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Arabinoxylan rice bran (MGN-3/Biobran) is a potent biological response modifier (BRM) that
activates natural Killer (NK) cells, T cells and monocytes. Currently, little is known regarding the
effects of MGN-3 on dendritic cells (DCs), the cell type that bridges innate and adaptive immunity.
Therefore, we examined the stimulatory effects of MGN-3 on DCs. Human monocyte-derived DCs were
treated with MGN-3 at different concentrations (5-20 pg/ml) for 24 hours in vitro. Activation of DCs
was determined by assessing the expression of co-stimulatory and maturation markers (CD40, CD80,
CD83, CD86 and HLA-DR) by flow cytometry, and production of cytokines by ELISA. DC function
was determined by assessing their ability to activate naive T cells. Activation of T cells was assessed by
measuring cell proliferation and cytokine production. MGN-3 treatment, in a dose-dependent manner,
resulted in: 1) up-regulation of the surface expression of CD83 and CD86, on DCs; 2) an increase in
the production of pro-inflammatory and immuno-regulatory cytokines (IL-1pB, IL-6, IL-10, TNF-a,
IL-12p40 and low levels of IL-12p70 and IL-2) by DCs; and 3) MGN-3 stimulated DC induced CD4*T
cell proliferation and their production of cytokines, IFN-y, IL-10, IL-17. Results suggest that MGN-3
functions as a natural adjuvant for DC activation and thus may be used in DC-based vaccine strategies

against infections and cancer.

Rice bran was obtained from milling rice. It
is composed of pericarp and seed coat together
as a major portion of the aleurone layer, a part of
the endosperm, and some part of the embryo or
germ. Accordingly, several health benefits have
been identified with rice bran. It is a rich source
of proteins, lipids, vitamins, and trace minerals
(1), and is well-known as a great source of dietary
fiber (2). Earlier studies have shown that rice bran
lowers serum cholesterol, and additionally reduces

the postprandial lipemia in humans (3-4). It is of
great interest to note that rice bran derivatives
possess anti-cancer activity, in vivo and in vitro.
Recent studies by our laboratory and that of others
have demonstrated the anti-cancer activity of rice
bran derivatives. Arabinoxylan rice bran (MGN-
3/Biobran) exerts in vivo tumor inhibitory effects
against Ehrlich carcinoma-bearing mice (5-6), and
rice bran polyphenol, cycloartenyl ferulate, induces
apoptosis in human colorectal adenocarcinoma in
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vitro (7).

Recently, the immune modulatory effects of
rice bran have emerged as a focus of research. Our
work, and that of others, has shown that MGN-
3/Biobran and other rice bran-derived flavonoids
exert anti-oxidant and radical-scavenging activities
(5, 8-9).. MGN-3 is obtained by reacting rice
bran hemicellulose with multiple carbohydrate
hydrolyzing enzymes from shiitake mushrooms.
The main chemical structure of MGN-3 is
arabinoxylan, with a xylose in its main chain and
an arabinose polymer in its side chain (10). The
anticancer activity of MGN-3 was attributed to
its ability to activate natural killer (NK) cells (11-
13) and T cells (10), and to inhibit T regulatory
lymphocyte (T reg) generation in patients with
locally limited or metastatic solid tumors (14). In
addition, recent studies have indicated that MGN-3
could potentially activate dendritic cells (15).

Dendritic cells (DCs) are the most influential
and professional antigen presenting cells (APCs).
Recent studies reported evidence of DC-based
cancer immunotherapy (16). DCs are the bridge
between innate and adaptive immunity because of
their unique ability to sense pathogens and initiate
immune response. These cells detect and respond to
pathogens through Toll-like receptors (TLRs) and
Nod-like receptors (17), in addition to the recently
discovered C-type lectin receptor family that has also
emerged as a major sensor of pathogens. In particular,
C-type lectins recognize carbohydrate moieties on
bacteria and fungi (18-19). Exposure of DCs to
ligands or agonist of all these pattern recognition
receptors (PRRs) results in production of cytokines,
which modulate the type of T helper cell response
and functions (16, 20). Upon sensing the specific
type of pathogen, DCs instruct CD4'T cells to
differentiate into a variety of effector and regulatory
subsets, including classical Thl cells and Th2 cells,
follicular helper T cells, induced regulatory T cells,
and the more recently defined Th17 cells (20). The
type of the cytokines produced by DCs in response
to various ligands dictates the type of T-helper cell
responses (21-22). The present study was undertaken
to examine the ability of MGN-3 to activate DCs in

respect to the type of cytokines secreted and the type

of T cell helper cells generated by MGN-3-activated
DEs:

