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Anthocyanins from black rice (Oryza sativa) promote
immune responses in leukemia through enhancing
phagocytosis of macrophages in vivo
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Abstract. Rice is a staple food in numerous countries around
the world. Anthocyanins found in black rice have been
reported to reduce the risk of certain diseases, but the effects
of crude extract of anthocyanins from Asia University-selected
purple glutinous indica rice (AUPGA) on immune responses
have not yet been demonstrated. The current study aimed to
investigate whether AUPGA treatment could affect immune
responses in murine leukemia cells in vivo. Murine acute
myelomonocytic leukemia WEHI-3 cells were intraperitone-
ally injected into normal BALB/c mice to generate leukemia
mice. A total of 50 mice were randomly divided into five
groups (n=10 in each group) and were fed a diet supplemented
with AUPGA at 0, 20, 50 or 100 mg/kg for three weeks. All
mice were weighed and the blood, liver and spleen were
collected for further experiments. The results indicated that
AUPGA did not significantly affect animal body weight, but
significantly increased spleen weight (P<0.05) and decreased
liver weight (P<0.05) when compared with the control group.
AUPGA significantly increased the T cell (CD3) population
at treatments of 20 and 100 mg/kg (P<0.05). However, it
only significantly increased the B cell (CD19) population at a
treatment of 20 mg/kg (P<0.05). Furthermore, AUPGA at 50
and 100 mg/kg significantly increased the monocyte (CD11b)
population and the level of macrophages (Mac-3; P<0.05 for
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both). AUPGA at 50 and 100 mg/kg significantly promoted
macrophage phagocytosis in peripheral blood mononuclear
cells (P<0.05), and all doses of AUPGA treatment significantly
promoted macrophage phagocytotic activity in the peritoneum
(P<0.05). AUPGA treatment significantly decreased natural
killer cell activity from splenocytes (P<0.05). Finally, AUPGA
treatment at 20 mg/kg treatment significantly promoted T cell
proliferation (P<0.05), and treatment at 50 and 100 mg/kg
significantly decreased B cell proliferation compared with the
control group (P<0.05).

Introduction

Acute myelomonocytic leukemia, a clonal disorder of
hematopoiesis, is a genetically heterogeneous disease that
is characterized by the uncontrolled proliferation and accu-
mulation of immature and dysfunctional hematopoietic
progenitors (1,2). One quarter of adults diagnosed with acute
myeloid leukemia (AML) are known to have preceding
hematologic disorders (3). Currently, cytotoxic chemotherapy
is widely used for the treatment of AML patients (4). It has
been reported that post-remission therapy is essential for AML
patients with complete hematologically-defined remission. (5).
It has also been reported that increased consumption of fruits
and vegetables can decrease the risk of cancer (6), cardiovas-
cular disease and atherosclerosis in humans (7).

Previous studies have reported that dietary agents are
able to safely modulate physiological function and enhance
anti-cancer activity (8-10). Numerous studies have demon-
strated that a diet rich in whole grains may decrease the risk of
certain chronic diseases, such as obesity (11), cardiovascular
disease (12,13), diabetes (14) and certain cancer types (14,15).
It has been reported that regions where rice is a staple food
have a low prevalence of certain chronic diseases due to rice
containing antioxidant compounds, such as anthocyanins (16).
It was reported that Oryza sativa japonica variety Dongjin rice
(the parental plant of the resveratrol-enriched rice DJ-526),
is rich in fiber and polyphenols, and is reported to have an
anti-obesity effect (17). Numerous reports have indicated
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that the consumption of refined grains is associated with a
higher risk of cancer (18,19). However, previous results have
also suggested that dietary anthocyanins may reduce the risk
of chronic diseases, including cancers (20). Furthermore,
black rice anthocyanins have been reported to possess
anti-metastasis potential in human breast cancer cells in vivo
and in vitro (21). Anti-angiogenesis and anti-cancer invasion
activities of anthocyanins have also been identified in vitro and
in vivo (22,23). The current authors recently demonstrated that
anthocyanins from AUPGA suppressed human oral cancer
CAL 27 cell metastasis in vitro (24).

