
Food and Chemical Toxicology 49 (2011) 17–24
Contents lists available at ScienceDirect

Food and Chemical Toxicology

journal homepage: www.elsevier .com/locate / foodchemtox
Involvement of apoptosis and autophagy in reducing mouse hepatoma ML-1
cell growth in inbred BALB/c mice by bacterial fermented soybean products

Chun-Li Su a,b, Fang-Nan Chen c, Shen-Jeu Won d,⇑
a Department of Human Development and Family Studies, National Taiwan Normal University, Taipei 106, Taiwan
b Department of Nursing, Chang Jung Christian University, Tainan 711, Taiwan
c Department of Biotechnology, Institute of Nong Cyuan Hao, Chaiyi 613, Taiwan
d Department of Microbiology and Immunology, Medical College, National Cheng Kung University, Tainan 701, Taiwan
a r t i c l e i n f o

Article history:
Received 22 September 2009
Accepted 17 August 2010

Keywords:
Fermented soybeans
Syngeneic animal model
Apoptosis
Autophagy
Hepatoma cells
BALB/c mice
0278-6915/$ - see front matter � 2010 Published by
doi:10.1016/j.fct.2010.08.017

Abbreviations: DMEM, Dulbecco’s modified Eagle
serum; HBV, hepatitis B virus; HCC, hepatocellular
(0.22 lm) aqueous phase of soybean fermentation p
subtilis and Bacillus brevis; SCB, the soybean fermenta
bacteria Bacillus subtilis and Bacillus brevis; SCID, se
ciency; Smac/DIABLO, anti-second mitochondria-deriv
IAP binding protein with low PI; TUNEL, terminal d
mediated dUTP nick-end-labeling.
⇑ Corresponding author. Tel.: +886 6 2744435; fax:

E-mail address: a275@mail.ncku.edu.tw (S.-J. Won
a b s t r a c t

Followed by the results of our previous in vitro report (Food Chem. Toxicol., 2007), the efficacy of the soy-
bean fermentation products containing live bacteria (SCB) was demonstrated using a syngeneic animal
model. Murine HBV-related hepatoma ML-1 cells, derived from inbred animals and tumorigenic in
BALB/c mice, were implanted subcutaneously to the flank of BALB/c mice on day 0. Three days after
implantation, SCB (1.0 or 1.3 ml/mouse/day) or vehicle (water) was orally administrated daily until
day 60. The results indicate that SCB significantly reduced (P < 0.05) the volumes and weights of tumors
during the experimental periods. Examination using TUNEL staining on section of tumors revealed apop-
totic phenomenon of nuclear DNA double-strand breaks in the groups of mice received SCB. Immunohis-
tochemistry further revealed an autophagic LC3-II punctate pattern. Of note, SCB induced autophagy in
the absence or presence of apoptosis, whereas, apoptosis was observed only in combination with autoph-
agy. In vitro study using autophagy inhibitor indicated that the induction of autophagy promoted apop-
tosis. These data imply that the suppression in tumor volumes and tumor weights by oral administration
of SCB was due to the induction of apoptotic and autophagic cell death, which suggests therapeutic
potential of SCB on HBV-related HCC.

� 2010 Published by Elsevier Ltd.
1. Introduction

Human hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer in the world, and the third among all cancers for mor-
tality (Fattovich et al., 2004). Chronic infection of hepatitis B virus
(HBV) increases the risk of HCC to a 100-fold compared with non-
infected individuals (Beasley et al., 1981). Systematic treatments
with standard chemotherapeutic agents provide only marginal
benefit, and the recurrence rate remains high (Zhu, 2006).

