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Abstract Mixture of brown rice and rice bran fermented with Aspergillus oryzae, designated
as FBRA, has been reported to reveal anti-carcinogenic and anti-inflammatory effects in
rodents. Then, to test its potential anti-cancer activity, the aqueous extract was prepared from
FBRA powder, and the effect of this extract on human acute lymphoblastic leukemia Jurkat
cells was directly examined. The exposure to FBRA extract reduced the cell viability in a
concentration- and time-dependent manner. The reduction of the cell viability was accompa-
nied by the DNA fragmentation, and partially restored by treatment with pan-caspase inhibitor.
Further studies showed that FBRA extract induced the cleavage of caspase-8, -9, and -3, and
decreased Bcl-2 protein expression. Moreover, the expression of tBid, DR5, and Fas proteins
was enhanced by FBRA extract, and the pretreatment with caspase-8 inhibitor, but not
caspase-9 inhibitor, restored the reduction of the cell viability induced by FBRA extract.
These findings suggested that FBRA extract could induce the apoptotic death of human acute
lymphoblastic leukemia cells probably through mainly the death receptor-mediated pathway
and supplementarily through the tBid-mediated mitochondrial pathway, proposing the possi-
bility that FBRA was a potential functional food beneficial to patients with hematological
cancer.
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Introduction

Rice is one of the most popular grains, and widely utilized as a staple food in Asia region.
Brown rice, whole-grain before polish rice, is known to contain a large amount of nutrients,
such as vitamins, minerals, and dietary fiber. Dietary fiber is a non-digestible food ingredient
for modulating the growth and activity of intestinal microbiota, and contributes to the well-
being of humans and animals. Therefore, brown rice is acknowledged as a prebiotic and has
been reported to improve the physical conditions of the experimental animals [1–3]. Addi-
tionally, brown rice has previously been shown to contain several biological active compo-
nents beneficial to human health. For instance, ferulic acid has been shown to cause an anti-
inflammatory effect by scavenging reactive oxygen species and inhibiting nuclear transloca-
tion of NF-κB [4]. Furthermore, γ-orizanol has been reported to have the activities of both
lowering plasma non-HDL-C levels and raising plasma HDL-C levels in hypercholesterolemic
animals [5]. Moreover, phytic acid has also been reported to have an antioxidative activity [6].
Therefore, brown rice could be speculated as a promising material that provides health
benefits. These bioactive components are found to be rich in rice bran, which consists of a
husk and a germ part of brown rice. Therefore, rice bran is also considered of great value to be
consumed for human wellness. However, almost all of it is discarded as an agro-industrial
waste, the rest of which is used for producing rice-oil or soil improvement materials.

BFermented brown rice and rice bran with Aspergillus oryzae^, which was abbreviated to
FBRA, is a processed food manufactured by fermenting the mixture of brown rice and rice
bran to improve their digestibility with A. oryzae. A. oryzae is known to contain several kinds
of enzymes metabolizing carbohydrates and proteins, thereby producing a variety of functional
substances during the fermentation of various grain. For example, kojic acid has been reported
to have a tyrosinase inhibitory activity [7]. The amounts of antioxidants contained in soybean
have been shown to increase during fermentation [8, 9]. On the other hand, rice bran enzymatic
extract has been shown to improve the pathologic conditions of metabolic syndrome by
attenuating dyslipidemia, hypertension, and insulin resistance [10]. Therefore, FBRA was
expected to be a promising functional food beneficial to human health. Practically, FBRA
has previously been shown to prevent the induction of acute colitis by dextran sulfate sodium
through the modification of colonic microbiota [11, 12], and also reported to suppress the
development of acute hepatitis in Long-Evans Cinnamon rats [13]. Furthermore, FBRA has
been shown to prevent chemical and inflammation-related carcinogenesis in various organs of
rodents [14–21]. However, potentially active components of FBRA have been still unidenti-
fied, and possible mechanisms underlying their biological effects have not yet been fully
understood.

