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ABSTRACT

Epipremnum pinnatum (L.) Engl. chloroform extract produced significant growth inhibition
against T-47D breast carcinoma cells and analysis of cell death mechanisms indicated that the
extract elicited both apoptotic and non-apoptotic programmed cell deaths. T-47D cells exposed to
the extract produced a significant up-regulation of c-myc and caspase-3 mRNA expression levels
as compared to untreated cells. The up-regulation of caspase-3 mRNA expression appeared to be
mediated mainly via both protein kinase C and tyrosine kinases pathways. T-47D cells exposed to
the extract at ECsy concentration (72 h) for 24 h demonstrated typical DNA fragmentation
associated with apoptosis, as carried out using a DNA fragmentation detection assay. However,
ultrastructural analysis using transmission electron microscope demonstrated distinct vacuolated
cells, which indicated a Type II non-apoptotic cell death although the presence of cell and nuclear
blebbing, apoptotic bodies and chromatin changes associated with apoptosis were also detected.
The presence of non-apoptotic programmed cell death was also detected with annexin-V and
propidium iodide staining. These findings suggested that up-regulation of caspase-3 and c-myc
mRNA expression may have contributed to both apoptotic and non-apoptotic programmed cell
death, respectively in the Epipremnum pinnatum (L.) Engl. chloroform extract-treated T-47D
cells.
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1. INTRODUCTION

Epipremnum pinnatum (L.) Engl., commonly known as “Dragon Tail Plant” or “centipede
togavine” is a large root-climber, belongs to the botanical family of Araceae. This plant is widely
known in Malaysia and Singapore and has had a reputation as a traditional anticancer preparation
as well as a remedy for skin diseases [1-4]. A decoction of the fresh leaves with meat or eggs or as
tea was reported to be a common practice among the locals [2]. A previous study has revealed that
crude ethyl extract from the Epipremnum pinnatum (L.) Engl. exhibited cytotoxic activities
against murine as well as human cell lines such as Molt 4 (leukemic cells), KB (nasopharynx
carcinoma cells) and SW 620 (colon adenocarcinoma cells) [1]. However, its anti-proliferative
effects and cell death mechanisms has not been clearly defined. Although the hexane extract of
the plant is found to induce the non-apoptotic programmed cell death in breast carcinoma cells, the
bioactive compounds in the hydrophobic extract may not be present in the aqueous solution
prepared traditionally [5]. Investigations into the more hydrophilic extracts may explain the way
the indigenous medicine works as most of the time, the aqueous decoction is used in practice.

The new chemical entities (NCE) paradigm of the twentieth century attempts to treat
complex disease with a “single golden molecular bullet”. The first flaw in this paradigm appeared
relatively recently when problems of resistance to antimicrobial and anticancer drugs became
apparent [6]. The multifactorial nature of most diseases especially cancer is unlikely as a result of
a single genetic or environmental change but arise from a combination of genetic, environmental
or behavioral factors [7]. Unlike the western NCE paradigm, traditional medicinal systems of the
East always believed that complex combinations of botanical and non-botanical remedies should
be adjusted to the individual patient and stage of the disease. This approach, emphasized the
mutually potentiating effects of different components of complex medicinal mixtures, is developed
in traditional medicinal systems. Interactions between different molecular components is generally
required for an optimal therapeutic effect of plant extracts. Although the development of NCE
from plants remained the major objective of most researchers, the importance of traditional and
herbal preparation in crude form should not be overlooked.

Human cancers development is often mainly a consequence of deregulated cell cycle
control and/or suppressed apoptosis [8-9]. Impairment of apoptosis is related to cell immortality
and carcinogenesis, thus, the induction of apoptosis in neoplastic cells is therefore, important in
cancer treatment [10]. The word “apoptosis™ is used to describe a common series of morphological
changes involving the nucleus, cytoplasm and plasma membrane that accompanied the death of
cells from a variety of tissue sources [11]. The earliest recognized morphological changes are
compaction and segregation of nuclear chromatin, chromatin margination, convolution of nuclear
and cell outlines and followed by breaking of the nucleus into discrete fragments by budding or
blebbing of the cell to produce membrane-bounded apoptotic bodies [12]. All these morphological
characteristics could be observed using transmission electron microscope. The other important
characteristics are internucleosomal DNA fragmentation and phosphatidylserine translocation
from the inner to the outer monolayer of plasma membrane as an early event of programmed cell
death, which could be determined using several conventional markers of apoptosis such as
TUNEL based assays and annexin V staining methods [13-19].

A range of proto-oncogenes and tumor suppressor genes has been identified that regulates
apoptosis in mammals. For example, over-expression of the tumor suppressor gene, p53 leads to
growth arrest and apoptosis [20-23]. The increased in the expression of c-myc proto-oncogene is
also reported to lead cells to the apoptotic route as shown in several cell lines such as CHO
(Chinese hamster ovary cells) [24], fibroblasts [25-26] and myeloid 32D cells [27]. Another
apoptotic gene, the caspase-3 is required to trigger apoptosis has been demonstrated in caspase
knockout mice [28], in strategies for inducing apoptosis, including Fas activation or exposure to
ionizing radiation [29] and as demonstrated in MCF-7 breast cells transfected with caspase-3 gene
[30]. Thus, in this experiment these three genes were used as markers in the investigation of cell

25




KMITL Seci. Tech. J. Vol. 7 No. 1 Jan. - Jun. 2007

death mechanisms elicited by this medicinal plant. The signal transduction pathways mediating the
caspase-3 mRNA expression in T-47D cells were also determined.

2. MATERIALS AND METHODS

2.1 Chemicals

The CellTiter™ 96 AQueous Non-Radioactive Cell Proliferation Assay and the Deadend™
Colometric Apoptosis Detection System were purchased from Promega, USA. Annexin-V-
FLUOS kit was purchased from Roche Diagnostics, Germany. DMSO was obtained from
Amresco, USA, propidium iodide and vincristine sulphate from Sigma Aldrich, USA. Etoposide
was purchased from DBL, Australia. All culture media and additives were from Hyclone, USA.
All other chemicals were reagents of molecular grade.

2.2 Preparation of extract

The Epipremnum pinnatum plant was collected from the Herb Garden, School of Biological
Sciences, Universiti Sains Malaysia. The voucher specimen (No. USM-TML-002) was prepared
and deposited in the School of Biological Sciences, Universiti Sains Malaysia. The leaves and
stems were washed, dried and chopped finely using a blender.. The dried plant material was
exhaustively extracted with hexane by soxhlet extraction, followed by chloroform. The chloroform
extract were then filtered and concentrated using a rotary evaporator and then evaporated to
dryness at room temperature. The dried chloroform extract is then weighed using a microbalance
(Sartorious, Germany) and reconstituted with DMSO to prepare stock concentration of Smg/ml
and diluted serially to eight different working concentrations.