Apoptosis (type I) and autophagy (type II) are two different
types of programmed cell death (Shimizu et al., 2004). Apoptosis
is an organized and energy-dependent process, which allows the
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organism to maintain tissue homeostasis (Saraste, 1999). Insuffi-
cient of apoptosis contributes to the pathogenesis of cancer
(Thompson, 1995). Autophagy is also a normal physiological pro-
cess which promotes cell adaptation and survival, but under some
conditions it leads to cell death (Lockshin and Zakeri, 2004; Maiuri
et al., 2007). The process of autophagy involves degradation and
recycling of cell organelles and proteins in autolysosomes (a fusion
compartment of autophagosomes and lysosomes) (Kondo et al.,
2005). In response to therapy, cancer cells may undergo both apop-
tosis and autophagy (Kondo et al., 2005; Maiuri et al., 2007).

Dietary intake of soybean and soybean-based products has been
reported to reduce risks of several cancers (Chang et al., 2002). Pre-
dominant source of flavonoids and isoflavonoids may be responsi-
ble for the antitumor mechanisms (Birt et al., 2001). Recent report
indicates that administration of phytochemical compounds includ-
ing flavonoids conjunction with chemotherapy enhances therapeu-
tic efficacy (Alisi and Balsano, 2007). In addition, fermentation of
soybeans by microorganisms may elevate the availability of isofl-
avonoids by changing their structures (Hutchins et al., 1995). Our
previous published report has revealed that SC-1, the filtered
(0.22 lm) aqueous phase of soybean fermentation products by
bacteria Bacillus subtilis and Bacillus brevis, significantly inhibited
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the growth and clonogenicity of HBV-related HCC Hep 3B cells and
mouse hepatoma ML-1 cells (Su et al., 2007). Cytotoxicity of SC-1
on cultured Hep 3B cells was due to the induction of caspase-8
and mitochondria-related apoptosis (Su et al., 2007). In the present
study we further demonstrate that SCB, the soybean fermentation
products containing live bacteria B. subtilis and B. brevis, signifi-
cantly suppressed the growth of ML-1 cells in inbred BALB/c mice
due to the induction of both apoptosis and autophagy in vivo using
immunohistochemistry on representative sections of tumors.

2. Materials and methods

2.1. Preparation of soybean fermentation products

One kilogram of dried soybeans (Dongshi Shiang, Chiayi, Taiwan) were ground,
boiled, and soaked in water for 10 days. After removing the big chuck of soybeans,
the supernatant was fermented with B. subtilis (105 cells/ml) and B. brevis (105 cells/
ml) for 1 month at 37 �C (Su et al., 2007). The soybean fermentation products con-
taining live bacteria were used for animal study. For in vitro study, SC-1 was ob-
tained by centrifuged the fermentation product at 15,000g for 30 min, and
filtered through 0.22 lm filter (Corning, Corning, NY) to avoid the bacteria contam-
ination (Su et al., 2007).

2.2. Cell culture

Human HCC Hep 3B cells and murine ML-1 cells obtained respectively from
American Type Culture Collection (ATCC, Rockville, MD) and Dr. Huan-Yao Lei
(Department of Microbiology and Immunology, Medical College, National Cheng
Kung University, Tainan, Taiwan) were cultured in complete Dulbecco’s modified
Eagle medium (DMEM; GIBCO BRL, Grand Island, NY) containing 10% fetal bovine
serum (GIBCO BRL), 2 mM glutamine (Sigma, St. Louis, MO), 100 U/ml penicillin
(Sigma), and 100 lg/ml streptomycin (Sigma) at 37 �C in a 5% CO2 humidified
atmosphere.

2.3. Animal study

As previously described (Lee et al., 2005), BALB/c mice at 6–7 weeks of age with
body weight between 18 and 23 g were obtained from the Animal Center of the Na-
tional Cheng Kung University (NCKU, Tainan, Taiwan). They were bred and housed
at the Animal Center in a temperature-controlled and air-conditioned environment
with a 10/14 h light/dark cycle. Food and water were provided ad libitum. ML-1 cells
were implanted subcutaneously (s.c.; 2.5 � 105 cells/mouse) to the flank of BALB/c
mice at day 0. The mice were randomly divided into three groups at day 4. Treat-
ment groups of mice received oral administration of SCB (1.0 or 1.3 ml/mouse/
day) for 56 consecutive days, and another group received vehicle (water) on the
same schedule. Mice were monitored every other day for gross anatomical changes.
Tumor growth was measured with a caliper every other day. Tumor volume was
calculated by using the formula L �W2/2, where L (length) and W (width) are in
millimeters and L is greater than W (Chang et al., 1994). All animal experiments
were approved by the Animal Research Committee of NCKU and were performed
under the guidelines of the National Research Council, Taiwan (IACUC940047).