MATERIALS AND METHODS

Antibodies and reagents

The following anti-human antibodies were used:
CDllc APC (Clone B-ly6 ), CD40 PE (clone 5C3),
CD80 PE (Clone L307.4) , CD83 PE (Clone HBI5e
), CD86 PE [Clone 2331 (FUN-1)], HLADR PerCP
[Clone L243 (G46-6)], CD4 PerCP (Clone SK3) and
CD45RA APC (Clone HI100), CD25 FITC (Clone M-
A251) FoxP3 PE (Clone 259D/C7), CD127 Alexa647
(Clone hIL-7R-M21) all from BD Biosciences (San Jose,
California). E. coli LPS was purchased from InvivoGen
(San Diego, California). An isotype antibody was used as
a negative control (BD Biosciences, San Jose, California).
FACS analysis-flow cytometry was performed using
FACScalibur (Becton-Dickenson, San Jose, California),
and analyzed using Flowjo software (Tree Star, Inc.,
Ashland, Oregon, U.S.A.).

MGN-3/Biobran

MGN-3/Biobran is an arabinoxylan extracted from
rice bran that is treated enzymatically with an extract
from Shiitake mushrooms. MGN-3/Biobran was kindly
provided by Daiwa Pharmaceuticals Co. Ltd., Tokyo,
Japan.

Isolation and culture of monocyte-derived DCs

Monocyte-derived DCs were prepared essentially as
described previously (21-22). Briefly, peripheral blood
mononuclear cells (PBMC) from normal healthy donors
(approved by the Institutional Review Board (IRB),
Charles Drew University) were separated over Ficoll-
hypaque density gradient centrifugation. The cells were
allowed to adhere to culture plates for 2 h. Non-adherent
cells were subsequently removed. The adherent monocytes
were cultured for 6 days under a humidified atmosphere
of 5% CO, at 37°C in RPMI 1640 supplemented with
10% FBS, 1 mM glutamine, 100 U/ml penicillin, 100 pg/
ml streptomycin, human granulocyte-macrophage colony
stimulating factor (GM-CSF) at 50 ng/ml (Peptrotech,
Rocky Hill, NJ, USA), and 10 ng/ml recombinant human
IL-4 (Peprotech). Half of the medium was replaced every
2 days with fresh medium and DCs were collected after
6 days. The purity of the DCs obtained was >95%. DCs
were subsequently pulsed with either 1 pg/ml E. coli LPS
as a positive control, or with MGN-3 (5-20 pg/ml) for 24
h.

DC phenotyping

The expression of cell surface markers was determined
by flow cytometry. Briefly, gated CD11c"HLA'DR*DCs
were analyzed for the expression of CD40, CD80, CDS83,
CD86 and HLADR with the appropriate isotype antibody
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supplied by BD Pharmingen (San Diego, California,
USA).

Cytokine production by DCs

Immature DCs were incubated with either LPS (1
pg/ml) or with MGN-3 (5, 10, or 20 pg/ml) for 24 h.
The supernatants were collected and stored at -70°C
until analyzed. The cytokines TNF-a, IL- 1B, IL-6, IL-
10, IL-12p40, IL-12p70 (BD Pharmingen) and IL-2 and
IL-15 (ebiosciences, San Diego) in the supernatants were
measured by specific ELISA kits as per the manufacturer’s
protocol.

