 80 amino acids contain 85% homology
between Ras proteins, the C-terminal sequence is
highly divergent.6’7) Expression of H-, K-, and N-ras
is regulated in a tissue-specific manner and during
development, indicating that Ras proteins may have
different cellular functions. Unique functions of ras
family members are also supported by the demons-
tration that there are differences in the signal trans-
duction pathways induced by Ras proteins.g) To ex-
amine the roles of H- and N-ras on the induction of
invasive phenotypes, we established MCF10A human
breast epithelial cell lines in which H- and N-ras are
constitutively activated using retroviral vectors con-
taining a mutation of gly to asp in amino acid codon
12 in H- and N-ras.”

H-ras Specific Invasion and
Migration in MCF10A Cells

In vitro invasion assay and in vitro migration assay
revealed that H-ras, but not N-ras, induces invasive”
and migrativelo) phenotypes in MCF10A cells (Fig.
1A). Invasion and metastasis of malignantly trans-
formed cells involve degradation of the extracellular
matrix (ECM) components by matrix metalloprotei-
nases (MMP), especially MMP-2 (72 kDa type IV
collagenase) and MMP-9 (92 kDa type IV colla-
genase). MMP-9 has been suggested to be critical for
the induction of an invasive phenotype in rat embry-

11,12 . .
) mvasive

onic fibroblast cells. H-ras-induced
phenotype is associated more closely with the ex-
pression of MMP-2 in human breast epithelial cells,
rather than the induction of MMP-9 expression shown
previously in rat embryonic fibroblasts demonstrating
that the role of MMPs in invasive phenotype may be
cell type—speciﬁc.g) These studies revealed differential
regulation of ras signaling pathways by H-ras and
N-ras with a single mutation at the codon 12, provi-
ding an insight into the prospect of developing
targeted therapy for mammary carcinoma.

The p38 mitogen-activated protein kinase (MAPK)
has been suggested as a key signaling molecule dif-
ferentially regulated by H-ras and N-ras, leading to
H-ras-specific cell invasive and migrative phenotypes

19 Treatment

in human breast epithelial cells (Fig. 1B).
with SB203580, a specific inhibitor of p38, signifi-
cantly inhibited invasive phenotype (Fig. 1C) and
MMP-2 expression (Fig. 1D) in H-ras MCF10A cells,
suggesting that the activation of p38 may contribute
to a more invasive phenotype via the secretion of

MMP-2.'?

Effects of Apicidin on H-ras-induced
Invasive Phenotype

Apicidin [cyclo(N-O-methyl-L-tryptophanyl-L-

isoleucinyl-D-pipecolinyl-L-2-amino-8-oxodecanoyl)],
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Fig. 1. H-ras, but not N-ras, induces invasive phenotypes in MCF10A cells.”'” (A) The in vitro invasion assay and
in vitro migration assay were performed on MCF10A, H-ras MCF10A and N-ras MCF10A cells. The number of invaded
or migrated cells per field was counted (x400) in thirteen fields. The results represent means+S.E. of triplicates.
*Statistically different from control at p<0.01. (B) The levels of activated p38 were determined by immunoblot analysis
of whole cell lysates using anti-p38 antibodies. (C) H-ras MCF10A cells were pretreated with 50uM SB203580 for
30 min and subjected to in vitro invasion assay for 17 hr. (D) H-ras MCF10A cells were treated with various
concentrations of SB203580 for 48 hr. Levels of secreted MMP-2 and MMP-9 were determined by immunoblot analysis.
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a novel fungal metabolite, has been identified as an
antiprotozoal agent that inhibits parasite histone dea-
cetylase (HDAC)." Cellular responses by HDAC
inhibitors including cell cycle arrest, alteration of gene
expression, and induction of apoptosis have been
demonstrated."* ~'? Apicidin induced a morphological
reversal and growth inhibition of H-ras MCF10A cells
similar to that induced by other HDAC inhibitors."”
In addition, apicidin significantly inhibited H-ras-
induced invasiveness of MCF10A cells in parallel
with a specific down-regulation of MMP-2, but not
MMP-9 (Fig. 2).'” The results demonstrated that api-

cidin exerted anti-invasive and detransforming activi-
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Fig. 2. Apicidin inhibits invasive phenotype and down-
regulates MMP-2 in H-ras MCF10A cells'’” (A) Anti-
invasive activity of apicidin was examined in H-ras
MCF10A cells by in vitro invasion assay. The number of
invaded cells per field was counted (x400) in thirteen
fields. The results represent means*S.E. of triplicates.
*Statistically different from control at p<0.01. (B) A
gelatin zymogram assay was performed to detect the
enzymatic activities of MMP-2 and MMP-9 secreted by
H-ras MCF10A cells treated with various concentrations
of apicidin for 48 hr.

ties in H-ras-transformed MCF10A cells, suggesting
a potential use of HDAC inhibitors for treatment of

cancer.