The cells damaged by mechanical impact and toxic chemicals are generally known to
undergo a characteristic series of changes, and this process, named Bapoptosis or programmed
cell death^, is one of the ways to lead the damaged cells to death. In a multicellular organism,
the cells were uniquely and highly organized, and the number of cells is tightly regulated not
simply by controlling the rate of cell division but also by controlling the rate of cell death.
Therefore, apoptotic cell death is considered to contribute to the maintenance of a healthy
biofunction in developing and adult mammalian tissues. In a practical aspect, because the
aberrant growth of tumor cells may be the result of avoiding the apoptotic cell death, a large
number of apoptosis-inducible substances are speculated to bring about the prevention or
suppression of tumor growth, thereby anticipating their availabilities for clinical use as anti-
cancer agents. As an illustration of such substances, γ-tocotrienol, a kind of vitamin E, has
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been shown to inhibit the growth of gastric adenocarcinoma cells through the interruption of
the cell cycle, resulting in the apoptotic cell death [22]. Cycloartenyl ferulate has also been
reported to induce apoptosis of colon cancer cells through TRAIL-activated pathway [23].
Because these substances are known as the representative components of rice bran, it seems
obviously reasonable to predict that FBRA may also have a potential intrinsic ability to induce
the apoptotic death of cancer cells. Then, the aqueous extract was prepared from FBRA, and
the cytotoxic effect of this extract was examined using cultured human acute lymphoblastic
leukemia Jurkat cells.

Materials and Methods

Materials

Human acute lymphoblastic leukemia cells (Jurkat cells, RCB3052) were purchased from The
RIKEN BRC Cell Bank (Tsukuba, Japan). FBRA powder was produced by fermenting the
mixture of brown rice and rice bran with A. oryzae, and provided by Genmaikoso Co., Ltd.
(Sapporo, Japan). Inhibitors of pan-caspase, caspase-8, and caspase-9 were obtained from
R&D Systems, Inc. (Minneapolis, MN, USA). Antibodies against Bax, Bid, caspase-9, DR5,
and Fas were obtained from Cell Signaling Technology (Beverly, MA, USA). Antibodies
against Bcl-2, caspase-3, caspase-8, and α-tubulin were from Bio Legend Inc. (San Diego,
CA, USA). RPMI 1640 medium was from Sigma Chemical Co. (St Louis, MO, USA). Fetal
bovine serum (FBS) was from Equitech Bio, Inc. (Kerrville, TX, USA). Other chemicals used
were commercially available reagent grade or ultrapure grade.

Preparation of FBRA Extract

FBRA powder was suspended in distilled water at a ratio of 20 g to 100 ml, and sonicated at
40 kHz for 30 min on ice, and the mixture was then filtered through a Whatman no. 1 filter
paper. The filtrate was centrifuged at 20,000×g for 2 h to remove insoluble materials, and the
supernatant was sterilized by filtering through a 0.20-μm disk filter. The obtained extract was
aliquoted and stored at −80 °C until use.

Cell Culture

Cells were grown in RPMI 1640 medium containing 10 % FBS, 100 units/ml of penicillin and
100 μg/ml of streptomycin at 37 °C in a humidified incubator containing 95 % air-5 % CO2

atmosphere.

Cell Viability Determination

Cell viability was assessed using a Cell Counting Kit-8 (CCK-8) (Dojindo Laboratories,
Kumamoto, Japan). Briefly, the cells were plated on a 96-well microplate at a density of
2×104 cells/90 μl/well. FBRA extract was added to the cultures at the different concentrations
in total volume of 100 μl, and incubated at 37 °C for 24, 48, and 72 h in a humidified
incubator. CCK-8 solution (10 μl) was added to each well at the end of the exposure periods,
and then incubated for additional 3 h. The absorbance at 450 nm was measured using an
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automated microplate reader (TECAN Japan, Kawasaki, Japan). In case of the application of
caspase inhibitors, the inhibitors were added to the cell cultures at 4 h prior to the exposure to
FBRA extract at the concentration of 100 μM pan-caspase inhibitor, 100 μM caspase-8
inhibitors and 25 μM caspase-9 inhibitor. In preliminary experiment, the cytotoxic effects of
caspase inhibitors were examined, and the concentrations of the inhibitors used in this study
were chosen as causing little or no toxic influence on the cell viability.