2.4. Immunohistochemistry

Tumors obtained from SCB- or vehicle-treated mice were frozen on liquid nitro-
gen and stored at �80 �C until use. Apoptosis was detected using terminal deoxynu-
cleotidyl transferase-mediated dUTP nick-end-labeling (TUNEL) method (ApoAlert
DNA Fragmentation assay Kit, Clontech, Palo Alto, CA). Autophagy was examined
using anti-cleaved LC3 antibody (ABGENT, San Diego, CA; 1:300). Tumor sections
were subjected to apoptosis and/or autophagy analysis. Briefly, tumor sections
(5 lm) cut by Cryotome0620 (Thermo Shandon, Waltham, MA) were incubated
with 3.7% formaldehyde (Sigma) for 1 min at room temperature and then with cold
ethanol (Merck, Darmstadt, Germany)/acetic acid (Wako, Osaka, Japan; 2:1, v/v) for
5 min at �20 �C. Subsequently, the sections were quenched with 3% hydrogen per-
oxide (Wako) for 5 min, and subjected to TUNEL assay according to the manufac-
turer’s protocol and the incorporated fluorescein-dUTP at the free 30-hydroxyl
ends of fragmented DNA was detected. After washing, the sections were incubated
with blocking buffer (SuperBlock Blocking Buffer, Thermo Scientific, Rockford, IL)
for 30 min at room temperature. Immunostainning was carried out by incubating
tumor sections with rabbit polyclonal anti-cleaved LC3 antibody (ABGENT, San Die-
go, CA; 1:300) for overnight at 4 �C and then with goat anti-rabbit Alexa Fluor568-
conjugated secondary antibody (Molecular Probes, Inc., Eugene, OR; 1:450) in
blocking solution for 2 h at room temperature. After washing, fluorescein-dUTP
and/or anti-cleaved LC3 antibody stained sections were incubated with Hoechst
33258 (Sigma–Aldrich, St. Louis, MO; 0.05 lg/ml in PBS) for 10 min at room tem-
perature. The signals were detected with a fluorescence microscope (OLYMPUS
BX51).
2.5. Flow cytometric analysis of apoptotic cells

As previously described (Lee et al., 2005), cells (2 � 105) grown in 6-well plates
were pretreated with or without 10 mM of autophagy inhibitor 3-methyladenine
(3-MA; Sigma, St. Louis, MO) for 2 h prior to the addition of SC-1 (265 lg/ml).
The cells were harvested, centrifuged at 800g for 10 min at 4 �C, and resuspended
in HBS containing 40 lg/ml of propidium iodide and 100 mg/ml RNase A for
30 min at 37 �C in the dark. Measurement of apoptotic cells was performed using
a FACScan flow cytometer (Becton Dickison, Mountain View, CA, USA).
2.6. Statistical analysis

The results were expressed as means ± standard errors of the means (SEM). Dif-
ferences in tumor volumes were analyzed by the Student’s t test (Minitab software,
version 10.2). A difference was considered if P < 0.05. Weights of body, tumor, and
liver were analyzed by One-way ANOVA. Differences among groups were analyzed
by Duncan’s multiple range test (SPSS software, version 14.0). A difference was con-
sidered if P < 0.05.
3. Results