2.3 Cell lines and culture medium

T-47D (human breast carcinoma) cells were purchased from American Type Culture Collection
(ATCC), USA and cultured in RPMI 1640, supplemented with 10% (v/v) Fetal Bovine Serum
(FBS), 100 U/ml Penicillin and 100 mg/ml Streptomycin solution, 2 mM L-glutamine, 0.01 mg/ml
bovine insulin, 10 mM HEPES and 1 mM sodium pyruvate, as recommended by ATCC.

2.4 In vitro cytotoxicity assay

Cellular growth in the presence or absence of experimental agents was determined using
CellTiter™ 96 AQyeous Non-Radioactive Cell Proliferation Assay (Promega, USA) as described by
the manufacturer. Briefly, T-47D cells were plated onto 96 well plates at cell density of
approximately 6000 cells/well and grown at 37°C in a humidified incubator supplemented with
5% (v/v) CO; for 24 — 48 h. Cell viability was routinely determined using trypan blue exclusion
test and in all cases, cell viability was always in excess of 95%. When the cells reached between
80-90% confluency, the medium was removed and replaced with medium containing only 0.5%
(v/v) FBS. The cells were then incubated for a further 4 h. Subsequently, the cells were then
treated with different concentrations of the chloroform extract (Figure 1). Untreated control cells
were cultured in 0.5% (v/v) FBS-containing medium in the presence of 1% (v/v) DMSO (vehicle).
DMSO was used to dissolve and dilute the extracts and the final concentration of DMSO present
in each well was adjusted to 1% (v/v). The cells were subsequently incubated for 24, 48 and 72 h.
Vincristine sulphate and etoposide were used as positive controls.

After 24, 48 and 72 h incubation, 20 pl/well of combined MTS/PMS solution was added
and the plates were incubated for a further 1-4 h in the humidified 5% (v/v) CO, incubator at
37°C. Absorbance was then read at 490 nm using Vmax Kinetic Microplate Reader (Molecular
Devices, USA). Wells with complete medium and MTS/PMS solution but without cells were used
as blanks. ECs, values were expressed as ug of compound/ml that caused a 50% growth inhibition
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as compared to controls. Experiments were carried out in triplicate in three independent
experiments (n=9).
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Figure 1 Growth inhibitory effects of different concentrations of chloroform extract of
Epipremnum pinnatum plant on T-47D cell line at 24, 48 and 72 h. Each value
represented the mean + S.E.M. (n=9); * p<0.05.

2.5 Determination of apoptotic marker gene expression

The mRNA expression levels of c-mye, p53 and caspase-3 were performed using reverse RT-PCR
[31-32]. T-47D cells were cultured in T-25 flasks and starved under reduced FBS concentration
[0.5% (v/v)] for 4 h. Epipremnum pinnatum chloroform extract at concentration of ECso at 72 h
(5.60 pg/ml) was used to stimulate the cells over a period of 24 h. Total RNA was then isolated
using Tri Reagent LS according to manufacturer’s protocol.

Subsequently, 1ug of isolated total cellular RNA was reverse-transcribed into cDNA and
subjected to PCR amplication. The PCR conditions used were: denaturation at 94°C for 45 s,
annealing at 55°C for 1 min and extension at 72°C for 2 min for 32 cycles (c-myc and p-actin) and
34 cycles (caspase-3 and p53). The PCR conditions including the quantity of RNA and cDNA
samples used to amplify c-myc, caspase-3, p53 and B-actin genes were in the exponential phase of
amplification (data not shown) indicating that the conditions were optimized for semi-quantitative
studies [31-32]. The mRNA level of B-actin was used as an internal control for amount of template
used. The oligonucleotide sequences of the PCR primers (Operon Technologies, USA) used herein
were designed based on the human mRNA encoding the respective genes obtained from the
Genbank (Table 1). Cloning and sequencing of the amplified PCR fragments were also carried out
to determine and confirm the target genes identified. The PCR products were electrophoresed on a
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1.2% (w/v) agarose gel and visualized with ethidium bromide staining. Gene expression signals at
each point of time was determined by densitometric scanning using the Gel Analysis Software
Genetools (Syngene,UK). The signals from c-myc, p53 and caspase 3 were normalized to that
from B-actin and the ratio in unstimulated samples was assigned as 1.

Table 1 The sequence of primers used in PCR

Primer Sequence (5’ - 37)

c-myc forward GAACAAGAAGATGAGGAAGA
Cc-myc reverse AGTTTGTGTTTCAACTGTTC
p53 forward TGTGGAGTATTTGGATGACA
p53 reverse GAACATGAGTTTTTTATGGC
caspase-3 forward TCACAGCAAAAGGAGCAGTTT
caspase-3 reverse CGTCARAGGAAAAGGACTCAA
B-actin forward TCACCCTGAAGTACCCCATC
B-actin reverse CCATCTCTTGCTCGAAGTCC

2.6 Analysis of signal transduction pathways mediating the caspase-3 mRNA’
regulation of apoptotic cell death in T-47D cells

A panel of inhibitors with specific actions on components of known signal transduction
pathway(s) were used in this study in order to identify intracellular signaling routes which may
potentially be involved in the up-regulation of caspase-3 gene expression as described earlier. The
nature and mode of the inhibitors used were listed in Table 2. The range of concentration of each
inhibitor used was based on previous published studies, which produced significant inhibition on
the specific pathways: 30 uM each of H7 [33] and PD098059 [34], 25 uM of H89 [35], 1 uM of
herbimycin A [36] and 90 UM of Arg-Lys-Arg-Ala-Arg-Lys-Glu peptide [37]. The concentration
of Epipremnum pinnatum chloroform extract used in the cellular incubation was 5.60 pg/ml (ECsg,
72 h). The incubation time corresponded to the time, which produced a maximal and significant
mRNA expression of the caspase-3 gene was used as described earlier (3 h).