DNA Fragmentation Analysis

The cells were plated on a 60-mm culture dish at a density of 1.5 ×106 cells/dish, and exposed
to the extract (100 μl/ml) for 24 h. The cells were collected by centrifuging at 600×g for 5 min
at 4 °C, and washed with ice-cold PBS. The DNA fragmentation was determined according to
the method of Zheng Dong, et al. [24] with slight modifications. Briefly, the cells were lysed in
400 μl of the hypotonic buffer [0.5 % Triton X-100, 10 mM Tris-HCl (pH 7.5), 10 mM
EDTA]. Cell lysate was then centrifuged at 14,000×g for 20 min. The resultant supernatant
was treated with proteinase K at 37 °C for 5 h followed by RNase A at 37 °C for 1 h. Proteins
were removed with phenol/chloroform/isoamyl alcohol (25:24:1). DNA fragments were
precipitated with 70 % ethanol at −20 °C overnight. The precipitated DNA was rinsed with
70 % ethanol, and then resuspended TE buffer [10 mM Tris-HCl, pH 7.5, 1 mM EDTA]. The
DNA was separated on 2.0 % agarose gel in Tris-borate-EDTA buffer [90 mM Tris-borate,
2 mM EDTA]. Electrophoresis was carried out in the room temperature at 50 V for 2 h.

Western Blot Analysis

The cells were plated on a 60-mm culture dish at a density of 6 × 105 cells/dish, and
exposed to the extract (0, 25, 50, and 100 μl/ml) for 24 h. The cells were collected by
centrifugation at 2000×g for 5 min, washed with ice-cold PBS, resuspended in 50 μl lysis
buffer [20 mM Tris-HCl (pH 8.0), 137 mM NaCl, 10 % glycerol, 1 % Nonidet P-40, 5 mM
EDTA, 1 mM PMSF, 10 μg/ml aprotinin, 1 μg/ml leupeptin], and kept them for 30 min on
ice. The lysate was centrifuged at 18,700×g at 4 °C for 15 min to remove the cell debris.
The amount of proteins in supernatant was determined with BCA protein assay kit (Thermo
Fisher Scientific Inc., USA). The samples (10∼ 30 μg of proteins) were boiled for 5 min in
a sample buffer [62.5 mM Tris-HCl (pH 6.8), 2 % SDS (w/v), 50 mM DTT, 10 % glycerol
(v/v), 0.01 % Bromophenol blue (w/v)], and then loaded on a 15 or 10 % SDS-
polyacrylamide gel. The proteins were separated on the gel at 30 mA for 1.5 h, and
electro-blotted onto a PVDF transfer membrane in a blotting buffer [5 % methanol,
100 mM Tris, 192 mM glycine] at 175 mA for 1.5 h. The membranes were soaked in
Block Ace (DS Pharma Biomedical Co., Ltd. Suita, Japan) for 1 h at room temperature, and
washed with 0.1 % TBST, and then incubated with competent primary antibodies. Anti-
caspase-3, caspase-8, Bcl-2, and α-tubulin were diluted by 1:500. Anti-caspase-9, Bax,
Bid, Fas, and DR5 were diluted by 1:1000. The membranes incubated overnight at 4 °C,
and washed with 0.1 % TBST and further incubated with a peroxidase-conjugated second-
ary antibodies diluted by 1:2000 with Can Get Signal® (TOYOBO Co., Ltd. Osaka, Japan)
for 1 h at room temperature. The membranes were washed, and the immunoreactive
complexes were detected using the ECL™ prime Western Blotting Detection Reagent
(GE Healthcare, Hino, Japan) following the manufacturer’s instructions. Together with
the target proteins, α-tubulin was also determined as an internal standard.
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Data Analysis

Results were presented as the mean± standard deviation (SD). The data were analyzed by a
one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. The differences
between two groups at P<0.05 were regarded statistically significant.

Results

Effect of FBRA Extract on the Cell Viability

Jurkat cells were incubated with FBRA extract at the concentrations from 12.5 to 100 μl/ml for
24, 48, and 72 h, and the cell viabilities were then determined by a WST-8 assay. As shown in
Fig. 1, the cell viability was reduced to approximately 62, 32, and 10 % of the control by the

Fig. 1 Direct effect of FBRA
extract on viability of Jurkat cells.
a Cells were exposed to various
concentrations of FBRA extract
for 24 h. b Cells were exposed to
12.5 μl/ml of FBRA extract for
different periods. The cell viability
was then determined as described
in the text. Results were expressed
as a percent of the control. Values
are the mean ± SD (*p < 0.01 vs
without FBRA extract, n = 3)
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exposure to FBRA extract at the concentration of 25, 50, and 100 μl/ml for 24 h (Fig. 1a).
Also, the cell viability was reduced to approximately 63 and 45 % of the control by the
exposure to a low concentration of FBRA extract (12.5 μl/ml) for 48 and 72 h (Fig. 1b). Thus,
FBRA extract was clearly shown to cause its toxic effect on Jurkat cells under the conditions
used in the present study.