Our previous published report has demonstrated that SC-1 sup-
pressed the growth and clonogenicity of hepatoma ML-1 cells
in vitro (Su et al., 2007). The present study was carried out to deter-
mine the efficacy of SCB on the growth of ML-1 cells in vivo. Both
SC-1 and SCB are fermented soybean products by bacteria B. subtilis
and B. brevis. The main difference between these two is that SCB
contains live bacteria but SC-1 does not. For the in vivo study, mur-
ine ML-1 cells were implanted s.c. to the flank of inbred BALB/c
mice followed by oral administration of SCB (1.0 or 1.3 ml/
mouse/day) or vehicle (water) for 56 consecutive days. The growth
of ML-1 cells was monitored every other day until day 60. As
shown in Fig. 1A, at day 30, the growth of ML-1 cells was apparent
in the control mice received vehicle. In contrast, the growth of ML-
1 cells in the mice received SCB (1.3 ml/mouse/day) was not visi-
ble. At day 60, the size of the tumor in the control mice became
much larger compared with that at day 30, whereas that in the
group of mice received SCB (1.3 ml/mouse/day) was not dramati-
cally changed. During the experiment, growth of tumor was mea-
sured with a caliper every other day. Differences in tumor
volumes were analyzed. As shown in Fig. 1B, administration of
SCB (1.0 or 1.3 ml/mouse/day) significantly inhibited (P < 0.05)
the size of tumors throughout the experimental period. Of note,
all mice survived until the end of the experiment. No apparent ill-
ness was found in the mice received SCB. Body weights and liver
weights were not significantly altered (P > 0.05) by SCB (Table 1).

Our published report also demonstrates that SC-1 inhibited the
growth of cultured HCC Hep 3B cells via activation of apoptotic sig-
naling cascades (Su et al., 2007). To confirm the induction of apop-
tosis in vivo, sections of tumors were subjected to TUNEL assay
before fluorescence microscopy to examine the phenomenon of
apoptosis, nuclear DNA double-strand breaks. As shown in
Fig. 2A, viewed using fluorescence microscope at 100�, treatment
of SCB increased positive TUNEL staining compared with the vehi-
cle control. Fig. 2B, viewed at 400�, further reveals that the sec-
tions of tumors obtained from the mice received vehicle did not
show apparent green apoptotic fluorescence at the nuclei, indicat-
ing that apoptotic events did not occur in the control. In contrast,
the sections of tumors obtained from the mice received SCB
(1.3 ml/mouse/day) exhibited intensive green fluorescence at the
nuclei, representing nuclear DNA double-strand breaks, a hallmark
of apoptosis (Nagata, 2000). To investigate other possible reasons
for the reduction in tumor volumes (Fig. 1A and B) and tumor
weights (Table 1), phenomena of autophagy were determined in
the tumors. As shown in Fig. 3A, morphometric analysis of cleaved
LC3 distribution viewed at 100� exhibits that SCB elevated cleaved
LC3 staining compared with the control. Using fluorescence micro-
scope viewed at 400� further discovered that no cytoplasmic



Control

Day 30

SCB (1.3ml/mouse)

Day 60

A

B

Fig. 1. Growth of ML-1 cells in BALB/c mice. (A) Representative photograph of the mice bearing ML-1 cells after oral administration of vehicle (water, control group) or SCB
(1.3 ml/mouse/day). (B) Tumor volumes in the mice bearing ML-1 cells. Data are presented as means ± SEM (n = 4 each group). * Significant different from the corresponding
values of the vehicle control group.
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cleaved LC3 was found around the nuclei in the control (Fig. 3B). In
contrast, in the SCB-treated group, the expression of cleaved LC3
was increased and displayed a punctate staining, representing
the location of autophagic marker LC3-II on autophogosomes (Kon-
do and Kondo, 2006). These results suggest that SCB induced both
apoptosis and autophagy in ML-1 cells in vivo. Furthermore, the
merge images of Hoechst 33258, TUNEL, and cleaved LC3 staining
indicates that SCB induced autophagy alone without induction of
apoptosis, characterized by blue nuclei surrounded with red LC3
Table 1
Effect of SCB on the weights of body, tumor, and liver.