Effects of Aster on H-ras-induced
Invasive Phenotype

Aster species are widespread and used as culinary
vegetables in Korea.'? They have also been used in
traditional Chinese medicine for treatment of bruises,
snakebite, headache and dizziness."”’ Recently studies
revealed that quinic acid derivatives from Aster scaber
exhibited diverse biological activities: antiviral/anti-
hepatotoxic activities and neuroprotective/neurotrophic

effects.”®*” Ahn er al. reported chemopreventive ef-
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Fig. 3. Aster extracts inhibit invasive phenotype and down-
regulated MMP-2 and MMP-9.” (A) H-ras MCF10A cells
were incubated with 5 mg/ml Aster extracts (AO-3, AG-3
and AS-EA) in a Matrigel-coated transwell chamber for
17 hr. The number of invaded cells per field was counted
(x400) in thirteen fields. The results represent means*
S.E. of triplicates. *Statistically different from control at
p<0.01. (B) H-ras MCF10A cells were treated with 5
mg/ml Aster extracts (AO-3, AG-3 and AS-EA) for 24 hr
in serum-free media. Conditioned media were subse-
quently analyzed for secretion of MMP-2 and MMP-9 by
gelatin zymogram analysis.
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fects of extracts from three Aster species (Aster sca-
ber, Aster oharai and Aster glehn) on H-ras MCF10A
human breast epithelial cells.”” Out of twelve extracts,
three extracts (AO-3, AG-3 and AS-EA) were selected
for further studies since they exerted a marked
inhibition in the ratio of MMP-2 to MMP-9 (Fig. 3A).
Treatment with AO-3, AG-3 and AS-EA in H-ras
MCF10A cells caused a significant inhibition of inva-
sive phenotype and migration, proving a chemopre-
ventive potential of these extracts (Fig. 3B). The
results demonstrated that extracts of Aster effectively
inhibit invasion and migration of highly malignant
human breast cells, possibly via downregulation of
MMP-2 and MMP-9.

Inhibition of Invasion and Induction of
Apoptosis and by Curcumin

Curcumin [1,7-bis(4-hydroxy-3-methoxyphenyl)1,6-
hepta-diene-3,5-dione], a naturally yellow coloring
agent from the root of the plant Curcuma longa Linn,
has been used as spice in foods as well as in cos-
metics and drugs.23) Curcumin is a phenolic compound
possessing anti-cancer, anti-inflammatory and anti-
metastatic activities.”* >” Curcumin treatment signi-
ficatly inhibited invasiveness (Fig. 4A) and MMP-2
secretion, but not that of MMP-9 (Fig. 4B) in H-ras
MCF10A cells as evidenced by gelatin zymography.zg)

Efforts have been made to develop a chemo-
prevention strategy that selectively triggers apoptosis
in malignant cancer cells. Curcumin induced apoptosis
with a specific down-regulation of anti-apoptotic
oncoprotein Bcl-2 and a up-regulation of the death-
promoting Bax in H-ras MCF10A cells (Fig. 40).®
Curcumin induced reactive oxygen species (ROS) and
inhibited cell-death and DNA
fragmentation by pretreatment of an antioxidant N-
acetyl-L-cysteine (NAC).*® Ac-DEVD-CHO, a cas-
pase-3-inhibitor attenuated curcumin-induced apop-
tosis in H-ras MCF10A cells.”” The data demonstrate

was significantly

that curcumin induces apoptosis of H-ras MCF10A
cells in which ROS and caspase-3 are involved. Taken

together, these reports demonstrate that curcumin
inhibits invasion and induces apoptosis, proving the

chemopreventive potential of curcumin.
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Fig. 4. Curcumin inhibits invasive phenotype and induces
apoptosis in H-ras MCF10A cells.”®* (A) Cells treated
with 50uM curcumin for 48 hr were subjected to in vitro
invasion assay. The number of invaded cells per field was
counted (x400) in thirteen fields. The results represent
meanstS.E. of triplicates. (B) Cells were treated with 100
UM curcumin for 48 hr and conditioned media were
subjected to the gelatin zymogram assay. (C) Immunoblot
analysis for Bcl-2 and Bax was performed on lysates of
cells treated with various concentrations of curcumin for
24 hr.
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[trans-8-methyl-N-vanillyl-6-nonenamide] is widely