DNA Fragmentation

To address the question of whether the cytotoxic effect of FBRA extract observed here might be
apoptotic or not, the genomic DNAwas prepared from Jurkat cells treated with 100 μl/ml of
FBRA extract for 24 h or 4μMof camptothecin for 13 h as a positive control, and then analyzed
using an agarose-gel electrophoresis. As shown in Fig. 2, the exposure to FBRA extract caused
the fragmentation of genomic DNA, similar to the positive control. Therefore, FBRA extract
was speculated to cause the damage to the genomic DNA in the nucleus without disrupting the
plasma membrane, resulting in the cell death through the activation of apoptotic process.

Recovery of the Cell Viability by Pan-caspase Inhibitor

To further verify that FBRA extract might cause the apoptotic damage, the cytotoxic effect of
FBRA extract was examined again in the cells pretreated with pan-caspase inhibitor. As shown in
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rFig. 2 Induction of genomic
DNA fragmentation by FBRA
extract in Jurkat cells. Cells were
exposed to 100 μl/ml of FBRA
extract for 24 h or 4 μΜ of
camptothecin for 13 h. The geno-
mic DNAwas prepared from the
cells and then separated by 2.0 %
agarose-gel electrophoresis. The
DNA fragments were visualized
by the exposure to blue light (Safe
Imager™ Transilluminator,
Invitrogen), and captured by CCD
camera using an image-capturing
system
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Fig. 3, the cell viability was significantly reduced by exposure to FBRA extract for 24 h, and this
reduction of the cell viability was significantly but not completely restored by pretreatment with a
pan-caspase inhibitor. Therefore, it seemed possible to speculate that caspases might play an
important role in the process connected with the cytotoxic effect of FBRA extract observed here.

FBRA Extract Altered the Expression of Caspases and Bcl-2 Family

Further studies on changes in apoptosis-associated proteins were carried. The cells were treated
with a various concentration of FBRA extract for 24 h, and the cleavage of caspases was
determined. Consequently, the amounts of cleaved caspase-3, caspase-8, and caspase-9 were
increased in the cells exposed to FBRA extract (Fig. 4a). Furthermore, truncated Bid (tBid),
which is active form of Bid, was increased and Bcl-2 was decreased by FBRA treatment,
though Bax was not affected (Fig. 4b). Thus, FBRA extract was further confirmed to cause the
cell death probably through the activation of apoptotic pathway.

Effect of Initial Caspase Inhibitors on the Cell Viability

To clarify which apoptotic pathway might be involved, the effects of specific inhibitors for
caspase-8 and -9 on the cytotoxic effect of FBRA extract were more precisely investigated.
The cells were preincubated with caspase-8 inhibitor (Z-IETD-FMK) or caspase-9 inhibitor
(Z-LEHD-FMK) for 4 h prior to the exposure to FBRA extract. Caspase-8 inhibitor restored
the reduction of the cell viability induced by FBRA extract, but caspase-9 inhibitor failed to
rescue the cells from the fatal damage induced by the extract (Fig. 5a, b). These results
suggested that caspase-8 might be involved in the cellular mechanism underlying FBRA
extract-induced cell death, proposing a possible role of non-mitochondrial apoptotic pathway
in the cytotoxic effect of FBRA extract on Jurkat cells.