Table 2 Inhibitors used in the study of signal transduction in T-47D cells

Inhibitors Actions
H7(1-(5-isoquinolinylsulfonyl)-Z-methylpiperazine) Inhibitor of protein kinase C
HE89 (N-[12—(p-bromocinnamylamino)-ethyl]—S- Selective inhibitor of cAMP-dependent
isoquinolenesulfonamide) protein kinase °
PD098059[2-(2’-amino-3 "-methoxyphenyl)- Specific inhibitor of the MAPK-activating
oxanaphthalen-4-one] enzyme, MAPK/ERK kinase (MEK)
Herbimycin A Inhibitor of tyrosine kinases
Peptide Arg-Lys-Arg-Ala-Arg-Lys-Glu Inhibitor of cGMP-dependent protein

kinase

Briefly T-47D cells were prepared and maintained in medium containing a reduced
concentration of 0.5% v/v FBS for 4 h. Following that, the cells were pretreated with the inhibitor
for 2 h in fresh medium containing 0.5% (v/v) FBS [38]. The chloroform extract were then added
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and the incubation continued for 3 h. Total cellular RNA was isolated from untreated cells and
treated cells as described earlier and used, subsequently, for RT-PCR using the appropriate
specific primer set (Table 1) to amplify caspase-3 and f-actin, using the optimized conditions as
described previously. Gene expression signals at each point of time were quantified by
densitometric scanning, using the Gel Analysis Software Genetools (Syngene, UK). The signals of
caspase 3 were normalized to that of B-actin, assigning the ratio in unstimulated cells as 1. All data
shown were representatives of two independent experiments.

2.7 Detection of DNA fragmentation (apoptosis) in T-47D cells

Briefly, near confluent cultures of T-47D cells were subcultured into Labtek™ Chamber Slides
(Nalge Nunc, Denmark) and then incubated for 24—48 h. When the cells reached between 80-90%
confluency, the medium was replaced with fresh medium containing 0.5% (v/v) FBS, incubated
for a further 4 h and then treated with the Epipremnum pinnatum chloroform extract at
concentration of ECsg at 72 h (5.60 pg/ml). Untreated control cells were treated with similar
concentration of DMSO. Positive control cells were treated with DNase'I (1U/ml) and etoposide at
ECs, concentration (72 h, 1.90 pg/ml). In all cases, the final concentration of DMSO in each
control slide did not exceed 1% (v/v). The slides were subsequently incubated for 24 h, then
washed with PBS twice and subsequently processed according to the Deadend™ Colometric
Apoptosis Detection System (Promega, USA) protocol as described by the manufacturer’s manual.
The slides were observed using the light microscope (Olympus BH2 Light microscope attached
with 3CCD JVC KYF55B Colour Video Camera). In another set of experiments in order to
determine cell viability, T-47D cells were plated onto 12-well plates at similar cell densities and
then treated accordingly with the compound. After 24 and 72 h, the treated cells were stained with
0.4% (w/v) trypan blue and left for about 5 minutes. The cell samples were then viewed using an
inverted light microscope. Experiments were carried out in duplicate.

2.8 Ultrastructural analysis of T-47D cells using transmission electron
micrograph (TEM)

Cells were treated with Epipremnum pinnatum chloroform extract (ECsp, 72h) and incubated for
24 h. Subsequently, treated cells were washed, pelleted and then resuspended in 2.5% (v/v)
glutaraldehyde in 0.1 M phosphate buffer pH 7.3.at 4°C for 24 h. Cells were then pelleted and
rinsed in 0.1M phosphate buffer for 10 min and repeated three times. Postfix was carried out with
1% (w/v) osmium tetroxide prepared in 0.1M phosphate buffer for 1-2 h at room temperature.
Subsequently the samples were resin-embedded and sectioning of thin sections (<lum) was
carried out using Reichart Supernova Ultra Microtome. The thin sections were initially stained
with uranyl acetate for 15 min and repeated using lead citrate. Subsequently the sections were
rinsed, dried and examined under a Philips CM 12 Transmission Electron Microscope.
Experiments were carried out in duplicate.

2.9 Detection of phosphatidylserine externalization (programmed cell death)
in T-47D cells 5

T-47D cells were prepared and stimulated with Epipremnum pinnatum chloroform extract (ECso,
72 h) as described earlier. After stimulation, medium, chambers and silicon borders of chamber
slides were removed and the treated cells were incubated with the Annexin-V-FLUOS labeling
solution (combination of annexin V and propidium iodide solution) (100 pl/chamber) for 10-15
min at 15-25°C as described by the manufacturer’s protocol. Subsequently, the slides were
immediately analyzed using a fluorescence microscope using an excitation wavelength in the
range of 450-500 nm and detection in the range of 515-565 nm (green) (Olympus BH2-RFCA
Fluorescence Microscope with Olympus camera attachment). Annexin V and propidium iodide
positive cells were stained in green and red, respectively.
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2.10 Calculations and statistical analysis

ECsp values for growth inhibition was derived from a nonlinear regression model (curvefit) based
on sigmoidal dose response curve (variable) and computed using GraphPadPrism (Graphpad,
USA). Data were given as mean + standard error mean (S.E.M.). The significant differences in
growth inhibition (between test concentration and control) and the significant differences in the
ratio to B-actin (between each time point and control) in gene expression studies were determined
using one way analysis of variance (ANOVA) and Dunnett’s Multiple Comparison Test for post
comparison tests computed using GraphPadPrism software (Graphpad, USA). The significance
level was determined at 0.05 (o). ]

3. RESULTS

3.1 Effects of Epipremnum pinnatum chloroform extract on T-47D cell

growth

Exposure of T-47D breast tumor cells to Epipremnum pinnatum chloroform extract produced a
concentration dependent inhibition of cell growth at both 48 and 72 h (Figure 1). Concentrations
12.5 pg/ml and above produced significant growth inhibition (p<0.05) against T-47D cells after 48
and 72 h incubation with ECs at 12.30 pg/ml and 5.60 pg/ml respectively (Figure 1). The low
ECs values indicated that the chloroform extract exhibited a high cytotoxic activity against T-47D
cell line at 48 and 72 h as judged by the criterion set by the National Cancer Institute, USA [39].
Surprisingly, vincristine sulphate produced an ECs, value of 21.70 ug/ml at 72 h, which appeared
to indicate that the compound was less toxic against the T-47D cells as compared to the crude
chloroform extract of Epipremnum pinnatum plant. However, etoposide produced a higher
cytotoxic activity with an ECs; of 1.90 pg/ml.

3.2 The effects of the Epipremnum pinnatum chloroform extract on the p53,
caspase-3 and c-myc mRNA expression levels and the signal transduction
pathways mediating the up-regulation of caspase-3 mRNA expression in T-

47D cells

The RT-PCR analysis showed a differential expression profile for p53, caspase-3 and c-myc
mRNA levels in T-47D cells treated with the Epipremnum pinnatum chloroform extract (ECs,
5.60 pg/ml) over 24 h period. The expression levels of p53 were not significantly induced by the
extract at all time points (data not shown). Semi-quantitative analysis of the caspase-3 expression
levels revealed a significant increase in the expression levels at 3 h (p<0.05) (Figure 2). As for the
c-myc gene, mRNA expression was up-regulated significantly at 15 min, 30 min, 1 h and 2 h post
stimulation  (p<0.05) as compared to untreated control cells. Graphical representation of the
expression profiles is shown in Figure 2.