Induction of Apoptosis by Capsaicin in used as a spice.’”” Recent studies have shown the
H-ras MCF10A Cells anti-carcinogenic, anti-mutagenic or chemopreventive

activities of capsaicin.32’33) In order to determine

A major pungent ingredient in red pepper, capsaicin ~ whether capsaicin selectively induces apoptosis in
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Fig. 5. Capsaicin selectively induces apoptosis in H-ras MCF10A cells.*** (A) Nuclear morphological changes were
examined on MCF10A and H-ras MCF10A cells treated with 25uM capsaicin for 48 hr by staining with bis-benzimide.
Internucleosomal DNA fragmentation of the cells treated with 50uM capsaicin for 48 hr was analyzed by 1.8% agarose
gel electrophoresis. (B) Activation of MAPKs in H-ras MCF10A cells treated with 50uM capsaicin for indicated times
was determined by immunocomplex kinase assay using GST-ATF2 fusion protein as a protein substrate for JNK-1 and
immunoblot analysis for ERKs and p38. (C) Capsaicin selectively increases caspase-3 activity in H-ras MCF10A cells.
MCF10A cells and H-ras MCF10A cells were treated with SOpM capsaicin for 1 hr and caspase-1 and -3 activities
were measured by using a fluorometric assay kit. (D) Left: ROS is required for capsaicin-induced growth inhibition
of H-ras MCF10A cells. Cells were incubated with 50uM capsaicin for 28 hr with or without pretreatment with 2 mM
NAC for 30 min. The percentage of cell survival was normalized to the control cells. *Statistically different from control
at p<0.05. Right: Rac is activated by H-ras in MCF10A cells. Equal amounts of cell lysates were incubated with
GST-PBD fusion protein and the bound active Rac-GTP molecules were analyzed by immunoblotting using anti-Rac
antibody.
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transformed cells, Kang et al. investigated the effect
of capsaicin in non-transformed and ras-transformed
cells of a common origin: parental (MCF10A) and
H-ras-transformed (H-ras MCF10A) human breast
epithelial cells.* Capsaicin selectively induced apop-
tosis in H-ras-transformed cells, but not in their nor-
mal cell counterparts as evidenced by nuclear mor-
phological changes and DNA fragmentation (Fig. 5A).
The capsaicin-induced apoptosis involved the activity
of caspase-3 (Fig. 5B). As shown in Fig. 5C, capsaicin
treatment markedly activated c-Jun N-terminal protein
kinase (JNK)-1 and p38 MAPK while it deactivated
extracellular signal-regulated protein kinases (ERKs)
only in H-ras MCF10A cells. Functional significance
of capsaicin-activated JNK-1 and p38 in ras-specific
apoptosis of MCF10A cells was demonstrated by
using chemical inhibitors and dominant negative (DN)
mutants while inhibition of ERK activity was not
effective in this regard.34)

It has been demonstrated that ras-transformed
fibroblasts produce reactive oxygen species (ROS)
through a mechanism which is dependent of Rac1.”
Possible roles of ROS and Racl in capsaicin-induced
apoptosis of H-ras MCF10A cells have been inves-
tigated.36) Pretreatment of H-ras MCF10A cells with
an antioxidant N-acetylcysteine (NAC) significantly
reversed capsaicin-induced growth inhibition, sug-
gesting that ROS may mediate the apoptosis of
H-ras-transformed cells induced by capsaicin (Fig.
5D). Racl was prominently activated by H-ras in
MCF10A cells (Fig. 5D). Based on the studies using
a wild type Racl and a dominant negative Racl
constructs, it has been proposed that Racl activity is
critical for inhibitory effect of capsaicin on growth of
H-ras-transformed MCF10A cells possibly through

ROS generation.%)
CONCLUSIONS
Molecular biology of cancer is beginning to con-

tribute to the development of new approaches for the

prevention and treatment of cancer, which may ulti-

mately yield major advances in dealing with this
disease. The most effective way to deal with cancer
would be to prevent development of the cancer. Most
of drugs currently used in cancer treatment either
damage DNA or inhibit DNA replication. Consequen-
tly, these drugs can be detrimental not only to malig-
nant cells but also to normal cells. The action of
anti-cancer drugs against these normal cell popula-
tions accounts for most of the toxicity associated with
these drugs and limits their effective use in cancer
treatment. Therefore, efforts have been made to
develop a chemoprevention strategy that selectively
triggers apoptosis in malignant cells but not in the
normal cells.”” This review article summarized that
curcumin and capsaicin induced apoptosis in H-ras-
transformed malignant breast epithelial cells.

Since cancer metastasis represents the most signi-
ficant cause of cancer death, anti-tumor agents that
may inhibit metastatic process have been extensively
pursued. A wide variety of natural products derived
from plants was reported to retain marked anti-
invasive and anti-migrative activities in various malig-
nant cell systems. In the present study, we reviewed
that apicidin, Aster and curcumin exerted inhibitory
effects on the metastatic properties of highly invasive
H-ras MCF10A cells. Taken in conjunction with the
fact that uncontrolled ras activation is probably the
most common genetic defect in human cancer cells,
these findings may be critical to the chemopreventive
potential of several natural products, and for develop-
ing a strategy to inhibit invasion and induce tumor

cell-specific apoptosis.
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