Effect of FBRA Extract on the Death Receptor-related Protein Expression

To confirm a possible involvement of the death receptor-mediated pathway, the effect of
FBRA extract on the expression of death receptors was examined, and the extract increased
both DR5 and Fas protein levels in the cells (Fig. 6). Therefore, it seemed reasonable to

Fig. 3 Influence of pan-caspase
inhibitor pretreatment on cytotoxic
effect of FBRA extract on Jurkat
cells. Cells were preincubated with
100 μΜ of pan-caspase inhibitor
(Z-AVD-FMK) for 4 h, and then
exposed to various concentrations
of FBRA extract for 24 h. The cell
viability was determined as de-
scribed in the text. Results were
expressed as a percent of the con-
trol. Values are the mean ± SD
(*p < 0.01, vs without caspase in-
hibitor, n = 4)
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consider that the cytotoxic effect of FBRA extract might be induced as a consequence of the
activation of the death receptor-mediated pathway.

Discussion

In previous studies, FBRA has been reported to have the ability to suppress the growth of
chemically-inducible carcinoma [14–20] and inflammation-related carcinoma [21] in rodents,
but the mechanism underlying the suppressive effect of FBRAon tumor growth has not yet been
fully understood, and therefore it seemed necessary to investigate the direct effect of FBRA on
the growth of cancer cells in culture. Then, we first examined the effect of FBRA extract on the
growth of human lymphoblastic leukemia Jurkat cells, and showed that FBRA extract markedly
reduced the viability of Jurkat cells in a concentration- and time-dependent manner (Fig. 1a, b).
The reduction of the cell viability was speculated to suggest that FBRA extract might be able to
result in the suppression of cancer growth probably through the induction of tumor cell death,
and therefore we next focused on the ability of FBRA extract to induce apoptosis, which is
generally appreciated as one of the typical ways to prevent cancer growth [25].

Fig. 4 Effect of FBRA extract on
apoptosis-related protein expres-
sion in Jurkat cells. Cells were ex-
posed to various concentrations of
FBRA extract for 24 h, and the cell
lysates were prepared for the pro-
tein analysis, and then Western
blotting was carried out as de-
scribed in the text. a active
caspases, b Bcl-2 families, c α-
tubulin
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Apoptosis is known to be mediated by various intracellular signal transduction cascades,
and characterized by specific events, such as caspase activation, cell shrinkage, chromatin
condensation, apoptotic bodies formation and so on [26]. In contrast, another mechanism of

Fig. 5 Effects of initial caspase
inhibitors on cytotoxic effect of
FBRA extract on Jurkat cells. Cells
were preincubated with a 100 μM
of caspase-8 inhibitor (Z-IETD-
FMK) or b 25 μM of caspase-9
inhibitor (Z-LEHD-FMK) for 4 h,
and exposed to various concentra-
tions of FBRA extract for 24 h.
The cell viability was then deter-
mined as described in the text.
Results were expressed as a per-
cent of the control. Values are the
mean ± SD (**p < 0.01, *p < 0.05
vs without caspase inhibitor, n = 4)

Fig. 6 Effect of FBRA extract on
death receptors expression in
Jurkat cells. Cells were exposed to
various concentrations of FBRA
extract for 24 h, and the cell lysates
were prepared for the protein
analysis, and then Western blotting
was carried out as described in the
text
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the cell death, called necrosis, is not accompanied by these specific events, and considered to
be primarily initiated by the disruption of the plasma membrane function. Then, to determine
whether the cytotoxity of FBRA extract was based on the induction of apoptosis or necrosis,
the cells were exposed to FBRA extract, and the induction of DNA fragmentation and the
activation of caspases in these cells were analyzed. The treatment of the cells with 100 μl/ml of
FBRA extract was shown to cause the genomic DNA fragmentation, similar to that caused by
a reference drug camptothecin (Fig. 2), and the pretreatment with a pan-caspase inhibitor (Z-
VAD-FMK) was shown to restore the reduction of the cell viability induced by the extract
(Fig. 3). These findings suggest that FBRA extract may be able to cause the toxic damage to
Jurkat cells, thus resulting in their apoptotic death under the in vitro experimental conditions
used in the present study. Moreover, it seemed worthy of attention that the cell viability
reduced by FBRA extract could be partially but not fully restored by a pan-caspase inhibitor
(Z-VAD-FMK) (Fig. 3). Therefore, it seems possible to speculate that FBRA extract may be
able to cause the cell death probably through two separate pathways, one of which may be
dependent on caspase activation and the other may not.