All five inhibitors of the signal transduction pathways partially reduced the chloroform
extract-induced mRNA expression of caspase-3 in T-47D cells (Figure 3). However, both H7 and
Herbimycin A produced more than 50% reduction of the caspase-3 mRNA level as compared to
the original level of treated T-47D cells. Thus, protein kinase C and tyrosine-kinases may play a
major role in mediating the signal transduction pathway of chloroform extract-induced mRNA
expression of caspase-3 in T-47D cells.
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Figure 2 Semi-quantitative analysis of the caspase-3 and c-myc mRNA level in T-47D cells
treated with the Epipremnum pinnatum chloroform extract. The ratio of caspase-3, c-
myc and B-actin signals of each point was determined by densitometric scanning of the
signals. The caspase-3: -actin and c-myc: p-actin ratio in unstimulated cells (control)
has been assigned as 1, with the ratio for the remaining samples being represented
relative to this control value. The data shown are the representative of three
independent experimental series, each of which produced the same expression profile.
Each value represented mean + S.E.M. (n=3) * p<0.05 (as compared to control).
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Figure 3 The effects of inhibitors against components of known signal transduction pathways on
the caspase-3 mRNA expression levels in T-47D cells treated with the Epipremnum
pinnatum chloroform extract.

uT Untreated cells
Chl Cells treated with 5.60 pg/ml Epipremnum pinnatum chloroform extract for 3 h
Chl + A Chloroform extract in the presence of 30 uM H7
Chl + B Chloroform extract in the presence of 25 uM H89
Chl + C Chloroform extract in the presence of 30 uM PD098059
Chl +D Chloroform extract in the presence of 1 pM Herbimycin A
Chl + E Chloroform extract in the presence of 90 uM Arg-Lys-Arg-Ala-Arg-Lys-Glu
peptide
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3.3Influence of Epipremnum pinnatum chloroform extract on DNA

fragmentation and cell morphology of T-47D cells

Alterations in DNA integrity and ultrastructural morphology of T-47D cells were examined
following 24 h exposure to 5.60 pg/ml Epipremnum pinnatum chloroform extract. The typical
appearance of T-47D cells after 24 h exposure to the chloroform extract is shown in Figure 4A as
compared to the DNase I-treated T-47D cells (Figure 4B), etoposide-treated T-47D cells (Figure
4C) and negative control T-47D cells (Figure 4D). As shown in Figure 4A, cells treated with the
chloroform extract exhibited apparent DNA fragmentation, one of the criteria used to define
apoptosis (the presence of brown nucleus indicate DNA fragmentation). A high proportional of T-
47D cells produced distinct stained nucleus, suggests apoptosis cell death. Similarly for DNase I-
treated and etoposide-treated T-47D cells, distinct stained cells were clearly visible. By contrast,
the negative control cells produced no DNA fragmentation, indicating reliability of assay. The
chloroform extract-treated cells did not show morphological evidence of necrotic cell death, as
confirmed using the trypan blue exclusion assay. Figure 4E and F showed only a few cells were
stained with trypan blue at 24 and 72 h of incubation, indicating that plasma membrane were intact
at both time points. Thus, necrosis was ruled out as a probable cause of cell death in the
chloroform extract-treated T-47D cells.

Ultrastructural analysis revealed that T-47D cells treated with the Epipremnum pinnatum
chloroform extract demonstrated different stages of apoptotic and non-apoptotic type of cell death.
There was clumping of nuclear chromatin (Figure 5A, B and C), margination of chromatin against
the nuclear membrane (Figure 5A and B), apoptotic bodies (Figure 5A and B), cell blebbing
(Figure 5C) and vacuolated type of morphology (Figure 5D), identified as Type Il non-apoptotic

programmed cell death.
The presence of high intensity and weakly stained annexin V positive cells was evident

(green fluorescence) (Figure 6A, B, C and D), indicating late and early phase of apoptosis or
programmed cell death, respectively. It is interesting to note that a moderate percentage of cells
produced homogeneous and high intensity staining of propidium iodide (red fluorescence),
indicating either necrosis or Type II programmed cell death (Figure 6A, C and D). However, based
on the trypan blue exclusion assay, necrosis was ruled out as the possible mode of cell death.
Thus, the results strongly suggest that programmed cell death was evident in the Epipremnum
pinnatum chloroform extract-treated T-47D cells and both apoptotic and non-apoptotic
programmed cell death (Type II cell death) was equally involved.
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B

Figure 4 The effects of (A) Epipremnum pinnatum chloroform extract (ECs, at 72 h,

5.60 pg/ml), (B) DNase I (1 U/ml), (C) etoposide (ECs at 72 h, 1.90 pg/ml)
and (D) DMSO 1% (v/v) on T-47D cells as assayed with Deadend™
Colometric Apoptosis Detection System (Promega, USA). Arrows show dark
stained nuclei of T-47D cells indicating DNA fragmentation. Trypan blue
exclusion assay of the T-47D cells treated with Epipremmum pinnatum
chloroform extract (5.60 pg/ml) for (E) 24 h and (F) 72 h. Arrows indicating
necrotic cells.
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Figure 5 TEM showing the morphological features of T-47D cells treated with Epipremmum
pinnatum chloroform extract (ECsy at 72 h, 5.60 pg/ml), for 24 h. (A) Chromatin
clumping (thick arrow), chromatin margination (thin arrow) and apoptotic bodies (a)
(B), chromatin clumping (thick arrow), cell blebbing (thin arrow) and apoptotic bodies
(a) (C) cell blebbing and (D) vacuolated morphology (arrows), were observed. (Original
magnification X 9250) :
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igure 6 The effects of Epipremnum pinnatum chloroform extract (ECsq at 72 h, 5.60 pg/ml), on
T-47D cell line as stained with Annexin-V-Fluos™ kit (Roche, Germany). The presence
of high intensity and weakly scattered annexin V (green fluorescence, thin arrows) and
propidium iodide stained cells (red fluorescence, thick arrows) were evident in' most
cells. Note (A) and (C), cells stained with annexin V and PI simultaneously, indicating

programmed cell death, mostly Type II.
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4. DISCUSSION

The studies presented in this report revealed the potential anticancer properties of the Epipremmnuim
pinnnatum (L.) Engl. plant as demonstrated by the low ECsp values at both 48 and 72 h (12.30 and
5.60 pg/ml, respectively). The chloroform extract was demonstrated to cause a significant increase
in the mRNA expression of c-myc in T-47D cells as early 15 min before reaching its peak at 30
min and continued to be up-regulated at 2 h. Although it is generally known that exposure to
cytotoxic agents involved down-regulation instead of up-regulation of proto-oncogenes, which
resulted in programmed cell death in many different cell types [40], there are studies which
reported that over-expression of c-myc can induce programmed cell death depending on
circumstances. For example, droloxifene, a tamoxifen derivative induces apoptosis in cultured
luteal cells with significant increase of c-myc mRNA expression levels as treatment duration
increased [41].