DC-T-cell cultures

Allogenic CD4'T cells were purified by negative
selection using a magnetic bead-based kit from Stem
Cell Technology, Vancouver, BC, Canada. The purity of
the naive CD4" T-cells obtained ranged from 93 to 97%
as determined by CD4 and CD45RA staining. CD4'T
cells were labeled with CFSE dye. Allogenic CD4T cells
were cultured with DCs that were stimulated with LPS or
MGN-3 (5-20 pg/ml) for 24 h as above. The DC-CD4'T
were co-cultured for 5 days in U bottom 96 well plate. The
ratio DC:CD4'T cells was 1:5 (2x10*1x10° ). Cell death
due to CFSE dye was examined by Propidium Iodide (PI)
staining and dead cells were excluded from analysis. The
proliferation of T-cells was measured by dilution of dye.
At the end of 5 days supernatant was collected and kept
at -70°C. Cytokines IFN-y, IL-10, IL-4 and IL-5 were
detected using a specific ELISA kit from BD Pharmingen
and IL-17 from eBioscience San Diego.

Statistics

All of the experiments were repeated with samples
from 4-7 individual subjects. The probability of the mean
values of two experimental groups was tested by the two-
tailed 7-test for paired samples. The level of significance
was set at p<0.05. For Bar graphs statistical analysis was
performed using Graph Pad Prism software.

RESULTS

DC activation

DCs were treated with MGN-3 (5, 10 and 20
ug/ml) or LPS (1 pg/ml) or untreated cultures. The
level of DC activation was examined under all three
conditions. The data depicted in Fig. 1 displays the
levels of DC surface co-stimulatory and maturation
markers, including CD40, CD80, CD83, CD86 and
HLA-DR, post-treatment with MGN-3 or LPS. Flow
cytometry analysis revealed that the MGN-3-treated
DCs show a significant dose-dependent increase in

the expression of CD83 and CD86. DCs treated with
LPS also show the up-regulation of these surface
markers.

Cytokine Production by DCs

Data in Fig. 2 show that MGN-3 induced
production of cytokines IL-1p, IL-6, IL-10, TNF-
a, IL-12p40, IL-12p70, IL-2 and IL-15. The effect
of MGN-3 was significant (p<0.05) as compared
to DCs alone. DCs treated with LPS also produced
significant levels of IL-6, IL-10, TNF-a, IL-12p40,
and IL-12p70 cytokines. Unlike LPS, MGN-3
induced significant levels of IL-1 f in a dose-
dependent manner.

DC induced CD4°T cell proliferation

To examine the capacity of the MGN-3 activated
DCs to stimulate T cells, we co-cultured DC
control or DCs activated with MGN-3 or LPS with
alloreactive CD4'T cells. Co-culture with DC control
resulted in proliferation of allogeneic CD4'T cells,
whereas MGN-3 boosted DC-induced proliferation.
Treatment with MGN-3 at a concentration of
10pg/ml resulted in an increase in CD4" T cell
proliferation to 64.6%, as compared with DC-CD4*
T-cell proliferation alone 45.4%, thus representing a
1.4-fold (73.6%) increase in activity. The magnitude
of T cell proliferation induced by MGN-3-activated
DCs was similar to that of DC activated with LPS

(Fig. 3).

Expression of activation marker, CD25 on CD4'T
cells

The data in Fig. 4 show that T cells co-cultured
with MGN-3-activated DCs exhibited a significant
increase in the expression of CD25 marker. MGN-
3 at a concentration of 10pg/ml caused a 1.3-fold
increase in the expression of CD25 as compared
to DC-CD4"T cells alone. In our current study, we
examined T reg generation by MGN-3 stimulated
by Intracellular FoxP3 and low CDI127 but these
CD4"T-cell do not exhibit T reg phenotype.

MGN-3 activated DCs induce multiple cytokines
(IFN-y, IL-10 and IL-17) from T cells

Cytokine secretion by T cells induced by DCs
preactivated with or without MGN-3 or LPS was
examined. Fig. 5 shows that, as expected, the LPS
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Fig. 1. Effect of MGN-3 on DC co-stimulatory and maturation markers CD40, CD80, CD83, CD86. and HLADR.
Monocyte-derived DCs were treated for 24 h with MGN-3 (5-20 ug/ml), LPS (Iug/ml) as positive control. Isotype
antibody was used as a negative control. Expression of cell surface markers was determined by flow cytometry. One
representative experiment is shown from 4 individual experiments.

