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ABSTRACT
Objective: The commercially available migrastatin is known for its antitumor activities. To further establish its role in anticancer activity, we tested
its potential against human hepatoma cell line (HepG2). We investigated the molecular mechanisms of migrastatin induced apoptosis and growth
arrest in human hepatoma cell lines.
Methods: Upon treatment with migrastatin, a time dependent inhibition of cell growth was observed and cells developed many hallmark features of
apoptosis. The cell viability was assessed by MTT assay and LDH and GSH content of the cell line were also assessed for the cytotoxic nature of the
migrastatin.
Results: Light microscopic study reveals the cell clumping and apoptotic body formations. Migrastatin induced growth inhibition was associated
with induction of p53 and activation of caspase-3.
Conclusion: Thus, we bring to a close that migrastatin induces cell death and apoptosis in HepG2 cell line.
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INTRODUCTION
Natural products have demonstrated to be precious resource for the
discovery of new drug candidates, and also as tools for chemical
biology and medicinal chemistry research. Numerous natural
products have also long been used to treat various human disorders
and distinguished by their drug like possessions [1,2]. Microbial
natural products are an important source of both existing and new
drugs [3]. Among the producers of commercially important
metabolites, actinomycetes have proven to be a prolific source with
a surprisingly small group of taxa accounting for the vast majority of
compounds. Actinomycetes are the most economically and
biotechnologically valuable prokaryotes. They are widely distributed
in natural and manmade environments play an important role of the
microbial community, responsible for degradation and recycling of
natural biopolymers, such as cellulose, lignin and chitin [4]. It is also
a source of a wide range of other types of bioactive compounds for
biotechnological applications [5]. Actinomycetes are non-motile,
filamentous, Gram-positive bacteria. Streptomyces, the largest genus
of Actinobacteria, is a group of Gram-positive and generally high GCcontent bacteria which produce spores from aerial filaments called
sporophores. These rise above the colony and form spores called
conidia by simple cross-wall divisions of the filament [6-9]. The
species belonging to the genus Streptomyces are well known for
producing a variety of bioactive secondary metabolites including
antibiotics, immunomodulators, anticancer & antiviral drugs,
herbicides, and insecticides [10].
Secondary metabolites produced by actinomycetes acquire a wide
range of biological activities [11,12] and the vast majority of these
compounds are derived from the single genus Streptomyces [13].
Streptomyces species are distributed widely in marine habitats and
are of commercial interest due to their unique capacity to produce
novel metabolites. Streptomyces species are found worldwide in soil
and are important in soil ecology. Much of the characteristic earthy
smell of soils arises from chemicals called geosmin given off by
Streptomyces species. Unlike most bacteria, Streptomycetes possess
linear chromosomes [14]. The biochemistry of Streptomycetes is
truly remarkable, considering their production of secondary
metabolites, many of which account for almost half of all known
Antibiotics [15]. Many of these compounds have important
applications in human medicine as antibacterial, antitumour and
antifungal agents. Also, in agriculture these compounds act as

growth promoters, agents for plant protection, antiparasitic agents
and herbicides [16].
Development of new therapeutics preventing tumour metastasis is
urgently needed, since tumour metastasis is the primary cause of
death of cancer patients. Migrastatin is an organic compound which
naturally occurs in the Streptomyces have shown to have potential in
treating cancer, are potent inhibitors of metastatic tumour cell
migration, invasion and metastasis [17].

Structure of Migrastatin
In this framework, the present investigation endeavor to appraise
the anticancer property of migrastatin, secondary metabolite of
Streptomyces platensis bacteria against human hepatoma cell line
HepG2 - in vitro study.
MATERIALS AND METHODS
Drug and Chemicals
Dimethyl sulfoxide (DMSO) was purchased from sigma, St Louis, MO,
USA. Migrastatin was purchased from MedKoo Biosciences,USA.
RPMI-1640 and sodium pyruvate were purchased from Biochrom,
Berlin, Germany. Penicillin-streptomycin and fetal bovine serum
were purchased from Gibco, Germany. Trypsin-EDTA was obtained
from Himedia Laboratories Pvt Ltd, Mumbai. Cell culture plates and
dishes were purchased from TPP, Switzerland. Primary antibodies
such as p53 and Caspase-3 were purchased from Abcam
Laboratories, USA and Novocastra Laboratories Ltd, Newcastle, UK,
respectively. Rabbit anti-mouse IgG was purchased from Bangalore
Genei, India. Nitrocellulose membrane was obtained from Millipore,
Bedford, USA. All other chemicals including solvents were of highest
purity and of analytical grade marketed by Glaxo Laboratories and
SISCO Research Laboratories (SRL), Mumbai, India.
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Drug Preparation
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Migrastatin was dissolved in Dimethyl sulfoxide (DMSO) (final
concentration of the DMSO was not exceeded 0.1% (v/v) and did not
affect the cell survival) prepared in serum free RPMI medium and
filtered by 0.045 mm syringe filter and stored at 4ºC.