Similarly, an increased in the mRNA expression of caspase-3 was also observed and the
sustained up-regulation of caspase-3 over a period of 24 h was associated with the morphological
features of apoptosis. There was clear evidence of DNA fragmentation, as assayed using the
Deadend™ Colometric Apoptosis Detection System (Promega, USA), which explained further the
role of caspase-3 expression in eliciting the morphological changes associated with apoptosis.
Caspase-3 is a crucial component of the apoptotic machinery in most cell types. The activation of
caspase-3 is a central event in the process of apoptosis [42-44]. This cysteine protease, which is
proteolytically activated by cleavage of pro-caspase-3 by caspase-8, cleaves several intracellular
polypeptides, including major structural elements of the cytoplasm and nucleus, components of the
DNA repair machinery and a number of protein kinases. Collectively, these scissions disrupt
survival pathways and disassemble important architectural components of the cell, contributing to
the stereotypic morphological and biochemical changes that characterize apoptotic cell death [45].
Thus, the up-regulation of caspase-3 and c-myc mRNA expression has undoubtedly contributed to
the apoptotic cell death in T-47D cells following exposure to the Epipremnum pinnatum
chloroform extract.

The mRNA expression of caspase-3 in T-47D cells stimulated with Epipremnum pinnatum
chloroform extract appeared to be mainly mediated via the protein kinase C (PKC) and tyrosine
kinase pathways (although other pathways may be partially involved). This is not surprising as
both pathways are inter-related. The atypical PKC isozymes are activated via the PI-3-K-
dependent pathways, which are also the main signaling pathway utilized by the tyrosine kinases
[46]. The pro-apoptotic role of caspase-3 gene mediating apoptosis via the protein kinase C
pathways is well described in various studies. For example, the tumor necrosis factor ¢ (TNFa)
induces cytotoxicity and apoptosis in the rat epithelial cell line, IEC-1 8, via the activation caspase-
3 enzyme and its effects on the activity are reduced by selective inhibition of novel PKCe and &,
indicating that the PKCs mediates the activation of caspase-3 activity [47].

In another example, cDDP [cis-diamminedichloroplatinum (II), an anticancer agent] causes
a time and concentration-dependent increase in the generation of the catalytic fragment of novel
PKCS and ¢ that is associated with activation of caspase-3 and 7 [48]. In addition, one study
demonstrated that phorbol 12- myristate 13 acetate (PMA) induces cell death in SNU-16 gastric
adenocarcinoma cells via caspase-3 activation and the activity is completely suppressed by
G06983, a specific inhibitor of PKC, indicating that the activation of caspase-3 is mediated via the
PKC pathways [49]. Similarly, PKC5 is found to increase the pro-apoptotic effects of caspase-3 in-
Jurkat-T leukemic cells exposed to ionizing radiation [50].

Ultrastructural analysis demonstrated the presence of apoptotic and non-apoptotic
morphology in T-47D cells treated with chloroform extract. The presence of highly vacuolated
cells (or known as the Type Il non-apoptotic programmed cell death) as demonstrated in the TEM
analysis, clearly suggested that the extract caused cell death via both apoptotic and non-apoptotic
pathway [51-54]. Immunohistochemical experiments were carried out using the annexin V and
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propidium iodide staining. The chloroform extract-treated cells produced positive results with the
annexin V staining, indicated that the negative-charged phospholipid phosphotidylserine found on
the interior surface of the plasma membrane of the cells translocated to the cell surface, which
confirmed the presence of programmed cell death. Furthermore, the presence of the cells
simultaneously stained with propidium iodide and annexin V, concluded the existence of Type II
non-apoptotic cell death (vacuolar) as this type of cells appeared to take-up the stain similarly to
necrotic cells. The ability of the cells to take-up the propidium iodide stain was probably due to
cell porosity [5].

The discovery non-apoptotic cell deaths are demonstrated in MCF-7 breast carcinoma cells
induced by TNF-o and tryphostin AG123. It is demonstrated that MCF-7 cell death induced by the
EGFR specific tyrosine kinase inhibitor is mediated through the non-apoptotic cell death, in the
absence of DNA fragmentation [55]. Tyrosine kinase inhibition has also been reported to produce
a non-apoptotic programmed cell death in colon tumor cells [56]. Electron microscope study in
human bronchiolar lung cancer cell line cultured with inhibitor of 5-lipooxygenase such as
SC41661A and MK886, revealed that the agents produce a form of programmed cell death, which
ultrastructural changes are consistent with a Type IT non-apoptotic programmed cell death [57].
Some triterpenoid saponins from soybeans are also reported to cause Type II cell death in cultures
of human HCT-15 colon adenocarcinoma cells [58].

Recent studies revealed that active self-destruction of cells are not confined to apoptosis
alone. Cells actually use different pathways to commit suicide, including the non-apoptotic or
Type II PCD, known as vacuolar or autophagic death. Briefly, autophagic cell death is often
associated with bulk degradation of proteins and organelles, a process essential for cellular
maintenance and cell viability [59]. It is shown to be essential; for differentiation, development as
well as cellular maintenance [60]. The most recent reviews have clearly indicated that malignant
transformation was frequently associated with the suppression of autophagic cell death [61-65].
Autophagic PCD is also significantly associated with other diseases such as neurodegenerative
diseases, cardiomyopathies, bacterial and viral infections [61]. During autophagy, a cup-shaped
structure, the preautophagosome, engulfs cytosolic components like organelles to form the
autophagosome, which subsequently fuses with a lysosome, leading to the proteolytic degradation
of the components [59]. This process usually is caspase-independent, thus, no DNA fragmentation.
The most prominent evidence that can be visible at the electron microscope level was the
formation of autophagic vacuoles, which gradually degrade the cytoplasmic structures [66].

