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The objective of this study was to investigate the antiproliferative effect and the mechanism of trypsin
inhibitor (TI) from sweet potato [Ipomoea batatas (L.) Lam. ‘Tainong 57’] storage roots on NB4
promyelocytic leukemia cells. The results showed that TI inhibited cellular growth of NB4 promyelocytic
leukemia cells in a time-dependent and dose-dependent manner, and treatment for 72 h induced a
marked inhibition of cellular growth, showing an IC50 of 57.1 ( 8.26 µg/mL. TI caused cell cycle
arrest at the G1 phase as determined by flow cytometric analysis and apoptosis as shown by DNA
laddering. TI-induced cell apoptosis involved p53, Bcl-2, Bax, and cytochrome c protein in NB4 cells.
P53 and Bax proteins were accumulated, and antiapoptotic molecule Bcl-2 was decreased in the
tested cells in a time-dependent manner during TI treatment. TI also induced a substantial release
of cytochrome c from the mitochondria into the cytosol. Hence, TI induced apoptosis in NB4 cells
through a mitochondria-dependent pathway, which was associated with the activation of caspase-3
and -8. These results demonstrated that TI induces NB4 cell apoptosis through the inhibition of cell
growth and the activation of the pathway of caspase-3 and -8 cascades.
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INTRODUCTION

Apoptosis is important in the control of cell numbers during
development and proliferation. The mechanism of apoptosis is
conserved from lower eukaryotes to mammals and exhibits a
network of tightly ordered molecular events that finally converge
into the enzymatic fragmentation of chromosomal DNA, driving
a cell to death (1). Apoptosis involves the activation of a family
of caspases, which cleave a variety of cellular substrates that
contribute to detrimental biochemical and morphological changes
(2, 3). At least two pathways of caspase activation for apoptosis
induction have been characterized. One is mediated by death
receptors (Fas). Activation of death receptors by binding with
their natural ligands (Fas ligand) induces apoptosis in sensitive
cells (4). Death receptor ligands characteristically initiate
signaling via receptor oligomerization and recruitment of
specialized adaptor proteins followed by proteolysis and activa-
tion of procaspase-8, and activated caspase-8 directly cleaves
and activates caspase-3, which in turn cleaves other caspases

(e.g., caspase-6 and -7) for activation (5-8). The other pathway,
driven by Bcl-2 family proteins, which may be antiapoptotic
(Bcl-2 and Bcl-XL) or proapoptotic (Bax, Bak, and Bid),
regulates cell death by controlling mitochondrial membrane
permeability during apoptosis. Upon apoptosis, proapoptotic
proteins translocate to mitochondria and accelerate the opening
of the mitochondria porin channel that leads to cytochromec
release, thereby triggering the cascade of caspase activation (9).
The induction of apoptosis by the natural products in malignant
cells validates a promising strategy for human cancer chemo-
prevention (10,11).

Protease inhibitors in plants may be important in regulating
and controlling endogenous proteases and in acting as protective
agents against insect and/or microbial proteases (12, 13).
Sohonie and Bhandarker (14) reported for the first time the
presence of trypsin inhibitor (TI) in sweet potato (SP). Later, it
was indicated that TI activities in SP are positively correlated
with concentrations of water-soluble protein (15) and that TI
activities increase in response to drought (16). Polyamines,
including cadaverine, spermidine, and spermine, were bound
covalently to SP TI, which might participate in regulating the
growth and developmental processes of SP (17). TI in SP storage
roots accounts for about 60% of the total water-soluble proteins
and could be recognized as storage proteins (15). Maeshima et
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al. (18) identified sporamin as the major storage protein in SP
root, accounting for 80% of the total proteins there; a dramatic
decrease of the amount of sporamin to 2% of the original value
was found during sprouting. Lin (19) considered sporamin as
one form of TI in SP, a finding confirmed later by Yeh et al.
(20). However, few papers concern the degradation of SP root
storage protein during sprouting. An aspartic protease that could
degrade TI in sprouts of sweet potato was purified (21).

Our previous papers showed that TI exhibited both dehydro-
ascorbate reductase and monodehydroascorbate reductase activi-
ties, and 33 kDa TI exhibited antioxidant activities against
different radicals (22). In this work we report for the first time
that TI, the major storage protein of sweet potato tubers, showed
cytotoxicity via cell arrest at the G1 phase of the cell cycle and
induction of apoptosis of human NB4 leukemia cells. We
propose that TI of sweet potato may be useful as a cancer-
preventive substance.