primed DCs displayed approximately a two-fold
increase in IFN-y, as compared to unstimulated
DC-T cells alone. MGN-3, at a concentration of
10 pg/ml, primed DC-induced secretion of IFN-
y from T-cells, resulting in a 1.4-fold increase in
IFN-y secretion as compared to control DC-CD4*T
(p<0.05). Treatment with MGN-3 also resulted in a
significant increase in IL-10 secretion (2 fold) over
the control DC-CD4'T cells. 1L-17 is detected in a
dose-dependent manner in DC-T cells post treatment
with MGN-3. TH2 cytokines IL-4 and IL-5 were
not detected by MGN-3- and LPS-stimulated DC-
CD4'T cells.

DISCUSSION

The major function of DCs is to present antigens

to naive T lymphocytes and induce effective immune
responses. DC-based vaccines have emerged as a
promising strategy for vaccination against infections
and in the immunotherapy of cancer. In DC-based
vaccines, the activation and maturation state of the
DC is of importance for induction of appropriate
immune responses. In this study we have established
the fact MGN-3, an arabinoxylan rice bran, is a
potent activator of DC maturation and function.
Recent work by Cholujova et al. has shown the
ability of MGN-3 to induce maturation of DCs
as determined by upregulation of DC maturation
marker CD83 and CD86 (15). Our data confirm
the upregulation of these maturation markers and
further show that MGN-3 triggers production of
pro-inflammatory and immuno-regulatory cytokines
(IL-1B, IL-6, IL-10, TNF-a, IL-12p40 and low levels
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Fig. 2. Effect of MGN-3 on cytokine production. Immature DCs were incubated with LPS (1 pg/ml) or MGN-3 (5-20 ug/
ml) for 24 h. Supernatants were collected and the levels of IL-6, TNF-o, IL-10, IL-1B, IL-12p40, IL-12p70, IL-2, IL-15
were measured by specific ELISA kits. The data are the mean = SD from 7 individual experiments; * p<0.05 as compared

to DCs alone.

of IL-12p70, IL-2) by DCs. In addition, we show that
MGN-3-stimulated DCs are able to expand CD4T-
cells to produce IFN-y, IL-10, and IL-17. Taken
together, the results of this study suggest that MGN-3
can be used as an adjuvant in DC-based vaccination
strategies.

MGN-3-treated DCs elicited the production of

multifunctional cytokines. IL-1p, IL-6, and TNF-
o are known as pro-inflammatory cytokines and
play a role in phagocytosis of invading pathogens
(18-19, 23). Cytokine IL-10 possesses anti-cancer
activity and can inhibit the growth of a squamous
cell carcinoma (SCC-13) cell line. In addition, it
can also decrease tumorogenecity and increase
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Fig. 3. Effect of MGN-3 on the activation of CD4+ T-cell proliferation. DCs were stimulated with LPS (1ug/ml) or MGN-
3 (10 ug/ml) for 24 h. After washing, DCs were cultured with CFSE-labeled CD4 T cells for 5 days. Proliferation of T
cells was measured by dilution of CFSE dye. One representative experiment is shown from 4 individual experiments.
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Fig. 4. Effect of MGN-3 treatment on the up-regulation of CD4+CD25+ expression of CD4 Tcells. DCs were stimulated
with LPS (1ug/ml) or MGN-3 (10 ug/ml) for 24 h. After washing, DCs were cultured with CD4 T cells for 5 days.

CD4+CD25+ expression was detected by CD25 antibody staining. One representative experiment is shown from 4
individual experiments.
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Fig. 5. Cytokine secretion in MGN-3 primed DC-induced T cells. DCs were stimulated with LPS (1ug/ml) or MGN-3 (10
wg/ml) for 24 h. After washing, DCs were cultured with CFSE-labeled T cells for 5 days. The secretion of I[FN-y, IL-10,

and IL-17 in the supernatants was assessed using specific ELISA kits. The data are the mean + SD from 4 individual
experiments; *p<0.05, as compared to control DCs.
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antigenecify of tumor cells (24-27). The significantly
increased production of these cytokines by DC post
treatment with MGN-3 suggests its potential for use
as an adjuvant in anticancer and infectious disease
vaccines. Furthermore, adjuvants that expand T
cells in sufficient quantity and quality are of value
in inducing protective immunity. In this study we
showed an increased production of cytokines IL-2,
IL-12p40 and IL-12p70 post treatment with MGN-
3. DC-derived IL-2 is primarily involved in survival
and expansion of T cells, whereas IL-12p40 and IL-
12p70 are mainly involved in driving IFN-y secreting
CDA4'T cells.