Human hepatoma cell line (HepG2) was obtained from National
Center for Cell Sciences (NCCS), Department of Biotechnology, Pune,
India. Cells were grown as monolayer in RPMI-1640 medium,
supplemented with 10% (v/v) heat inactivated Fetal Bovine Serum
(FBS), antibiotics (Penicillin 100 U/ml, Streptomycin 10 µg/ml) and
1mM sodium pyruvate under standard conditions (37ºC, 5% CO 2) in
a controlled humidified atmosphere. The medium was changed
every three days. Cultured cells were starred, for 24 h trypsinized
(0.05% trypsin and 0.02% EDTA), seeded at a density of 1 x 10 4 cells
per well in 96 well plate for MTT assay or at a density of 0.5x10 6
cells per well for LDH leakage assay, GSH assay, western blot
analysis and incubated with or without 6µM or 10µM migrastatin for
24 h. After the treatment, cells were trypsinized and centrifuged at
2500 rpm for min.
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Fig. 1: Effect of various concentration of Migrastatin on HepG2
cell lines - MTT ASSAY

In vitro assay
Cell proliferation assay by 3-(4, 5-dimethyl thiazol-2-yl)-2,5diphenyl tetrazolium bromide (MTT) method was performed [18].
Lactate dehydrogenase (LDH) leakage assay was performed [19].
Total reduced glutathione (GSH) was determined by the method
[20].

Light microscopic examination of the cells was performed to observe
the morphological changes after the treatment with migrastatin for
24 h. The HepG2 cells were grown in 100 mm sterile petriplates and
treated with migrastatin at the concentrations of 6 and 10µM. Cells
were then fixed for 5 min with 10% methanol and morphological
changes were observed under inverted microscope (Nikon, Japan).
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Expression of p53 and caspase - 3 proteins by Western blotting

Then, the membrane was removed from the system and immersed
in methanol for a minute. The membranes were blocked by treating
with the blocking buffer for 1 h at 37°C. After washing, the
membranes were incubated with anti-mouse p53 (1:100) and antimouse caspase - 3 (1:1000) for 6 h at 37°C. After three washes in
PBS / 0.1% Tween 20, the membrane was incubated with Horse
Raddish Peroxidase (HRP) conjugated anti-mouse IgG antibody for 1
h at 37°C. The bands developed were then visualizes and
photographed. The band intensity for P53 and caspase 3 was
normalized with that of the internal control β actin.

0
Control

6 µm

10 µm

Fig. 2: LDH activity in HepG2 cell line treated with Migrastatin
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HepG2 cells (1x106/ml) were treated with the migrastatin at the
concentration of 6 µM and 10 µM for 48 h at 37°C. Cells were lysed with
10 µl of lysis buffer. Cell proteins were separated in a sodium dodecyl
sulfate polyacrylamide gel elecrophorosis (SDS-PAGE). 4% stacking gel
and 10% resolving gel were used to separate the proteins. After
electrophoresis, gel was placed over a nitrocellulose membrane,
separate blotting was done for each protein. The gel and the PVDF
membrane were packed by three cut-pieces of whatmann filter paper
(No.3). This set up was covered on both sides with absorbers and
clipped. The whole set up was immersed in a tank containing blotting
buffer. A current of 25 mA was passed through overnight.
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RESULT
Recently the cytotoxic effects of various chemicals and natural
substances on malignant tumor cells in culture have been
extensively studied as a primary screening for anti tumor activities
[21]. Figure 1 illustrates the cell viability of control and migrastatin
treated (2μM, 4μM, 6μM, 8μM and l0 μM) HepG2 cells. In the present
study, the migrasatin conspicuously inhibited the HepG2 cells at the
concentration of 6 μM and l0 μM after 24 h and 48 h of treatment.
The results showed that treatment with migrastatin markedly
reduced the viability of HepG2 cells in a dose dependent manner.