The effects of anthocyanins on immune responses have not
previously been demonstrated. Thus, in the current study, the
effects of Asia University-selected purple glutinous indica rice
(AUPGA) on the immune responses in leukemia mice were
investigated. BALB/c mice were injected with WEHI-3 cells
to generate leukemia mice, which were then treated orally
with AUPGA. The immune responses were evaluated in vivo.
AUPGA promoted immune responses in leukemia BALB/c
mice, including an increase in macrophage phagocytosis and
natural killer (NK) cell activities.

Materials and methods

Materials and reagents. Crude extract of anthocyanins from
the rice bran of AUPGA was provided by Dr Hui-Yi Lin
(China Medical University, Taichung, Taiwan). The composi-
tion of this extract was analyzed and cyanidin-3-O-glucoside
(an anthocyanin) was the only component found. AUPGA
was dissolved in dimethyl sulfoxide at 1% stock solution and
kept at -20°C in a 50-ml tube covered with aluminum paper
to avoid contact with light. RPMI-1640 cell culture medium,
fetal bovine serum (FBS), L-glutamine, penicillin and strep-
tomycin were obtained from Gibco (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). All antibodies were obtained from
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).

Cell culture. Murine acute myelomonocytic leukemia WEHI-3
cell line was obtained from the Food Industry Research and
Development Institute (Hsinchu, Taiwan). Cells were cultured
in 75-cm? flasks in RPMI-1640 medium supplemented with
10% FBS, 100 units/ml penicillin, 100 yg/ml streptomycin and
2 mM L-glutamine, and maintained at 37°C in a humidified
atmosphere of 5% CO, (25,26). Cells were allowed to equili-
brate for 24 h before being used.

Male BALB/c mice. A total of 50 eight-week-old male BALB/c
mice, weighing 22-25 g each, were purchased from the National
Laboratory Animal Center (Taipei, Taiwan) and housed in
stainless steel, mesh-bottomed cages. Mice were kept under
specified pathogen-free conditions in the animal center of
China Medical University (Taichung, Taiwan). All experi-
ments were carried out in accordance with the Institutional
Guidelines for Animal Welfare of China Medical University
and were approved by the Institutional Animal Care and
Use Committee of China Medical University, as previously
described (25,26).

Treatment of animals with AUPGA. BALB/c mice were
randomly divided into five groups (n=10 per group).

Groups II-V were intraperitoneally injected with 10° WEHI-3
leukemia cells. Group I mice received a normal diet ad libitum
as the control. Group II mice received a normal diet ad libitum
with 100 gl olive oil by oral gavage. Group III mice received
a normal diet ad libitum and AUPGA (20 mg/kg with 100 ul
olive oil by oral gavage). Group IV mice received a normal
diet ad libitum and AUPGA (50 mg/kg with 100 ul olive oil by
oral gavage). Group V mice received a normal diet ad libitum
and AUPGA (100 mg/kg with 100 ul olive oil by oral gavage).
AUPGA in olive oil was administered by oral gavage once
every three days for 21 days and all mice were weighed
throughout the oral treatment. At the end of treatment, all
mice were weighed and sacrificed by euthanasia with CO,, as
previously described (25,26).

Immunofluorescence staining for cell surface markers. The
blood and spleen of each mouse was collected. Splenocytes
were isolated from the spleen in order to evaluate NK cell
activity, as previously described (25,26). To analyze blood
samples (0.2 ml each) for cell markers, red blood cells were
lysed using 1X Pharm Lyse™ lysing buffer (BD Pharmingen,
San Diego, CA, USA), according to the manufacturer's
instructions. After centrifugation at 1,500 x g for 15 min
at 4°C, white blood cells were collected and stained with
phycoerythrin (PE)-labeled anti-mouse CD3 (BD553062,
BD Biosciences, San Jose, CA, USA), PE-labeled anti-mouse
CD19 (BD553786, BD Biosciences), fluroscein isothio-
cyanate (FITC)-labeled anti-mouse CDI11b (BD553310, BD
Biosciences) and FITC-labeled anti-mouse Mac-3 (BD553324,
BD Biosciences) antibodies (the dilution of each antibody was
1:12) for 30 min at 4°C. The cells were washed with PBS and
analyzed for cell marker population by flow cytometry, as
previously described (25,26).