IFN-y has been found to exert antitumor activity
(28-30). We have previously shown that MGN-3
treatment caused a significant reduction in tumor
volume in mice that was associated with increased
levels of IFN-y (5). In cancer patients, MGN-3 inhibits
T regulatory cell formation and promotes T helper
(TH) production with a statistically significant increase
in the ratio of TH/T reg cells (14). In our current study,
we examined whether or not MGN-3 stimulated DC to
induce T reg (FoxP3+ and low CD127+) cells. We did
not detect T regs (data not shown).

Two alternative mechanisms can be proposed
to account for the observed stimulatory effects of
MGN-3 on DCs. First, it is possible that MGN-3
binds to the cell surface via pattern recognition
receptors (TLRs and /or C type lectins) and triggers
signaling pathways involved in cell activation and
cytokine production. Alternatively, MGN-3 could
bind intracellular receptors (NLRP3 inflammasome)
and signal cell activation pathways. These two
possibilities are not mutually exclusive. Although
the exact mechanism has not been established, our
results suggest that enhancing DC function with
MGN-3 should be beneficial for DC-based vaccine
improvement.

ACKNOWLEDGEMENTS

We would like to thank our college, and our
collaborator Dr. S. Gollapudi, UC Irvine, for his
critical insight and guidance for this study.

REFERENCES

1. Prakash J. Rice bran proteins: properties and food
uses. Crit Rev Food Sci Nutr 1996; 36:537-52.

947

Saunders RM. The properties of rice bran as a food
stuff. Cereal Foods World 1990; 35:632-36.

Kestin M, Moss R, Clifton MP, Nestel PJ.
Comparative effects of three cereal brans on plasma
lipids, blood-pressure and glucose metabolism in
mildly hypercholesterolemic men. Am J Clin Nutr
1990; 52:661-66.

Cara L, Dubois C, Borel PM, et al. Effect of oat
bran, rice bran, wheat fiber and wheat bran on post-
prandial lipemia in healthy adults. Am J Clin Nutr
1992; 1:81-88.

Badr El Din N, Noaman E, Ghoneum M. /n vivo
tumor inhibitory effects of nutritional rice bran
supplement MGN-3/biobran on Ehrlich Carcinoma—
bearing mice. Nutr Cancer 2008; 60:235-44.
Noaman E, Badr El-Din NK, Bibars MA, Abou
Mossallam AA, Mamdooh Ghoneum M. Antioxidant
potential by arabinoxylan rice bran, MGN-3/biobran,
represents a mechanism for its oncostatic effect
against murine solid Ehrlich carcinoma. Cancer
Letters 2008; 268:348-59.

Kong CK, Lam WS, Chiu LC, Ooi VE, Sun SS,
Wong YS. A rice bran polyphenol, cycloartenyl
ferulate, elicits apoptosis in human colorectal
adenocarcinoma SW480 and sensitizes metastatic
SW620 cells to TRAIL-induced apoptosis. Biochem
Pharmacol 2009; 77:1487-96.

Rao AS, Reddy SG, Babu PP, Reddy R. The
antioxidant and antiproliferative activities of
methanolic extracts from Njavara rice bran. BMC
Complement Altern Med 2010; 10:4.

Okai Y, Higashi-Okai K. Radical-scavenging activity
of hot water extract of Japanese rice bran-association
with phenolic acids. J UOEH 2006; 28:1-12.
Ghoneum M. Anti-HIV activity in vitro of MGN-3,
an activated arabinoxylan from rice bran. Biochem
Bioph Res Comm 1998a; 243: 25-9.

Ghoneum M. Enhancement of human natural killer
cell activity by modified arabinoxylan from rice bran
(MGN-3). Int J Immunother 1998b; XIV 2:89-99.