Fig. 3: GSH activity in HepG2 cell line treated with Migrastatin
The levels of lactate dehydrogenase (LDH) released into the medium
of control and migrastatin treated (6 μM and l0 μM) HepG2 cells
were presented in Figure 2. From this result it was observed that
LDH activities found to be significantly elevated after 48 h of
exposure in the medium containing migrastatin when compared to
the control. It was well known that the toxicity of anti-tumor drugs
may largely depend on the intracellular level or reduced glutathione

334

Vijyakumar et al.
Int J Pharm Pharm Sci, Vol 6, Suppl 2, 333-338
(GSH) [22]. Glutathione plays an important role in protecting cells
and cellular components against oxidative stress and in
detoxification. It was often found that GSH levels were increased in
the drug resistant cancer cells when compared to the drug sensitive
cells. Inhibition of glutathione synthesis or modulation of
glutathione storages in tumors to reduce anticancer drugs resistance
may contain a novel anticancer strategy [23]. The levels of GSH
content in control and migrastatin treated HepG2 Cells were
presented in figure 3. The significant depletion of GSH was observed
in treated HepG2 cells at the concentration of 6 μM and 10 μM/ml
compared to the control cells. The morphological changes of control
and migrastatin treated HepG2 cells at the concentration of 6 and 10
µM for 24 h of exposure displayed in figure 4. Control HepG2
showed swelling and rounded morphology of the cells with
condensed chromatin and their membrane. This may lead to
crooked and vesicle shaped. On the contrary, migrastatin treated
HepG2 cells, monolayer obliteration was distinguished. Progressive
structural alterations and reduction of HepG2 cell populations were
observed in both the concentrations.

blotting was presented in figure 5. Administration of migrastatin
increase the band intensity of 53 kDa protein compared to the
control. The accumulation of p53 protein indicates the expression of
tumor suppressor protein induced apoptosis in migrastatin (6 μM
and 10 μM) treated HepG2 cells. From the result of our present
investigation, it was observed that treatment of HepG2 cells with
migrastatin increased intensity of 32 kDa band and appearance of
low molecular weight protein below the 32 kDa in 6 and 10 μM
treated HepG2 cells. This result strongly suggests that drug
treatment stimulated the proteolytic cleavage of caspase-3 protein
and initiate the apoptosis.

Lane 1 – Control
Control

Lane 2 – 6 µM Migrastatin
Lane 3 – 10 µM Migrastatin
Fig. 5: Western Blotting analysis of p53 and Caspase-3 protein
expression in control and Migrastatin treated HepG2 cells
DISCUSSION

Migrastatin 6μM

Migrastatin 10μM
Fig. 4: Light Microscopic studies of control and Migrastatin
treated HepG2 cells
A lot of oncogenes and tumor suppressor genes were involved in
mediating apoptosis. The p53 gene which was strongly implicated in
animal and human carcinogenesis and it was a significant regulator
of the process of apoptosis [24]. After DNA damage in cell types, p53
can trigger the genetically altered cells to be eliminated by inducing
apoptosis [25]. In addition to its DNA damage response, p53 was
also involved in the response by abnormal or stress conditions such
as hypoxia, Oxidative stress, the presence of genotoxic chemicals and
depletion of ribonucleotides, [26]. Therefore normal p53 expression
and function were crucial to prevent the propagation of genetically
damaged cells and to prevent proliferation of cells under stress
conditions. It was well known that after initiation of the apoptotic
program, the release of cytochrome-C from mitochondria triggers
the activation of caspase-3 and the consequent rapid cleavage of
Poly (ADP-ribose) polymerase (PARP), a substrate of caspase 3 [27].
The expression of p53 and caspase-3 protein in control and
migrastatin treated (6 μM and 10 μM) HepG2 cells by western