Weight (g)

Treatment Body Tumor Liver

Control 23.3 ± 0.7a 7.3 ± 1.3a 1.69 ± 0.16a

SCB (1.0 ml/mouse) 22.9 ± 0.7a 3.6 ± 0.7b 1.77 ± 0.04a

SCB (1.3 ml/mouse) 24.6 ± 0.6a 2.1 ± 0.2b 1.59 ± 0.05a

P value 0.146 0.005 0.474

ML-1 cells (2 � 105 cells/mouse) were implanted s.c. to the flank of mice. Three days
after implantation, SCB (1.0 or 1.3 ml/mouse/day) or vehicle (water, control group)
was orally administrated daily for consecutive 56 days. Weights of body, tumor, and
liver of each mouse were determined at end of the experiment. Data are presented
as means ± SEM (n = 4 each group). Means within a column with different letters
are significantly different, P < 0.05.
puncta (Fig. 4A and B). Interesting enough, SCB did not induce
apoptosis alone without induction of autophagy since almost every
nucleus with green staining was surrounded with red cleaved LC3
puncta.

To confirm the importance of autophagy in the proceeding of
apoptosis, autophagy inhibitor 3-MA was added to the cell culture
and the relative portion of apoptotic cells was analyzed by flow
cytometry. The results indicate that 3-MA suppressed SC-1-in-
duced apoptosis in both murine hepatoma ML-1 and human HCC
Hep 3B cells in a time-related manner. As shown in Fig. 5A, admin-
istration of 3-MA inhibited SC-1-induced apoptosis of ML-1 cells
approximately 45% at 48 h and 52% at 72 h. In Fig. 5B, it inhibited
SC-1-induced apoptosis of Hep 3B cells approximately 42% at 48 h
and 60% at 72 h. Therefore, it would not be surprised that the
induction of apoptosis was observed only in combination with
autophagy in tumors obtained from the mice received SCB for a rel-
atively long period of time (Fig. 4A and B).
4. Discussion

Results of the present study demonstrate that oral administra-
tion of SCB was capable of reducing the growth of murine hepa-
toma ML-1 cells in inbred BALA/c mice. SCB was well tolerated
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Fig. 2. SCB induced apoptosis of ML-1 cells implanted to BALB/c mice. (A) Representative section of tumors viewed at 100�. (B) Representative section of tumors viewed at
400�. Sections of tumors were stained with Hoechst 33258 (blue) and fluorescein-dUTP (TUNEL assay; green) to visualize cell nuclei and apoptotic nuclei, respectively.
Results are representative of three independent experiments. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)
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and did not alter mean body weights or mean liver weights. De-
crease in the growth of ML-1 cells may be due to the induction
of apoptosis and autophagy characterized by the breaks of nuclear
DNA and formation of LC3 puncta, respectively. In vitro study fur-
ther demonstrated that autophagy promoted SC-1-induced apop-
tosis since the inhibition of autophagy decreased the proportion
of apoptotic murine hepatoma ML-1 and human HCC Hep 3B cells
in response to SC-1.