MATERIALS AND METHODS

Cultures and Chemicals.NB4 promyelocytic leukemia cell line
was purchased from the American Type Culture Collection (Rockville,
MD). Tris and electrophoretic reagents were purchased from E. Merck
Inc. (Darmstadt, Germany); Seeblue prestained markers for SDS-PAGE
including myosin (250 kDa), phosphorylase (148 kDa), BSA (98 kDa),
glutamate dehydrogenase (64 kDa), alcohol dehydrogenase (50 kDa),
carbonic anhydrase (36 kDa), myoglobin red (22 kDa), lysozyme (16
kDa), aprotinin (6 kDa), and insulin B chain (4 kDa) were from
Invitrogen (Groningen, The Netherlands); p53, Bcl-2, Bax, cytochrome
c, and â-actin were from ABcam (ABcam Inc.). Caspase-3 and -8
colorimetric activity assay kits were from Chemicon International, Inc.
(Temecula, CA); Coomassie brilliant blue G-250 and other chemicals
and reagents were purchased from Sigma Chemical Co. (St. Louis, MO).

Plant Materials. Fresh storage roots of sweet potato (Ipomoea
batatas Lam. ‘Tainong 57’) were purchased from a local market.
Samples were washed and peeled and then cut into strips that were
extracted immediately.

Purification of Sweet Potato Trypsin Inhibitors. Extraction and
purification of TI from sweet potato storage roots was carried out at 4
°C according to the method of Hou et al. (22). The storage roots were
cut into strips that were extracted immediately with 4 volumes (w/v)
of 100 mM Tris-HCl buffer (pH 7.9) containing 100 mM NaCl, 1%
(w/v) ascorbate, and 1% (w/v) polyvinylpolypyrrolidone (PVPP) in a
homogenizer for 30 s (four times). The homogenates were filtered
through four layers of cheesecloth and centrifuged twice at 12000g for
30 min. The crude extracts were loaded directly onto a trypsin-
Sepharose 4B affinity column (1.0× 10 cm), and the adsorbed TI was
eluted by changing the pH value with 0.2 M KCl buffer (pH 2.0) (23).
The extracts were desalted and concentrated with Centricon 10 and
then lyophilized for further use.

Trypsin Inhibitor Activity Assay. Trypsin inhibitor activity (TIA)
was assayed according to the method of Huang et al. (24) using
N-benzoyl-L-arginine ethyl ester as a substrate. Different amounts of
TI were preincubated with 4µg of trypsin at room temperature for 15
min, and then the substrate was added for an additional 20 min. The
absorbance at 405 nm was determined. Three determinations were
averaged for TIA and expressed as micrograms of trypsin inhibited.
Statistical significance of the data was tested using a commercial SAS
program (SAS 8.0, Cary, NC).

Protein Staining and Activity Stainings of TI on 15% Denaturing
Polyacrylamide Gels.TI was detected for both protein and activity
stainings on 15% SDS-PAGE gels. Samples were mixed with sample
buffer, namely, 60 mM Tris-HCl buffer (pH 6.8) containing 2% SDS,
25% glycerol, and 0.1% bromophenol blue with or without 2-mercapto-
ethanol. Coomassie brilliant blue G-250 was used for protein staining
(24). For TI activity staining, the gel was stained according to the
method of Hou et al. (25). When SDS-PAGE was finished, gel was
immersed and shaken twice in 25% v/v isopropanol in 10 mM Tris
buffer (pH 7.9) for 10 min each. The gel was then dipped into 10 mM

hydrogen peroxide in the same buffer for at least 30 min with gentle
shaking and finally washed in 10 mM Tris buffer (pH 7.9) for 10 min.
Then the gel was incubated in trypsin solution (50µg/mL bovine
trypsin/mL, 10 mM Tris buffer pH 7.9) at 37°C for 20 min. After
removal of excess trypsin by rinsing with the same buffer, the gel was
incubated in the dark at 37°C for at least 30 min with 160 mL of
substrate-dye solution immediately prepared before use. The substrate-
dye solution consisted of 40 mg ofN-acetyl-DL-phenylalanineâ-naph-
thyl ester (APNE) in 16 mL ofN,N-dimethylformamide that was
brought to 160 mL with 144 mL of 10 mM Tris buffer (pH 7.9), in
which 80 mg of tetrazotizedo-dianisidine was dissolved. The gel was
destained with 10% acetic acid for 30 min.