Next, we discuss the pathway toward activation of caspase-3. In addition to the mitochon-
drial apoptotic pathway, the non-mitochondrial death receptor-mediated pathway is appreciat-
ed as another process involved in the apoptotic cell death, and this process can be summarized
as follows: The death receptor ligands, such as TNF-α and Fas ligand, bind to their cognate
death receptors on the plasma membranes, leading to the activation of caspase-8, and it
activate caspase-3 subsequently, thus resulting in the apoptotic cell death [27, 28]. On the
other hand, the mitochondria apoptotic pathway is initiated by a variety of stress signals, which
can induce the release of cytochrome c from mitochondria through modulating the expression
of Bcl-2 family, resulting in the activation of caspase-9, and it also activate caspase-3, thus
promoting the downstream signaling pathway to the apoptotic cell death [29–32]. Based on
these findings, the effect of FBRA extract on individual caspases was examined, and the
extract was shown to cause the cleavage of caspase-8, -9, and -3, thus resulting in the
activation of these enzymes in the cells (Fig. 4a). Further studies also showed that FBRA
extract caused a decrease in the anti-apoptotic protein Bcl-2 without altering the pro-apoptotic
protein Bax (Fig. 4b). Since the increased Bax/Bcl-2 ratio is known to be connected with the
release of cytochrome c from mitochondria, thereby resulting in the activation of apoptotic
pathway [33, 34], it also seems possible to consider that FBRA extract may be able to
stimulate the mitochondrial pathway as well as the death receptor-mediated pathway in the
cells. Consistent with this interpretation, FBRA extract was practically shown to cause an
increase in tBid by activating caspase-8 [35] as shown in Fig 4b, thus promoting the efflux of
cytochrome c from mitochondria to cell cytoplasm [36, 37].

Furthermore, to confirm the apoptotic pathway involved in the cell death induced by FBRA
extract, the additional studies were carried out using specific caspase inhibitors. The pretreat-
ment with caspase-8 inhibitor was shown to rescue the cells from the cytotoxic effect of FBRA
extract, but caspase-9 inhibitor failed to rescue the cells under the same conditions (Fig. 5a, b).
These findings seem to propose the possibility that FBRA extract may trigger the apoptotic
death of Jurkat cells as a consequence of activating the death receptor-mediated pathway, and
that tBid-mediated mitochondrial pathway followed by caspase-9 activation may not be
responsible for FBRA induced apoptotic cell death, because caspase-9 inhibitor was ineffec-
tive for the recovery of cell viability. Moreover, the expression of death receptor is considered
to be involved in the input of apoptosis-inducing signal, and the upregulation of DR5 has
recently been shown to enhance TRAIL-induced apoptotic cell death [38]. Then, the effect of
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FBRA extract on the death receptor expression was examined in Jurkat cells, and the exposure
to FBRA extract was shown to cause the enhancement of DR5 and Fas protein expression in
the cells (Fig. 6). Therefore, it seems possible to speculate that FBRA extract may enhance the
expression of the death receptor, and make it more sensitive to the death receptor ligands, thus
resulting in the induction of apoptotic death of Jurkat cells under the experimental conditions
used in the present study.

Recently, we have reported that FBRA extract has caused the apoptotic death of human
colorectal tumor HCT116 cells by activating mitochondrial pathway [39]. However, FBRA
extract-induced apoptosis on Jurkat cells mainly via non-mitochondrial pathway in this study.
It is interesting that the mechanism by which FBRA or other agents induce apoptotic death
appears to depend on the cell type used. Desipramine, which is a tricyclic antidepressant,
induced apoptotic cell death through non-mitochondrial and mitochondrial pathways in
different types of human colon carcinoma cells [40]. TWEAK, which is a TNF family member
and is produced by IFN-γ-stimulated monocytes, could induce multiple pathways of cell
death, including both caspase-dependent apoptosis and also cathepsin B-dependent necrosis
[41]. It seems possible to speculate that these multiple mechanisms of FBRA for apoptosis
induction based on cell types would be a clue to recognize that FBRA has preventive effects on
various chemical carcinogenesis in rodents.

In conclusion, we showed that FBRA extract-induced apoptosis of Jurkat cells probably
through the death receptor-mediated pathway and supplementarily through the tBid-mediated
mitochondrial pathway. Therefore, FBRAwould be speculated as one of the functional foods
effective for the suppression of cancer growth. However, the active components of FBRA are
still unidentified, and therefore still remains to be further investigated.
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