Severe combined immunodeficiency (SCID) mouse is character-
ized by the complete inability of the adaptive immunity due to the
disruption in the differentiation of both B and T cells (Perryman,
2004). Nude mouse is a strain of athymic mouse characterized by
greatly reduced number of T cells. Both mice do not reject tumor
cells and therefore have been used for cancer research (Sharkey
and Fogh, 1984). However, these mice are immunodeficient and re-
quire a pathogen-free environment. Since SCB contains live bacte-
ria, SCID or nude mice may not survive if given SCB. BALB/c mice
have normal immune function and were therefore chosen for
SCB-related animal studies. ML-1 cell line was prepared by trans-
fected primary BALB/c murine hepatocytes with plasmid DNA
and HBV DNA (Chen et al., 1992). They were immortalized, derived
from inbred animals, and tumorigenic in BALB/c mice (Chen et al.,
1992). Unlike SCID or nude mice, the growth of ML-1 cells in inbred
BALB/c mice, a syngeneic animal model, represents a balanced re-
sult between tumorigenic activities and host immune responses.
Besides, ML-1 cells expressed HBV genes, secreted HBV antigens
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Fig. 3. SCB induced autophagy of ML-1 cells implanted to BALB/c mice. (A) Representative section of tumors viewed at 100�. (B) Representative section of tumors viewed at
400�. Sections of tumors were stained with Hoechst 33258 (blue) and anti-cleaved LC3 antibody (red) to visualize cell nuclei and autophagic punctate pattern of LC3-II,
respectively. Results are representative of three independent experiments. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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and HBV-like particles into the culture medium (Chen et al., 1993),
which may be a model to further study host responses both in vivo
and in vitro against HVB gene-expressing hepatocytes in the pres-
ence and absence of SCB.

It has also been suggested that fermentation would increase
bioavailability of isoflavonoides (Hutchins et al., 1995). Bacillus
species are dominant bacteria in industrial fermentation, and some
of them are on the Food and Drug Administration’s GRAS (generally
regarded as safe) list (Green et al., 1976). In this study, neither
apparent illness nor changes in mean body weights or mean liver
weights was observed in mice received SCB, indicating SCB was rel-
atively safe. Our unpublished results also indicate that no acute
oral toxicity in ICR mice or in Sprague–Dawley rats was found
when these animals were fed SCB up to 40 ml/kg/day for consecu-
tive 14 days. Negative results were also revealed in micronucleus
assay, in which the percentage of reticulocytes to total erythro-
cytes was not significantly changed when BALB/c mice were given
with or without SCB up to 40 ml/kg/day for consecutive 5 days
(unpublished data). The ingredients of SCB include phenolic com-
pounds, folic acid, pantothenic acid, vitamin B6, and fermented
products of B. subtilis and B. brevis (Su et al., 2007).

Our previously results have demonstrated that SC-1 induced
apoptosis of HCC Hep 3B cells characterized by accumulation of
the cells at sub-G1 phase, fragmentation of DNA, and change of nu-
clear morphology (Su et al., 2007). The induction of apoptosis was
via activation of caspase-8 which cleaved Bid into tBid to disrupt
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mitochondrial membrane potential, leading to the release of cyto-
chrome c and anti-second mitochondria-derived activator of cas-
pase/direct IAP binding protein with low PI (Smac/DIABLO) to
further activate caspase-9 and -3. Interesting enough, SC-1 also
suppressed the expression of cyclooxygenase-2 (Su et al., 2007),
indicating that SC-1 may also associate with inflammation (Dubois
et al., 1998), carcinogenesis (Tsujii and DuBois, 1995), and metas-
tasis (Jiang et al., 2001).

Autophagy, controlled by a group of evolutionarily conserved
genes, has been found in all eukaryotic cells (Kondo et al., 2005).
Anticancer therapies such as chemicals, irradiation, and hyperther-
mia induce autophagy and result in death (autophagic cell death)
of breast, colon, prostate, and brain cancers (Kondo et al., 2005).
However, autophagy might remove the proteins or organelles that
are damaged by cancer therapy, and become protective to the
treatment (protective autophagy). Although tumor cells can under-
go both apoptosis and autophagy, the effect of autophagy in cancer
cell death or survival is still unclear and sometimes contradictory
(Apel et al., 2009; Eisenberg-Lerner et al., 2009; Loos and Engelbr-
echt, 2009). Apoptosis and autophagy are not always separate and



Fig. 5. Effect of autophagy inhibitor on SC-1-induced apoptosis. (A) Inhibitory effect of 3-MA on ML-1 cells. (B) Inhibitory effect of 3-MA on Hep 3B cells. After treatment, the
cells were stained with propidium iodine for flow cytometry. The percentage in the figure indicates the proportion of apoptotic cells arrested at sub-G1 phase. The control
cells (C) were cultured with DMEM. Results are representative of three independent experiments.
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may be triggered by similar stimuli (Maiuri et al., 2007). There can
be crosstalk between these two pathways. The molecular mecha-
nisms involved in the contribution of autophagy in SC-1-induced
apoptosis await further investigation. Unlike severe combined
immunodeficiency (SCID) or nude mice, induction of apoptosis
and autophagy leading to the reduction in the growth of ML-1 cells
in BALB/c mice represents a balanced result between tumorigenic
activities and host immune responses.