Measurement of Cell Proliferation. The NB4 cell line was isolated
from long-term cultures of leukemia blast cells on bone-marrow stromal
fibroblasts as reported by Lanotte et al. (26). NB4 cells were maintained
in RPMI 1640 medium supplemented with 10% heat-inactivated fetal
bovine serum, 2 mML-glutamine, 100 units/mL penicillin, and 100
mg/mL streptomycin in a humidified atmosphere of 5% carbon dioxide.
The cells were subcultured every third day, maintaining the cell density
in cultures below 5× 105 cells/mL.

Cell Viability Assay. The cell viability assay was determined by
using a colorimetric 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay for cell survival and proliferation
(Chemicon). Suspensions of human histolytic lymphoma NB4 mono-
cytes (2× 105 cells/mL) were cultured with or without test samples
(at various concentrations in 10µL of suspension) in a 96-well
microplate (90µL suspension/well). After 24, 48, or 72 h, 10µL of
MTT solution was added to each well, and the cells were incubated at
37 °C for 4 h. Then, 100µL of lysis buffer was added to each well,
and the cells were again incubated at 37°C for 1 h to dissolve the
dark blue crystals. Each well was completely pipetted, and then the
absorption at 570 nm of formazan solution was measured using a
microplate reader. At least three repeats for each sample were used to
determine the cell proliferation. The decolorization was plotted against
the concentration of the sample extract, and the EC50, which is the
amount of test sample necessary to decrease 50% of the absorbance of
MTT, was calculated.

Cell Cycle Analysis. NB4 cells (1 × 106) were suspended in
hypotonic solution [0.1% Triton X-100, 1 mM Tris-HCl (pH 8.0), 3.4
mM sodium citrate, and 0.1 mM EDTA] and stained with 50µg/mL
of propidium iodide (PI). DNA content was analyzed by a FACScan
(Becton Dickinson, San Jose, CA). The population of cells in each
cell cycle phase was determined using CellQuest PRO software (Becton
Dickinson).

Assays for Apoptosis.Apoptosis was determined by the presence
of internucleosomal DNA fragmentation (DNA laddering) after cell
exposure to TI (10, 50, and 100µg/mL) in 72 h. NB4 cells were cultured
in 24-well microtiter plates at a density of 2× 106 cells/well (1 mL
final volume). To extract genomic DNA, cells were harvested, washed
with cold 10 mM Tris-HCl (pH 7.5), 100 mM NaCl, and 2 mM EDTA,
and lysed by the addition of 0.5% SDS. Cell lysates were then incubated
at 56°C for 3 h in thepresence of 100µg/mL of proteinase K. DNA
was purified by successive phenol/chloroform extractions, and the
resultant aqueous phase was mixed with 3 M sodium acetate (pH 5.2)
and absolute ethanol. The mixture was incubated at-20 °C overnight,
and the ethanol-precipitated DNA was washed with 70% ethanol.
Purified DNA was resuspended in 10 mM Tris-HCl (pH 7.5) amd 1
mM EDTA and treated with 50µg/mL DNase-free RNase A for 1 h.
Samples were resolved on a 1% agarose gel and stained with 0.5µg/
mL ethidium bromide, and DNA was visualized with ultraviolet light.