HepG2 cells, a human hepatoma cell line, are considered to be a good
model for studying in vitro xenobiotic metabolism and toxicity to the
liver since they retain many of the specialized functions which
characterize normal human hepatocytes [28]. Cell viability and
cytotoxicity assays are used for drug screening and cytotoxicity tests
of chemicals. The choice of using a fastidious viability or cytotoxicity
assay technology may be influenced by specific research goals.
Cytotoxicity frequently has a broad and imprecise importance in the
drug discovery. For in vitro cell culture systems, a compound or
treatment is considered to be cytotoxic if it interferes with cellular
attachment, significantly alters morphology, adversely affects cell
growth rate, or causes cell death [29]. MTT assay is the most
common employed for detection of cytotoxicity or cell viability
following exposure to toxic substances. It is widely used to measure
cell proliferation and for screening of anticancer drugs [30]. It is
based on the reduction of tetrazolium salt, MTT (3-[4,5dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) by actively
growing cells to produce a purple formazan product. MTT is a water
soluble tetrazolium salt, which is converted to an insoluble purple
formazan by cleavage of the tetrazolium ring by succinate
dehydrogenase within the mitochondria. The formazan product is
impermeable to the cell membranes and therefore it accumulates in
healthy cells [31]. From the results it is inferred that the exposure of
different concentration of migrastatin (6 and 10 µM/ml) for 24 h
resulted decrease of cell proliferation in a dose dependent manner.
Thus the inhibitory effect on HepG2 cells by migrastatin strongly
proves the anti-proliferation possessions of secondary metabolite
migrastatin.
LDH has long been favored as a marker of cell death for in vitro
models [32]. Lactate dehydrogenase (LDH) cellular enzyme is used
as cell death markers. However, other celluler enzymes such as
adenylate kinase and glucose-6-phosphate are not stable and only
lactate dehydrogenase does not lose its activity during cell death
assays [33]. Therefore, cell death assays based on LDH activity are
more reliable than other enzyme-based cell death assays. The LDH
leakage assay is based on the measurement of lactate
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dehydrogenase activity in the extracellular medium. Reliability,
speed and simple evaluation are some of the characteristics of this
assay. The loss of intracellular LDH and its release into the culture
medium is an indicator of irreversible cell death due to cell
membrane damage [34]. LDH is a more reliable and more accurate
marker to study the cytotoxicity. Because damaged cells are
fragmented completely during the course of prolonged incubation
with toxic substances [35]. In the present study, the lactate
dehydrogenase leakage was elevated drastically in migrastatin
treated HepG2 cells when compared with the control HepG2 cells.
The result of our present investigation put forward that the
inhibition may be due to the anticarcinogenic potential of
migrastatin. Consequently, it was recommended that the lactate
dehydrogenase leakage in HepG2 cells may be due to cytotoxic
nature of secondary metabolite and authenticate its antitumour
property.
The intracellular oxidative metabolites play a significant role in the
regulation of apoptosis. For instance, some apoptosis inducing
agents are either oxidant of cellular oxidative metabolites.
Therefore, the measurement of GSH in drug treated HepG2 cells
constitutes the supporting evidence for apoptosis. Glutathione (GSH)
is a tripeptide contains an unusual peptide linkage between the
amine group of cysteine and the carboxyl group of the glutamate
side chain. Glutathione, an antioxidant which protect cells from
reactive oxygen species such as free radicals and peroxides [36].
Glutathione is nucleophilic at sulphur and attacks poisonous
electrophilic conjugate acceptors. GSH is found almost exclusively in
its reduced form, since the enzyme that reverts it from its oxidized
form, glutathione reductase, is constitutively active and inducible
upon oxidative stress. The proportion of reduced glutathione to
oxidized glutathione within cells is used scientifically as a measure
of cellular toxicity [37]. Reduced glutathione has been hypothesized
to participate a responsibility in the rescue of cells from apoptosis,
by buffering an endogenously induced oxidative stress [38].
It was reported that Salvia miliorrhiza inhibited human hepatoma
HepG2 cells growth and induced apoptosis involving intracellular
GSH depletion [39]. Onset of apoptosis was associated with a fall of
intracellular GSH in different cellular system [40]. Loss of GSH was
shown to be tightly coupled with a number of downstream events in
apoptosis [41]. In the present examination, it was observed that the
levels of GSH were significantly decreased in migrastatin treated
HepG2 cells at the concentration of 6 and 10 µM. This indicates that
the decrease in GSH may be involved in the inhibition of HepG2 cells
growth and cause apoptosis.
The present study point toward that, the migrastatin might quickly
encourage intracellular oxidation in HepG2 cells and cause apoptosis
which lead to cell death. Therefore, the cytotoxic action of this
migrastatin may be attributed to its pro-oxidant action on the cells.
In the present analysis, observation of migrastatin in light
microscopic studies drug treated HepG2 cells at concentrations of 6
and 10µM after 24 h of exposure showed the characteristic
morphological features of apoptosis in HepG2 cells. The
morphological alterations observed were diminution in cell volume,
cell shrinkage, reduction in chromatin condensation and formation
of cytoplasmic blebs. However, the control HepG2 cells were seen
with higher confluence of monolayer without any devastation.
Apoptosis is an energy-dependent, tightly regulated and selective
physiological process that governs the removal of supernumerary or
defective cells. It occurs under normal physiological condition. It can
also be triggered by diverse pathologies. In healthy tissues, the main
role of apoptosis is to maintain optimal number of cells in tissues
and organs by removing the redundant, damaged or functionally
abnormal cells [42]. A lot of oncogenes and tumor suppressor genes
were involved in mediating apoptosis. The p53 gene which was
strongly implicated in animal and human carcinogenesis and it was a
significant regulator of the process of apoptosis [43]. Mutation of
p53, a classical tumor suppressor, is frequently associated with
oncogenesis. Cellular functions modulated by the p53 protein
include DNA synthesis, DNA repair, cell cycle arrest, gene
transcription, senescence and apoptosis [44]. The tumor suppressor