Flow cytometric assay for macrophage phagocytosis.
Macrophages were obtained from the peripheral blood mono-
nuclear cells (PBMCs) and peritoneum of each mouse, as
previously described (21,23). Isolated macrophages were main-
tained in the FACS tube (Falcon 352052, BD Biosciences; 100 pl
PBMCs/tube, 1 ml peritoneal fluid/tube) and 10 p1 Escherichia
coli-FITC was added to each well, based on the PHAGOTEST®
kit manufacturer instructions (BD Biosciences). All samples
were analyzed for phagocytosis by flow cytometry and quanti-
fied using CellQuest software (version 5.2.1; BD Biosciences),
as previously described (25,26).

Flow cytometric assay for NK cell cytotoxic activity.
Splenocytes (2.5-5x10° cells/well) from each mouse were
maintained on a 96-well plate containing 100 1 RPMI-1640
medium in each well. YAC-1 target cells (1x10* cells) in
serum-free RPMI-1640 medium and PKH-67/Dil.C buffer
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) were
added to each well, based on the manufacturer's instructions, to
form target:effector ratios of 25:1 and 50:1 (splenocytes:YAC-1
target cells). All samples were mixed well for 2 min, then 2 ml
PBS was added to each well for 1 min. Next, 4 ml medium was
added to each well and the cells were incubated for 10 min.
All steps were performed at 25°C. The cells were centrifuged
at 25°C at 290 x g for 2 min. NK cell cytotoxic activity was
assayed by flow cytometry, as previously described (25-27).
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Figure 1. Effect of AUPGA treatment on the body, liver and spleen
weights of leukemia BALB/c mice. All animals were treated for 22 days.
(A) Representative images of the mouse bodies at the end of the treatment
period. (B) Total body weight throughout the treatment period (measured
every three days). (C) Representative images of the mouse livers at the end of
the treatment period. (D) Weights of mouse livers at the end of the treatment
period. "P<0.05 vs. AUPGA-untreated leukemia mice group.
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Figure 1. Continued. (E) Representative images of the mouse spleens at
the end of the treatment period. (F) Weights of mouse spleens at the end of
the treatment period. “P<0.05 vs. AUPGA-untreated leukemia mice group.
AUPGA, Asia University selected purple glutinous indica rice.

Assay for T and B cell proliferation. Splenocytes (10° cells/well)
were maintained in a 96-well plate with 100 I RPMI-1640
medium in each well. For B cell proliferation analysis, 1 x#g/ml
lipopolysaccharide (LPS) was added to the well to stimulate
cells for three days. For T cell proliferation analysis, 1 xg/ml
concanavalin A was added to the well to stimulate cells for
five days. At the end of incubation, each sample was assayed
for T or B cell proliferation using a CellTiter 96 Aqueous One
Solution Cell Proliferation Assay kit (Promega Corporation,
Madison, WI, USA), as previously described (25,26).