Caspase-3 or -8 Activity Assay.A caspase-3 or -8 colorimetric
activity assay kit (Chemicon International, Inc.) was used. TI (100µg/
mL) treated NB4 cells (1× 106) were washed in PBS and resuspended
in 100 µL of ice-cold lysis buffer [50 mM Tris-HCl (pH 7.5), 0.03%
(v/v) nonidet P-40, 1 mM dithiothreitol] for 30 min at 4°C. Cell extracts
were centrifuged (13000g for 15 min at 4°C), and aliquots of the
supernatants (20µg of proteins) were incubated for 30 min at 37°C
with caspase-3 or -8 substrate. Enzymatic caspase activity was
calculated from the increase of absorbance at 405 nm during 2 h. The
activity data are expressed relative to the blank data.
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Cell Lysate Preparation and Western Blotting. Cells were
collected by centrifugation at 700gfor 10 min, and then the pellets
were resuspended in a lysis buffer [1% NP-40, 1 mM phenylmethane-
sulfonyl fluoride (PMSF), 40 mM Tris-HCl (pH 8.0), 150 mM NaCl]
at 4 °C for 15 min. Cell lysates (15µg of protein per lane) were
fractionated on 12.5 or 7.5% SDS-polyacrylamide gels prior to being
transferred to the membrane (Immobilon-P membranes, Millipore,
Bedford, MA) according to the standard protocol. Membranes were
blocked for 2 h at room temperature in 5% nonfat dry milk powder
and then incubated with primary antibodies. After incubation, mem-
branes were washed in phosphate-buffered saline with 0.05% Tween
(PBST) three times, 10 min each, and then incubated with anti-rabbit
alkaline phosphatase-conjugated antibody, washed in PBST three times,
10 min each, and developed using nitro blue tetrazolium (NBT)/5-
bromo-4-chloro-3-indolylphosphate (BCIP) (Sigma). The second an-
tigen (goat against rabbit Fc portion of Ig) was a product of Sigma.
â-Actin was used as an indicator to establish equality of lane loading.
Blots were also stained with Coomassie brilliant blue to confirm that
equal amounts of protein extract were present in each lane. The
following antibodies were used in this study: anti-cytochromec, -p53,
-Bax, -Bcl-2, andâ-actin (ABcam).

Statistical Analysis.Means of triplicates were measured. Student’s
t test was used for comparison between two treatments. A difference
was considered to be statistically significant whenp < 0.05.

RESULTS AND DISCUSSION

Extraction and Purification of Trypsin Inhibitor from
Sweet Potato Storage Root.TI was purified from sweet potato
storage root according to the method of Hou et al. (22).Figure
1 shows protein staining (lanes 1 and 3) and activity staining
(lanes 2 and 4) of purified TI without (lanes 1 and 2) or with
(lanes 3 and 4) 2-mercaptoethanol treatment on a 15% SDS-
PAGE gel.

TI Inhibited Cellular Proliferation of NB4 Cells via
Induction of G1 Cell Cycle Arrest and Apoptosis.TI (0, 10,
20, 40, 60, 80, and 100µg/mL) inhibited cellular growth of
NB4 promyelocytic leukemia cells in a time-dependent and
dose-dependent manner (Figure 2), and treatment for 72 h

Figure 1. Protein (lanes 1 and 3) and activity (lanes 2 and 4) stainings
of the trypsin inhibitor from sweet potato storage root on SDS-PAGE gels
without (lanes 1 and 2) or with (lanes 3 and 4) 2-mercaptoethanol. The
gel system contained a 2.5 cm, 4% stacking gel and a 4.5 cm, 15%
separating gel. M indicates the Seeblue prestained markers of SDS-PAGE.
Ten micrograms of TI was loaded in each well.

Figure 2. Percent inhibition of NB4 cell proliferation by TI at different
concentrations (mean ± SD, n ) 3) (p < 0.05). After treatment with 10−
100 µg/mL TI for 0, 24, 48, or 72 h, cell density of NB4 cells was
determined. Cell density was scored in a cytometric chamber, and
metabolic activity was measured by the 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) test. Absorbance at 570 nm was
recorded using an ELISA plate reader. Cells were seeded at a density of
2 × 105 cells/mL. Data were presented as the mean ± SEM, determined
from three separate experiments.

Figure 3. Cell cycle analysis. Cells were cultured with 100 µg/mL TI for
0−72 h and stained with propidium iodide (PI). PI-stained DNA content
was analyzed by flow cytometry. G0/G1, S, and G2/M indicate the cell
phase. FL2-A represents the intensity of the fluorescence. Data shown
were from a representative experiment repeated three times with similar
results.