Taken together, oral administration of SCB suppresses the
growth of ML-1 cells via induction of apoptosis and autophagy
without significant changing the mean body and liver weights
using a syngeneic animal model, indicating the safety and efficacy
of SCB in vivo and suggesting chemotherapeutic potential of SCB on
HBV-related HCC.
Conflict of interest

The authors declare that there are no conflicts of interest.
Acknowledgements

The research was supported by a grant from National Cheng
Kung University Research and Development Foundation (No.:
91S03).
References

Alisi, A., Balsano, C., 2007. Enhancing the efficacy of hepatocellular carcinoma
chemotherapeutics with natural anticancer agents. Nutr. Rev. 65, 550–553.

Apel, A., Zentgraf, H., Buchler, M.W., Herr, I., 2009. Autophagy – a double-edged
sword in oncology. Int. J. Cancer 125, 991–995.

Beasley, R.P., Hwang, L.Y., Lin, C.C., Chien, C.S., 1981. Hepatocellular carcinoma and
hepatitis B virus. A prospective study of 22,707 men in Taiwan. Lancet 2, 1129–
1133.

Birt, D.F., Hendrich, S., Wang, W., 2001. Dietary agents in cancer prevention:
flavonoids and isoflavonoids. Pharmacol. Ther. 90, 157–177.

Chang, M.J., Yu, W.D., Reyno, L.M., Modzelewski, R.A., Egorin, M.J., Erkmen, K., Vlock,
D.R., Furmanski, P., Johnson, C.S., 1994. Potentiation by interleukin 1 alpha of
cisplatin and carboplatin antitumor activity: schedule-dependent and
pharmacokinetic effects in the RIF-1 tumor model. Cancer Res. 54, 5380–5386.



24 C.-L. Su et al. / Food and Chemical Toxicology 49 (2011) 17–24
Chang, W.H., Liu, J.J., Chen, C.H., Huang, T.S., Lu, F.J., 2002. Growth inhibition and
induction of apoptosis in MCF-7 breast cancer cells by fermented soy milk. Nutr.
Cancer 43, 214–226.

Chen, S.H., Hu, C.P., Chang, C.M., 1992. Hepatitis B virus replication in well
differentiated mouse hepatocyte cell lines immortalized by plasmid DNA.
Cancer Res. 52, 1329–1335.

Chen, S.H., Hu, C.P., Chang, C.M., 1993. Immune reactions against hepatitis B viral
antigens lead to the rejection of hepatocellular carcinoma in BALB/c mice.
Cancer Res. 53, 4648–4651.

Dubois, R.N., Abramson, S.B., Crofford, L., Gupta, R.A., Simon, L.S., Van De Putte, L.B.,
Lipsky, P.E., 1998. Cyclooxygenase in biology and disease. FASEB J. 12, 1063–
1073.

Eisenberg-Lerner, A., Bialik, S., Simon, H.U., Kimchi, A., 2009. Life and death
partners: apoptosis, autophagy and the cross-talk between them. Cell Death
Diff. 16, 966–975.

Fattovich, G., Stroffolini, T., Zagni, I., Donato, F., 2004. Hepatocellular carcinoma in
cirrhosis: incidence and risk factors. Gastroenterology 127, S35–50.

Green, S., Zeiger, E., Palmer, K.A., Springer, J.A., Legator, M.S., 1976. Protocols for the
dominant lethal test, host-mediated assay, and in vivo cytogenetic test used in
the food and drug administration’s review of substances in the GRAS (generally
recognized as safe) list. J. Toxicol. Environ. Health 1, 921–928.