Statistical analysis. Data are presented as the mean + standard
deviation. Differences between the control and AUPGA-treated
groups were analyzed using the Student's t-test and SigmaPlot
software version 10.0 (Systat Software, Inc., London, UK).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Effects of AUPGA treatment on the body, liver and spleen
weights of leukemia BALB/c mice. Groups 1I-V were treated
with WEHI-3 to generate leukemia and Group I was a normal
control. Group II was a WEHI-3 control without AUPGA treat-
ment, while Groups III, IV and V were treated with AUPGA
(20, 50 and 100 mg/kg, respectively) for 22 days. During the
experimental period, all mice were weighed every three days.
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Figure 2. Effects of AUPGA treatment on cell markers of white blood cells from leukemia BALB/c mice. Blood was collected from mice and analyzed for
cell markers (A) CD3, (B) CD19, (C) CD11b and (D) Mac-3 by flow cytometry. ‘P<0.05 vs. AUPGA-untreated leukemia mice group. AUPGA, Asia University

selected purple glutinous indica rice.
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Figure 3. Effect of AUPGA treatment on macrophage phagocytosis in the
PBMC and peritoneum of leukemia BALB/c mice. Blood samples were
collected, then macrophages were isolated from the (A) PBMC and (B) peri-
toneum of each mouse. Macrophage phagocytosis activity was assayed
by flow cytometry and quantified using CellQuest software. "P<0.05 vs.
AUPGA-untreated leukemia mice group. AUPGA, Asia University selected
purple glutinous indica rice; PBMC, peripheral blood mononuclear cell.

Representative images of the animals, livers and spleens, as
well as the weights of each, are presented in Fig. 1A-F. These
results demonstrated that AUPGA did not affect the appearance
of the mice (Fig. 1A) or cause any significant change in body
weight (Fig. 1B) in the mice of each group. However, the liver
weight was significantly decreased (P<0.05; Fig. 1C and D)
and the spleen weight was significantly increased (P<0.05;
Fig. 1E and F) as compared with the AUPGA-untreated
leukemia mice.

Effects of AUPGA treatment on cell marker levels in leukemia
BALB/c mice. White blood cells were isolated from each
group, and the levels of cell markers CD3, CD19, CD11b and
Mac-3 were measured by flow cytometry. As shown in Fig. 2A,
AUPGA treatment at 20 or 100 mg/kg significantly increased
the T cell (CD3) population compared with AUPGA-untreated
leukemia mice (P<0.05). AUPGA treatment at 20 mg/kg
also led to a significant increase in the B cell (CD19) popu-
lation as compared with AUPGA-untreated leukemia mice
(P<0.05; Fig. 2B). AUPGA treatment at 50 or 100 mg/kg led
to a significant increase in both the monocyte (CD11b) popula-
tion (P<0.05; Fig. 2C) and the levels of macrophage (Mac-3)
(P<0.05; Fig. 2D).

Effect of AUPGA treatment on macrophage phagocytosis in the
PBMCs and peritoneum of leukemia BALB/c mice. Cells were
collected from the PBMCs and peritoneum of each group. The
percentage of macrophage phagocytosis was analyzed by flow
cytometry. As shown in Fig. 3A, AUPGA treatment at 50 and
100 mg/kg significantly promoted macrophage phagocytosis
in the PBMCs as compared with AUPGA-untreated leukemia
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Figure 4. Effect of AUPGA treatment on the cytotoxic activity of NK cells
from leukemia BALB/c mice. Splenocytes were cultured in 96-well plates
and target YAC-1 cells were added. NK cell cytotoxic activity was measured
using flow cytometry. ‘P<0.05 vs. AUPGA-untreated leukemia mice group.
AUPGA, Asia University selected purple glutinous indica rice; NK, natural
killer.
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Figure 5. Effect of AUPGA treatment on T and B cell proliferation in
leukemia BALB/c mice. (A) T cells were pretreated with or without Con
A, then cell proliferation was analyzed by flow cytometry. (B) B cells were
pretreated with or without LPS, then cell proliferation was analyzed by flow
cytometry. "P<0.05 vs. AUPGA-untreated leukemia mice group. AUPGA,
Asia University selected purple glutinous indica rice; LPS, lipopolysaccha-
ride; Con A, concanavalin A.

mice (P<0.05). All doses of AUPGA treatment significantly
promoted macrophage phagocytic activity in the peritoneum

as compared with AUPGA-untreated leukemia mice (P<0.05;
Fig. 3B).