The discovery of the autophagy genes such as Atzg7 and Beclinl that were involved in the
regulation of this type of cell death and autophagic death induction by some anticancer agents
have actually open more avenues for research in this area [59, 61-65]. C-myc gene is also
indicated in this type of cell death [5]. Many relevant pathways regulating this Type II cell death
and the role and function of this type of programmed cell death in cancer has yet to be ascertained.

In conclusion, the findings in this study indicated that the Epipremnum pinnatum chloroform
extract exerted growth arrests in T-47D cells via both apoptotic and non-apoptotic programmed
cell death. The induction of cell death was probably via caspase-3 and c-myc pathway but was
independent of p53. The mRNA expression of the caspase-3 and c-myc gene was. likely
contributed to the apoptotic and non-apoptotic programmed cell death. Although apoptosis as a
mechanism of cell death is desired in cancer therapeutics, the role of non-apoptotic programmed
cell death remained unclear. By synergistically producing both type of cell deaths in cancer cells,
Epipremnum pinnatum (L.) Engl in crude form may be beneficial as a herbal preparation in cancer

patients.

38




'KMITL Sci. Tech. J. Vol. 7 No. 1 Jan. - Jun. 2007

ACKNOWLEDGEMENTS

This work was partly supported by Science Fund from the Ministry Science, Technology and
Innovation (MOSTI), Malaysia, awarded to TSTM and USM Short Term Grant (FPP 2005/016) to

TML.

REFERENCES

[1] Wong, K.T., Tan, B.K.H. 1996. [n-vitro cytotoxicity and immunomodulating property of
Rhaphidora korthalsii, Journal of Ethnopharmacology, 32, 33-7.

[2] Wong, K.T., Tan, B.K.H, Sim, K.Y., Goh, S.H. 1996. A cytotoxic melanin
precursor,5,6-Dihydroxyindole, from the folkloric anti-cancer plant; Rhaphidophora
korthalsii, Natural Product Letters, 9(2), 137-140.

[3] Chan, M.J., Turner, LM. 1998. The use of Epipremnum pinnatum (Araceae) in Singapore
in the treatment of cancer: an unreported application of a herbal medicine, Economic
Botany, 52(1), 108.

[4] Goh, S.H. 1999. Bioactive principles from folkloric anti-neoplastic plants and from bio-
prospecting the Malaysian Forest. In: The International Conference on Biodiversity and
Bioresources: Conservation and Utilization, Phuket, Thailand, November,23-27
(httg://www.iupac.org/symposia/groceedings/ghuket/goh.htrnl)

[5] Tan, M.L., Najimudin, N., Sulaiman, S.F., Tengku Muhammad, T.S. 2005. Growth arrest
and non-apoptotic programmed cell death associated with the up-regulation of c-myc
mRNA expression in T-47D breast tumor cells following exposure to Epipremnum
pinnatum (L.) Engl. hexane extract, Journal of Ethnopharmacology,, 96, 375-383.

[6] Raskin, 1., Ribnicky, D.M., Komarnytsky, S., Ilic, N., Poulev, A, Borisjuk, N., Brinker,
A., Moreno, D.A., Ripoll, C., Yakoby, N., O’Neal, J.M., Cornwell, T., Pastor, I,
Fridlender, B. 2002. Plants and human health in the twenty first century, Trends in
Biotechnology, 20(12), 522-531.

[7] Kibertis, P., Roberts, L. 2002. It’s not just the genes. Science, 296, 685.

[8] Gryfe, R., Swallow, C., Bapat, B., Redston, M., Gallinger, S., Couture, J. 1997.
Molecular biology of colorectal cancer, Current Problems in Cancer, 21, 233-300.

[9] Potten, C.S. 1997. Epithelial cell growth and differentiation. American Journal of

" Physiology, 36, G253-G257. :

[10]  Kamesaki, H. /998. Mechanisms involved in chemotherapy-induced apoptosis and their

: implications in cancer chemotherapy, International Journal of Hematology, 68, 29-43.

[11] Arends, M.J., Wyllie, A.H. 1991. Apoptosis mechanisms and roles in pathology,
International Review of Experimental Pathology, 32, 223-54.

[12] Kerr, J.F.R., Winterford, C.M., Harmon, B.V. 1994. Apoptosis; its significance in cancer
and cancer therapy, Cancer, 73(8), 2013-26.

[13] Gavrieli, Y., Sherman, Y., Ben-Sasson, S.A. 1992. Identification of programmed cell
death in-situ via specific labeling of nuclear DNA fragmentation, Journal of Cell Biology,
119(3), 493-501.

[14] Fadok, V.A., Savill, J.S., Haslett, C., Bratton, D.L., Doherty, D.E., Campbell, P.A.,
Henson, P.M. 1992(a). Different populations of macrophages use either the vitronectin
receptor or the phosphatidylserine receptor to recognize and remove apoptosis, Journal of
Immunology, 149(12), 4029-35.

[15] Fadok, V.A., Voelker, D.R., Campbell, P.A., Cohen, J.J., Bratton, D.L., Henson, P.M.
1992b. Exposure of phosphatidylserine on the surface of apoptotic lymphocytes triggers
specific recognition and removal by macrophages, Journal of Immunology, 148, 2207-16.

39




[16]

(17]

[18]

[19]

[23]
[24]
[25]
[26]

[27]

KMITL Sci. Tech. J. Vol. 7 No. 1 Jan. - Jun. 2007

Verhoven, B., Schlegel, A.R., Williamson, P. 1995. Mechanisms of phosphatidylserine
exposure, a phagocyte recognition signal, on apoptotic T-lymphocytes, Jowrnal of
Experimental Medicine, 182, 1597-1601.

Vermes, 1., Haanem, C., Steffens-Nakken, H., Reutelingsperger, C. 1995. A novel assay
for apoptosis flow cytometric detection of phosphatidylserine expression on early
apoptotic cells using fluorescein labelled annexin V, Journal of Immunological Methods,
184, 39-51.

Adams, JM., Cory, S 2002. Apoptosomes: engines for caspase activation, Current
Opinion in CellBtology, 14, 715-720.

Beauparlant, P., Shore, G.C. 2003. Therapeutic activation of caspases in cancer: a
question of select1v1ty, Current Opinion in Drug Discovery and Development, 6, 179-
187.

Kastan, M.B., Onyekwere, O., Sidransky, D., Vogelstein, B., Craig, R.W. 1991.
Participation of p53 protein in the cellular response to DNA damage, Cancer Research,
51(23), 6304-11.

Nelson, W.G., Kastan, M.B. 1994. DNA strand breaks: the DNA template alterations that
trigger p53-dependent DNA damage response pathways, Molecular Cell Biology, 14(3),
1815-23.