Hutchins, A.M., Slavin, J.L., Lampe, J.W., 1995. Urinary isoflavonoid phytoestrogen
and lignan excretion after consumption of fermented and unfermented soy
products. J. Am. Diet Assoc. 95, 545–551.

Jiang, M.C., Liao, C.F., Lee, P.H., 2001. Aspirin inhibits matrix metalloproteinase-2
activity, increases E-cadherin production, and inhibits in vitro invasion of tumor
cells. Biochem. Biophys. Res. Commun. 282, 671–677.

Kondo, Y., Kondo, S., 2006. Autophagy and cancer therapy. Autophagy 2,
85–90.

Kondo, Y., Kanzawa, T., Sawaya, R., Kondo, S., 2005. The role of autophagy in cancer
development and response to therapy. Nat. Rev. Cancer 5, 726–734.
Lee, J.C., Lee, C.H., Su, C.L., Huang, C.W., Liu, H.S., Lin, C.N., Won, S.J., 2005. Justicidin
A decreases the level of cytosolic Ku70 leading to apoptosis in human colorectal
cancer cells. Carcinogenesis 26, 1716–1730.

Lockshin, R.A., Zakeri, Z., 2004. Apoptosis, autophagy, and more. Int. J. Biochem. Cell
Biol. 36, 2405–2419.

Loos, B., Engelbrecht, A.M., 2009. Cell death: a dynamic response concept.
Autophagy 5, 590–603.

Maiuri, M.C., Zalckvar, E., Kimchi, A., Kroemer, G., 2007. Self-eating and self-killing:
crosstalk between autophagy and apoptosis. Nat. Rev. Mol. Cell Biol. 8, 741–752.

Nagata, S., 2000. Apoptotic DNA fragmentation. Exp. Cell Res. 256, 12–18.
Perryman, L.E., 2004. Molecular pathology of severe combined immunodeficiency in

mice, horses, and dogs. Vet. Pathol. 41, 95–100.
Saraste, A., 1999. Morphologic criteria and detection of apoptosis. Herz 24, 189–

195.
Sharkey, F.E., Fogh, J., 1984. Considerations in the use of nude mice for cancer

research. Cancer Metastasis Rev. 3, 341–360.
Shimizu, S., Kanaseki, T., Mizushima, N., Mizuta, T., Arakawa-Kobayashi, S.,

Thompson, C.B., Tsujimoto, Y., 2004. Role of Bcl-2 family proteins in a non-
apoptotic programmed cell death dependent on autophagy genes. Nat. Cell Biol.
6, 1221–1228.

Su, C.L., Wu, C.J., Chen, F.N., Wang, B.J., Sheu, S.R., Won, S.J., 2007. Supernatant of
bacterial fermented soybean induces apoptosis of human hepatocellular
carcinoma Hep 3B cells via activation of caspase 8 and mitochondria. Food
Chem. Toxicol. 45, 303–314.

Thompson, C.B., 1995. Apoptosis in the pathogenesis and treatment of disease.
Science 267, 1456–1462.

Tsujii, M., DuBois, R.N., 1995. Alterations in cellular adhesion and apoptosis in
epithelial cells overexpressing prostaglandin endoperoxide synthase 2. Cell 83,
493–501.

Zhu, A.X., 2006. Systemic therapy of advanced hepatocellular carcinoma: how
hopeful should we be? Oncologist 11, 790–800.


	Involvement of apoptosis and autophagy in reducing mouse hepatoma ML-1  cell growth in inbred BALB/c mice by bacterial fermented soybean products
	Introduction
	Materials and methods
	Preparation of soybean fermentation products
	Cell culture
	Animal study
	Immunohistochemistry
	Flow cytometric analysis of apoptotic cells
	Statistical analysis

	Results
	Discussion
	Conflict of interest
	Acknowledgements
	References