Effect of AUPGA treatment on the cytotoxic activity of NK
cells from leukemia BALB/c mice. YAC-1 targets cells were
added to splenocytes from mice in each group. NK cell activity
was then evaluated using flow cytometry. As shown in Fig. 4,
all doses of AUPGA treatment significantly decreased NK
cell cytotoxic activity as compared with AUPGA-untreated
leukemia mice (P<0.05).

Effect of AUPGA treatment on T and B cell proliferation from
leukemia BALB/c mice. Splenocytes from each group were
used for T and B cell proliferation assays. AUPGA treatment
at 20 mg/kg significantly promoted T cell proliferation with or
without concanavalin A pretreatment (P<0.05; Fig. 5A), and
AUPGA treatment at 50 and 100 mg/kg significantly decreased
B cell proliferation with or without LPS pretreatment (P<0.05;
Fig. 5B) as compared with AUPGA-untreated leukemia mice.

Discussion

Plant-derived bioactive compounds, such as paclitaxel from
Taxus brevifolia and camptothectin from Camptotheca
acuminate, are commonly used in the clinical treatment of
cancer (28,29). In 2006, the Food and Drug Administration
in the USA approved the marketing of Veregen® (the first
botanical product to be approved as a drug) for treatment of
external genital and perianal warts (30). However, to date, there
have been few studies regarding the biological activities of
AUPGA in animal models. In particular, the effects of AUPGA
on immune responses in vivo have not been elucidated. Thus,
the current study aimed to investigate how AUPGA treatment
affected immune responses in leukemia BALB/c mice in vivo.
Normal BALB/c mice were intraperitoneally injected with
WEHI-3 cells to induce leukemia. Mice were then divided into
groups and were orally treated with or without AUPGA once
every three days for 22 days. It was found that AUPGA had
no significant effect on body weight in the leukemia mice but
decreased the liver weight and increased the spleen weight as
compared with the AUPGA-untreated leukemia mice. It was
also found that AUPGA promoted the T cell (CD3) population
at 20 and 100 mg/kg treatments, but only 20 mg/kg of AUPGA
treatment led to an increase in the B cell (CD19) population.
AUPGA treatment at 50 or 100 mg/kg led to an increase in the
monocyte (CD11b) population and the levels of macrophage
(Mac-3). It has previously been reported that it is possible for
macrophages to kill and eliminate cancer cells (31-33). Thus,
it was proposed by the current authors that the activation of
macrophages by AUPGA may reduce cancer risk.
Macrophages serve a key function in the response to antigens
in the animal body and are able to destroy target cells in vivo (24).
The current study demonstrated that AUPGA treatment at 50 or
100 mg/kg significantly promoted macrophage phagocytosis in
samples from the PBMCs, and all tested doses of AUPGA treat-
ment significantly promoted macrophage phagocytic activity
in samples from the peritoneum. All tested doses of AUPGA
treatment significantly decreased NK cell activity. However,
this observed alteration in NK cell function is also a decreased
immune response. Thus, AUPGA may have a cell specificity
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that requires further investigation in the future. Furthermore,
AUPGA treatment at 20 mg/kg significantly promoted T cell
proliferation and treatment at 50 or 100 mg/ml significantly
decreased B cell proliferation, which was stimulated by LPS.
Oral intake of LPS has been reported to be effective in preventing
certain diseases (34). Further investigations are required in this
area, including in vivo studies for WEHI-3 cell xenograft mice
treated with AUPGA by oral gavage.

In conclusion, the present study indicated that the crude
extract of anthocyanins from the rice bran of AUPGA did not
alter the body weight of leukemia BALB/c mice in vivo, but
did promote CD3 (T cell), CD19 (B cell), CDI11b (monocyte)
and Mac-3 (macrophage) populations in leukemia mice.
Furthermore, AUPGA treatment promoted macrophage
phagocytosis and decreased NK cell activity in leukemia
BALB/c mice in vivo.
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