Kim, R., Ohi, Y., Inoue, H., Toge, T. 1999. Taxotere activates transcription factor AP-1
in association with apoptotic cell death in gastric cancer cell lines, Anticancer Research,
19(16B), 5399-405.

Janus, F., Albrechtsen, N., Dornreiter, [., Wiesmuller, L., Grosse, F., Deppert, W. 1999.
The dual role model for p53 in maintaining genomic intergrity, Cellular and Molecular
Life Sciences, 55, 12-27.

Wurm, F.M., Gwinn, KA., Kingston, R.E. 1986. Inducible overproduction of mouse c-
myc protein in mammalian cells, Proceedings of the National Academy of Sciences USA ,
83, 5414-8.

Wyllie, A.H., Rose, K_.A., Morris, R.G., Steel, C.M., Foster, E., Spandidos, D.A. 1987.
Rodent fibroblast tumours expressing human myc and ras genes; growth, metastasis and
endogenous oncogene expression, British Journal of Cancer, 56,251-9.

Evan, G.I1., Wyllie, A.H., Gilbert, C.S., Littlewood, T.D., Land, H., Brooks, M., Waters,
C.M., Penn, L.Z., Hancock, D.C. 1992. Induction of apoptosis in fibroblasts by c-myc
protein, Cell, 69, 119-28.

Askew, O.S., Ashmun, R.A., Simmons, B.C., Cleveland, J.L. 1991. Constitutive c-myc
expression in an IL-3-dependent myeloid cell line suppresses cell cycle arrest and
accelerates apoptosis, Oncogene, 6,1915-22.

Kuida, K., Zheng, T.S., Na, S.Q., Kuvan, C.Y., Yang, D., Karasuyama, H., Rakic, P,
Flavell, R.A. 1996. Decreased apoptosis in the brain and premature lethality in CPP32-
deficient mice, Nature, 384, 368-72.

Schlegel, J., Peter, I., Orrenius, S., Miller, D.K., Thomberry, N.A., Yamin, T.T,,
Nicholson, D.W. 1996. CPP-32/apopain is the key interleukin-1f-converting enzyme-like
protease involved in Fas-mediated apoptosis, Journal Biological Chemistry, 271(4),
1841-4.

Janicke, R.U., Sprengart, M.L., Wati, M.R., Porter, A.G. 1998 Caspase-3 is required for
DNA fragmentatmn and morphologlcal changes associated with apoptosis, Journal of
Biological Chemistry, 273 (16), 9357-60.

Kousteni, S., Tura-Kockar, F., Ramji, D.P. 1999. Sequence and expression analysis of a
novel Xenpus laevis cDNA that encodes a protein similar to bacterial and chloroplast
ribosomal protein L24, Gene, 235, 13-18.

40




(34]

[33]

(36]

[37]

[38]

[39]

[40]

(41]

[44]

[45]

[46]

(47]

(48]

KMITL Sci. Tech. J. Vol. 7 No. 1 Jah. - Jun. 2007

Tengku Muhammad, T.S., Hughes, T.R., Ranki, H., Cryer, A., Ramiji, D.P. 2000.
Differential regulation of macrophage CCAAT-Enhancer binding protein isoforms by
lipopolysaccharide and cytokines, Cytokine, 12, 1430-1436.

Ahn, CH., Kong, I.Y., Choi, W.C., Hwang, M.S. 1996. Selective inhibition of the effects
of phorbol ester on doxorubicin resistance and p-glycoprotein by the protein kinase C
inhibitor 1-(5-isoquinolinesulfonyl)-2-methylpiperazine (H7) in multidrug-resistant
MCF-7/Dox human breast carcinoma cells, Biochemical Pharmacology, 52, 393-9.

Lin, C.H., Kuan, LH., Wang, C.H., Lee, HM., Lee, W.S., Sheu, J.R., Hsiao, G., Wu,
C.H., Kuo, H.P. 2002. Lipoteichoic acid-induced cyclooxygenase-2 expression requires
activations of p44/42 and p38 mitogen-activated protein kinase signal pathways,
European Journal of Pharmacology, 450, 1-9. }
Fujithara, M., Muroi, M., Muroi, Y., Ito, N., Suzuki, T. 1993. Mechanism of
lipopolysaccharide-triggered junB activation in a mouse macrophage-like cell line (J774),
Journal of Biological Chemistry, 268(20), 14898-905.

Eason, S., Martin, W. 1995. Involvement of tyrosine kinase and protein kinase C in the
induction of nitric oxide synthase by lipopolysaccharide and interferon-gamma in J774
macrophages, Archives International Pharmacodynamic Therapy, 330(2), 225-40.

Glass, D.B. 1983. Differential responses of cyclic GMP-dependent and cyclic AMP-
dependent protein kinases to synthetic peptide inhibitors, Biochemical Journal , 213, 159-
04.

Tengku-Muhammad, T.S., Hughes, T.R., Cryer, A., Ramji, D.P. 1999. Involvement of
both the tyrosine kinase and the phosphatidylinositol-3’ kinase signal transduction
pathways in the regulation of lipoprotein lipase expression in J774.2 macrophages by
cytokines and lipopolysaccharide, Cytokine, 11(7), 463-8.

Geran, R.I., Greenberg, N.H., Macdonald, M.M., Schumacher, A.M., Abbott, B.J. 1972.
Protocols for screening chemical agents and natural products against animal tumours and
other biological systems, Cancer Chemotherapy Reports, 3, 59-61.

Hoffman, B., Liebermann, D.A. 1998. The proto-oncogene c-myc and apoptosis,
Oncogene, 17, 3351-7.

Leng, Y., Gu, Z.P., Cao, L. 2000. Apoptosis induced by droloxifene and c-myc, bax and
bcl-2 mRNA expression in cultured luteal cells of rats, Euwropean Journal of
Pharmacology, 409(2), 123-31.

Thornberry, N.A., Lazebnik, Y. 1998. Caspases: enemies within, Science, 281, 1312-
1316.

Budihardjo, 1., Oliver, H., Lutter, M., Luo, X., Wang, X. 1999. Biochemical pathways of
caspase activation during apoptosis, Annual Review of Cell and Development Biology, 15,
260-290.

Wolf, B.B., Green, D.R. 1999. Suicidal tendencies: apoptotic cell death by caspase family
proteinases, Journal Biological Chemistry, 274, 20049-20052.

Earnshaw, W.C., Martins, L.M., Kaufmann, S.H. 1999. Mammalian caspases: Structure,
activation, substrates and functions during apoptosis, Annual Review of Biochemistry, 68,
383-424.