Figure 4. Purified DNA was resuspended in 10 mM Tris-HCl buffer, pH
7.5, with 1 mM EDTA. Lanes 1−5 correspond to NB4 cells with the
following treatments: lane 1, TI 10 µg/mL; lane 2, TI 50 µg/mL; lane 3,
TI 100 µg/mL; lane 4, control (phosphate-buffered saline); lane 5, control
(no treatment). Samples were resolved on a 1% agarose gel and stained
with 0.5 µg/mL ethidium bromide, and DNA was visualized with ultraviolet
light. M, 100 bp DNA ladder.
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induced a marked inhibition of cellular growth, showing an IC50

of 57.1 ( 8.26 µg/mL (Figure 2).
The apoptotic effects of TI were confirmed by flow cyto-

metric analysis. Cells were analyzed for cell cycle distribution
by flow cytometry. Typical morphological appearance of
apoptosis was observed, including condensed chromatin and
fragmented nuclei with apoptotic bodies (data not shown).
Interestingly, cultivation with TI strongly increased the popula-
tion of NB4 cells in the G1 phase 72 h after treatment (Figure
3). When NB4 cells were incubated with 100µg/mL of TI for
0, 24, 48, and 72 h, the relative percentages of G1 phase were
24.2, 36.7, 40.2, and 45.1%, respectively. These results indicate
that TI caused cell cycle arrest at the G1 phase, followed by
apoptosis.

Effect of TI on Nuclear DNA Fragmentation in NB4 Cells.
One of the mechanisms by which cell growth is suppressed is
apoptotic cell death. Therefore, the effect of TI on DNA
fragmentation was examined in NB4 cells (Figure 4). Nucleo-
somal DNA fragmentation was observed when cells were treated
with 10, 50, and 100µg/mL of TI for 72 h. The profile for
TI-induced apoptosis closely correlated with its growth-
suppressive effects. Thus, the growth suppression induced by
TI in NB4 cells may be related to the induction of apoptosis.

Expression of Cell Cycle-Associated Proteins in TI-
Treated NB4 Cells.To understand the molecular mechanisms
by which the TI induced apoptosis, we examined various
apoptosis-related proteins. NB4 cells were cultured in media
containing 100µg/mL of TI for 0, 24, 48, and 72 h. At each
time point, total proteins were isolated and p53, Bcl-2, Bax,

cytochromec, andâ-actin immunoreactivity levels were mea-
sured by Western blotting (Figure 5). P53 protein was ac-
cumulated during the treatment of TI in NB4 cells expressing
wild-type p53 (Figure 5). The proapoptotic protein Bax was
increased, whereas the levels of the antiapoptotic molecule Bcl-2
were decreased in a time-dependent manner during the treat-
ment.

TI also induced a substantial release of cytochromec from
the mitochondria into the cytosol (Figure 5). These results
suggest that TI induces apoptosis in NB4 cells through a
mitochondria-dependent pathway.

Apoptosis may be initiated by many different signals, from
either within or outside the cell. During the modulation phase
of apoptosis many different genes such asp53,c-myc, or Bcl-
2/Baxhave been shown to be able to shift the balance between
cellular proliferation or stationary state and death (27-29).

The tumor suppressor protein p53, a transcription factor, has
been identified as a participant in the cellular DNA damage
response. Upon DNA damage, p53 up-regulation causes G1
arrest. The apoptosis-promoting capacity of p53 is presumably
due to its ability to activatebax, a gene that encodes an inhibitor
of Bcl-2. In the present study, we observed down-regulation of
bcl-2 expression, which is in keeping with the role of Bcl-2 in
blocking apoptosis and promoting proliferation. At the same
time, the expression of apoptosis-associated genep53was up-
regulated. These findings suggested that Bcl-2, Bax, and p53
were involved in apoptosis of NB4 cells induced by TI.

Many papers have pointed out that the ability to induce
apoptosis on tumor cells by anticancer agents (such as Taxol)