. Ghoneum M, Jewett A. Production of tumor necrosis

factor-alpha and interferon-gamma from human
peripheral blood lymphocytes by MGN-3, a modified
arabinoxylan from rice bran, and its synergy with
interleukin-2 in vitro. Cancer Detect Prev 2000; 24:
314-24.



948

)

14.

1653

16.

117

18.

198

20.

2l

22

M. GHONEUM ET AL.

Ghoneum M, Abedi S. Enhancement of natural killer
cell activity of aged mice by modified arabinoxylan
rice bran (MGN-3/Biobran). ] Pharmacy Pharmacol
2004; 56:1581-88.

Lissoni P, Missina G, Brivio F, et al. Modulation
of the anticancer immunity by natural agents:
inhibition of T regulatory lymphocyte generation
by arabinoxylan in patients with locally limited or
metastatic solid tumors. Cancer Therapy 2008; 6:
1011-16.

Cholujova D, Jakubikova J, Sedlak J. BioBran-
augmented maturation of human monocyte-derived
dendritic cells. Neoplasma 2009; 56:89-95.

ArugaA. Dendritic cell-based cancer immunotherapy.
Nippon Rinsho 2010; 68:1107-10.

Takeuchi O, Akira S. Pattern recognition receptors
and inflammation. Cell 2010; 140:805-20.

Brown GD, Gordon S. Immune recognition: a new
receptor for B-glucans. Nature 2001; 413:36-37.
Geijtenbeek TB, Gringhuis SI. Signalling through C-
type lectin receptors: shaping immune responses. Nat
Rev Immunol 2009; 9:465-79.

Iwasaki A, Medzhitov R. Regulation of adaptive
immunity by the innate immune system. Science
2010; 327:291-95.

Agrawal S, Agrawal A, Doughty B, Gerwitz A, Van
Dyke T, Pulendran B. Cutting edge: different TLR
agonist instruct dendritic cells to induce diverse T
helper responses, via differential activation of MAP
Kinases. J] Immunol 2003; 171:4984-9.

Agrawal S, Dillon S, Banerjee K, et al. Yeast
TLR-2
induce regulatory antigen-presenting cells

Zymosan, Ligand for and Dectin-1,
and

Immunological tolerance. J Clin Invest 2006; 116:

288

24.

28.

29!

30.

916-28.

van de Veerdonk FL, Netea MG, Joosten LA, van
der Meer JW, Kullberg BJ. Novel strategies for the
prevention and treatment of Candida infections: the
potential of immunotherapy. FEMS Microbiol Rev
2010; 34:1063-75.

Ghoneum M, Tachiki K, Uyemura K, Makinodan
T, Makhijani N, Yamaguchi, D. Natural biological
response modifier (MGN-3) shown to be effective
against tumor cell growth. 8th Int. Cong. on Anti-
aging and Biomed. Technologies. Las Vegas, NV.
Dec. 14-17, 2000.

Mocellin S, Panelli MC, Wang E, Nagorsen D,
Marincola FM. The dual role of IL-10. Trends
Immunol 2003; 24:36-43.

Huang S, Xie K, Bucana CD, Ullrich SE, Bar-Eli M.
Interleukin-10 suppresses tumor growth and metastasis
of human melanoma cells: potential inhibition of
angiogenesis. Clin Cancer Res 1996; 2:1969-79.
Berman RM, Suzuki T, Tahara H, Robbins PD,
Narula SK, Lotze MT. Systemic administration of
cellular IL-10 induces an effective, specific and long
lived immune response against established tumors in
mice. ] Immunol 1996; 157:231-38.

Baron S, Tyring SK, Fleischmann WR Jr, et al.
The interferons. Mechanisms of action and clinical
applications. JAMA 1991; 266:1375-83.

Cha SS, Kim MS, Choi YH, et al. 2.8 A resolution
crystal structure of human TRAIL, a cytokine with
selective antitumoreactivity. Immunity 1999; 11:
253-61.

Borish LC and Steinke JW. 2. Cytokines and
chemokines. J Allergy Clin Immunol 2003; 111(S):
460-75.