Blatt, N.B., Glick, G.D. 2001. Signaling pathways and effector mechanisms pre-
programmed cell death, Bioorganic and Medicinal Chemistry, 9, 1371-84.

Chang, Q., Tepperman, B.L. 2001. The role of protein kinase C isozymes in TNF-alpha-
induced cytotoxicity to a rat intestinal cell line, American Journal of Physiology. -
Gastrointestinal and Liver Physiology, 280(4), G572-83.

Basu, A., Akkaraju, G.R. 1999. Regulation of caspase activation and cis-diammine-
dichloroplatinum(II)-induced cell death by protein kinase C, Biochemical Journal,
38(14), 4245-51.

41




[49]

[50]

(53]

[54]

[55]
[56]

[57]

[58]

- KMITL Sci. Tech. J. Vol. 7 No. 1 Jan. - Jun. 2007

Park, I.C., Park, M.J,, Rhee, C.H., Lee, I.1., Choe, T.B.,, Jang, J.J,, Lee, S.H., Hong, S.I.
2001. Protein kinase C activation by PMA rapidly induces apoptosis through caspase-
3/CPP32 and serine protease(s) in a gastric cancer cell line, International Journal of
Oncology , 18(5), 1077-83.

Cataldi,-A., Miscia, S., Centurione, L., Rapino, M., Bosco, D., Grifone, G., Valerio, V.D.,
Garaci, F., Rana, R. 2002. Role of nuclear PKC delta in mediating caspase-3 up-
regulation in Jurkat T leukemic cells exposed to ionizing radiation, Journal of Cellular
Biochemistry, 86(3), 553-60.

Koriyama, H., Kouchi, Z., Umeda, T., Saido, T.C., Momoi, T., Ishiura, S., Suzuki, K.
1999. Proteolytic activation of protein kinase C § and & by caspase-3 in U937 cells during
chemotherapeutic agent-induced apoptosis, Cell Signaling, 11(11), 831-38.

Sato, N., Sakamaki, K., Terada, N., Arai, K., Miyajima, A. 1993. Signal transduction by
the high-affinity GM-CSF receptor: two distinct cytoplasmic regions of the common beta
subunit responsible for different signaling, EMBO Journal, 12(11), 4181-9.

Bowen, 1.D., Bowen, SM. 1990. Programmed cell death in tumours and tissues, 1%
edition, Chapman and Hall, London.

Bowen, .D., Mullarkey, K., Morgan, S.M. 1996. Programmed cell death in the salivary
glands of the blow fly Calliphora vomitoria, Microscopy Research and Techniques, 34,
202-7.

Bowen, 1.D., Bowen, S.M., Jones, A.H. 1998. Mitosis and Apoptosis: Matters of life and
death, Chapman and Hall, London.

Bowen, I.D., Amin, F. 2000. Tumor cell death. In: Programmed cell death in animals and
plants (eds Bryant et al), BIOS Scientific Publishers, United Kingdom.

Amin, F., Bowen, 1.D., Szegedi, Z., Mihalik, R., Szende, B. 2000. Apoptotic and non-
apoptotic modes of programmed cell death in MCF-7 human breast carcinoma cells, Cel/
Biology International, 24(4), 253-60.

Szende, B., Keri, G.Y., Szegedi, Z.S., Benedeczky, I, Csikos, A., Orfi, L., Gazit, A.
1995. Tryphostin induces non-apoptotic programmed cell death in colon tumor cells, Cell
Biology International, 19, 903-11.

Ou, D, Bonomi, P., Jao, W., Jadko, S., Harris, J.E., Anderson, K.M. 2001. The mode of
cell death in H-358 lung cancer cells cultured with inhibitors of 5-lipooxygenase or the
free radical spin trap, NTBN. Cancer Letters, 166(2), 223-31.

‘Ellington, A.A., Bethow, M., Singletary, K.W. 2005. Induction of macroautophagy in

human colon cancer cells by soybean B-group triterpenoid saponins, Carcinogenesis,
26(1), 159-67.

Tanida, I., Ueno, T., Kominami, E. 2004. LC3 conjugation system in mammalian
autophagy, The International Journal of Biochemistry and Cell Biology, 36, 2503-2518.
Meijer, A.J., Dubbelhuis, P.F. 2004. Amino acid signaling and the integration of
metabolism, Biochemical and Biophysical Research Communications, 313, 397-403.
Gozuacik, D., Kimchi, A. 2004. Autophagy as a cell death and tumor suppressor
mechanism, Oncogene, 23(16), 2891-2906. ]

Marino, G., Lopez-Otin, C. 2004. Autophagy: molecular mechanisms, physiological
functions and relevance in human pathology, Cellular and Molecular Life Sciences,
61(12), 1439-1454,

Meijer, A.J., Codogno, P. 2004. Regulation and role of autophagy in mammalian cells,
International Journal Biochemistry and Cell Biology, 36(12), 2445-2462.

Gutierrez, M.G., Munafo, D.B., Beron, W., Colombo, M.I. 2004. Rab7 is required for the
normal progression of the autophagic pathway in mammalian cells, Journal Cell Science,
117(13), 2687-2697.

42




KMITL Sci. Tech. J. Vol. 7 No. 1 Jan. - Jun. 2007

[67] Yu, L., Lenardo, M.J., Bachrecke, E.H. 2004. Autophagy and Caspases: A new cell death
program, Cell Cycle, 3(9), 1124-26.

[68] Bursch, W. 2004. Multiple cell death programs: Charon’s lifts to Hades, FEMS Yeast
Research, 5(2), 101-10.

List of abbreviations

ATCC
cDNA
CO,
DMSO
DNA
DNase

EGFR
FBS

h

min
mRNA
MTS

PBS
PCR
PMS
RPMI
RNA
RT-PCR
s

S.E.M.
TEM
TNF-a
TUNEL .

USA

Mg
wiv

viv

American Type Culture Collection
complementary deoxyribonucleic acid

carbon dioxide

dimethyl sulphoxide

deoxyribonucleic acid

deoxyribonuclease

effective concentration that causes a 50% growth inhibition as
compared to controls

epidermal growth factor receptor

fetal bovine serum

hour

minute

messenger ribonucleic acid
3-(4,5-dimethythiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium

phosphate buffer saline

polymerase chain reaction

phenazine methosulphate

Rosewell Park Memorial Institute

ribonucleic acid

reverse transcription-polymerase chain reaction
second

standard error mean

transmission electron microscopy

tumor necrosis factor alfa

Terminal deoxytransferase-mediated deoxyuridine nick end-labeling
(assay)

United States of America

microgram

weight/volume

volume/volume

43