Figure 5. Expression of apoptosis- and cell cycle-associated proteins. (A) NB4 cells were treated with 100 µg/mL TI for the indicated times. Cell lysates
(15 µg per lane) were fractionated on 10% SDS−polyacrylamide gels and analyzed by Western blotting with antibodies against apoptosis- and cell
cycle-associated proteins (p53, Bcl-2, Bax, cytochrome c, and â-actin): lane 1, treated with TI for 24 h; lane 2, treated with TI for 48 h; lane 3, treated
with TI for 72 h; lane 4, control (phosphate-buffered saline); lane 5, control (no treatment). (B) P53/â-actin protein ratios, (C) Bax/â-actin protein ratios,
(D) Bcl-2/â-actin protein ratios, and (E) cytochrome c/â-actin protein ratios were obtained by treating NB4 cells with TI for various times.
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correlates well with the ability to decrease expression ofbcl-2
(30, 31). In the present study, we showed that the expression
of bcl-2 was decreased in a concentration-dependent manner
correlated with the percentage of apoptotic NB4 cells treated
by TI, suggesting that Bcl-2 may play a role in TI-mediated
apoptosis of NB4 cells. Mitochondrial-dependent apoptosis is
often through the activation of a proapoptotic factor of the Bcl-2
family. Thus, one possible role of Bcl-2 in the prevention of
apoptosis is to block cytochromec release from mitochondria.
Indeed, we found the expression of thebax proapoptotic gene
during TI treatment, and the release of cytochromec was also
observed in the present study.

Recently, Bax has been shown to induce cytochromec release
and caspase activation in vivo (19) and in vitro (20). This release
was reportedly dependent upon induction of the mitochondrial
permeability transition, an event that is associated with disrup-
tion of the mitochondrial inner transmembrane potential (DCm)
(21) and has been implicated in a variety of apoptotic phenom-
ena (22). On the basis of these results, it is reasonable to
conclude that TI induces apoptosis in promyelocytic leukemia
NB4 cells via a Fas (CD95)- and mitochondria-mediated
pathway.

Effects of TI on Caspase-3 or -8 Activity.Treatment with
TI for 0, 24, 48, and 72 h significantly induced caspase-3 and
-8 activities in NB4 cells (Figure 6). NB4 cells were treated
with or without 100µg/mL TI for 72 h (Figure 6). To measure
the caspase-3 or -8 activity of the cell extracts directly and
quantitatively, Ac-DEVD-pNA and Ac-IETD-pNA, specific
colorimetric substrates of caspase-3 and -8 respectively, were
used. The results demonstrated that caspase-3 was activated
during TI-induced apoptotic process. Actually, TI also activated
caspase-8, although not as strongly as it did caspase-3.

Caspases are believed to play a crucial role in mediating
various apoptotic responses. A model has been proposed in
which two different caspases, caspase-8 and -9, mediated distinct
types of apoptotic stimuli (32,33). The cascade led by caspase-8
is involved in death receptor-mediated apoptosis such as the
one triggered by Fas. Ligation of Fas by Fas ligand results in
sequential recruitment of Fas-associated death domain (FADD)
and procaspase-8 to the death domain of Fas to form the death-
inducing signaling complex, leading to cleavage of procaspase-

8, with the consequent generation of active caspase-8. Active
caspase-8 then activates downstream effector caspases through
cleavage of Bid, committing the cell to apoptosis (34). The
mechanisms by which cytotoxic drugs kill leukemic cells are
not well understood, although the activation of caspase-3 has
been involved in the important signaling pathway of apoptosis
(35). However, further investigations will be needed to clarify
the role of death receptors such as Fas (CD95) and TNF-receptor
by their ligands.

In this paper, we showed that the impairment of mitochondria
in TI-treated NB4 cells was followed by caspase-3 activation.
In addition, TI treatment led to a time-dependent proteolysis of
Bcl-2 in NB4 cells. The change of this antiapoptotic protein
could also be prevented by Ac-DEVD-CHO (caspase-3 inhibi-
tor), suggesting that caspase-3 activity must be crucial in this
specific proteolytic process during TI-induced cell death. Bcl-2
is an integral intracellular membrane protein that inhibits
programmed cell death induced by multiple stimuli and acts
upstream of caspases by blocking the release of cytochromec
from mitochondria (36). On the other hand, as shown in this
paper, Bcl-2 can also serve as a substrate of caspases and, under
certain conditions, be cleaved and converted into a Bax-like
proapoptotic molecule (37). Taken together, these results suggest
that TI-induced apoptosis is associated with the release of
cytochromec and the activation of caspase-3 involving Bcl-2
cleavage.

In conclusion, from these results we suggest that TI shows
cytotoxicity through the arrest of the cell cycle at the G1 phase
and induction of apoptosis. We propose that TI of sweet potato
may be useful as a cancer-preventive substance.
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