p53 is a key regulator of cell cycle arrest and apoptosis. Its activity
and stability are regulated by a complex network of posttranslational modifications and molecular interactions influenced by
several signaling pathways A mutation in the p53 gene causes p53
inactivation in 50% of human cancers [45]. p53 is an extremely
efficient inhibitor of cell growth, inducing cell cycle arrest and/or
apoptotic cell death, depending on cell type and environment.
Therefore, regulation of p53 activity is critical to allow normal cell
division [46].
Therefore normal p53 expression and function were crucial to
prevent the propagation of genetically damaged cells and to prevent
proliferation of cells under stress conditions. Tumor suppressor
gene p53 is one of the critical genes regulating the onset of DNA
replication around G1/S boundary. Also, p53 mediated tumor
suppression appears to be critical for therapeutic potential in
treatment of tumors [47] p53 contributes to apoptosis induced by a
variety of cellular stresses, including DNA damage, oxidative stress
and chemotherapeutic drugs [48]. In the present study, migrastatin
treated HepG2 cells showed upstream regulation of p53 protein
expression after exposed to the concentrations of 6 µM and 10 µM
for 48 h. Thus it is inferred that, migrastatin may possibly enhance
the susceptibility of HepG2 cells to apoptosis by attenuating the
tumor suppressor protein. In control cells, as evident from the low
levels of p53 at both gene and protein level, it was speculated that
mdm2 might bind to the p53 just to evacuate it from nucleus to
cytosol.
Caspases are synthesized as proenzymes that contain an active
site of cystein nucleophile [49] which is prone to oxidation or
thiol alkylation [50]. Cleavage at speciﬁc aspartate residues
converts the proenzymes into biologically active cysteine
proteases. The activated caspases abrogate the effect of
substrates that protect cellular integrity, such as the DNA-repair
enzyme poly(ADP-ribose) polymerase (PARP), and thereby
induce apoptotic cell death. The activation of at least one
caspase appears to be an essential step in cellular apoptosis [51,
52]. Caspase-3 is a member of the Interleukin-1β Converting
Enzyme (ICE) family of cysteine proteases. Caspase-3 exists in
cells as an inactive 32 kDa proenzyme, called pro-Caspase-3. The
overexpression of Caspase-3 can result in apoptosis. Likewise,
the inhibition of Caspase-3 or other caspases can prevent cells
from entering the apoptotic pathway [53].
Caspase 3, the final executor was in high active in the migrastatin
treated groups which was evident from the increased expression of
protein in western blot analysis. Caspase-3 may then cleave vital
cellular proteins or activate additional caspases by proteolytic
cleavage. In the present investigation, migrastatin treated HepG2
cells showed a low intensity of 32-kD protein band and 17- kD
protein band. Caspase-3 usually exits as an inactive pro-caspase 3
that becomes proteolyically activated by multiple cleavages of its 32kD precursor to generate the 20/11 or 17/11-kD active forms in
cells undergoing apoptosis [54]. Thus, the appearance of 17- kD
protein may be one of the active forms of caspase-3 protein. It may
be due to proteolytic cleavage of inactive caspase-3 induced by
secondary metabolite migrastatin. This occurs before the further
activation of caspase-3-mediated apoptosis. Recent studies have also
suggested that the proteolytic degradation of specific substrates is
responsible for many of the morphological features of apoptosis
[55].
CONCLUSION
Migrastatin,a secondary metabolite from Streptomyces was
evaluated on HepG2 cell line. From MTT assay, the cell viability
was assessed and LDH and GSH content of the cell line were also
tested for to assess the cytotoxic nature of migrastatin. From the
result it could be concluded that migrastatin has potent
cytotoxicity on HepG2 cells on time and dose dependent manner.
Cell clumping and apoptotic body formations were observed by
Light microscopic study. In addition, Migrastatin could capable
of inducing apoptosis through the expression of p53 and caspase
3.Thus, migrastatin has potent cytotoxic and apoptotic nature on
HepG2 hepatoma cell line.
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