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Abstract — Antigen presenting cells (APCs), dendritic cells (DCs) and macrophages, play a critical role not only
in the initiation of immune responses, but also in the induction of immune tolerance. In an effort to regulate
immune responses through the modulation of APC function, we searched for and characterized APC function
modulators from natural products. Bifidobacterium pseudocatenulatum SPM1204 (SPM1204) isolated from feces
of healthy Korean in the age of 20s was used in this experiment. DCs and macrophages were cultured in the pres-
ence of supernatants of SPM 1204 and then examined for their activities for the presentation exogenous antigen in
association with major histocompatibility complexes (MHC) and macrophage activation. SPM1204 increased
class I MHC-restricted presentation of exogenous antigen (cross-presentation) in a DC cell line, DC2.4 cells. The
RAW 264.7 cell line was used to test the nonspecific effect of immune reinforcement of SPM1204 as a source of
biological regulating modulator for the macrophage activation, include nitric oxide (NO) production and cytokine
production. Results showed that the production of NO, tumor necrosis factor (TNF)-q, interleukin 1 (IL-1)-p and
morphological changes in macrophages were largely affected by SPM1204 in a dose-dependent manner. Our
results demonstrated that SPM 1204 promote cross-presentation of dendritic cells as well as the induction of NO,
TNF-o production, and activation of macrophage.
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INTRODUCTION

Antigen presenting cells (APCs), dendritic cells (DCs) and
macrophages, play a critical role not only in the initiation of
immune responses, but also in the induction of immune toler-
ance. Recent advances in cancer treatment, efforts to regulate
immune responses through the modulation of APC function
have been searched for and characterized APC function modu-
lators from the naturally occurring biological active com-
pounds. Bifidobacterium spp which inhabit in the intestinal
tracts of humans and animals are used in commercially fer-
mented dairy products and have been suggested to exert health
promoting effects on the host by maintaining intestinal microf-
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lora balances, improving lactose tolerance, reducing serum
cholesterol levels, increasing synthesis of vitamins, and aiding
anti-carcinogenic activity (Mitsuoka, 1982; Gopal ef al., 1996;
Homma, 1998; Hughes and Hoover 1991; Kumann and Raric
1998). Other beneficial effects of the intake of bifidobacterium
are reported to include the reinforcement of immune function
(Yasui and Ohwaki 1991; Yamazaki et al., 1991).
Bifidobacteria apparently enhance several immune func-
tions, including macrophage and lymphocyte activation
(Hatcher and Lambrecht 1993; Sekine ef al., 1994), antibody
production (Yasui and Ohwaki 1991, Lee et al., 1993; Link-
Amster et al., 1994; You et al., 1992), and the proliferative
responses in spleen and Peyer’s patches (Yasui and Ohwaki
1991; Lee et al., 1993; Hosono et al., 1997; Kado et al., 1991;
Takahashi ez al., 1993). Bifidobacteria ingestion has been pro-
posed to enhance resistance to infection by pathogenic organ-
isms (Dufly et al., 1994; Sasaki et al., 1994) and potentially to
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prevent cancer (Sekine et al., 1994; Rafter, 1999).

However, the influence of exogenous factors on species
composition of fecal bifidobacteria is still unclear. Protein must
be processed into small peptides and presented either to major
histocompatibility complex (MHC) class II molecules for acti-
vation of CD4 T cells or MHC class I molecules for activation
of CD8 T cells. Exogenous antigens are normally processed
and presented to class I MHC molecules. Recent studies docu-
mented that exogenous antigens can enter the class I MHC pre-
sentation pathway, a process known as cross presentation.
Subsequently, it has shown that the cross presentation pathway
is an obligatory mechanism in several situations (Shen et al.,
1997; Rafter, 1999). A strict requirement of cross presentation
has been demonstrated in the induction of cytotoxic T lympho-
cyte (CTL) responses to graft tissues, tumor cells and viruses
that infect only non-hematopoietic cells. Cross presentation
may be a mechanism by which naive T cells can be primed to
antigens that are present in nonprofessional APCs.

Macrophages play a major role in the host defense against
infection and tumor formation. The production of nitric oxide
(NO) and tumor necrosis factors (TNF)-a. by macrophages
mediate killing or growth inhibition of tumor cells, bacteria,
fungi and parasites (Lorsbach ef al., 1993). Characterization of
the effects on Bifidobacterium on the production of macrophage
mediators may contribute to a better understanding of how this
genus affects immune function at the cellular level (Rafter, 1999).

These abilities of APC to present exogenous antigens can be
readily observed in vifro by DC 2.4 cell line and RAW 264.7
cell line, murine macrophage cell line. The culture supernatant
of Bifidobacterium pseudocatenulatum SPM1204 was found to
stimulate macrophages to release TNF-o. and NO production.
These results demonstrate that Bifidobacterium pseudocatenu-
latum SPM1204 increased Class I MHC-restricted presentation
of exogenous antigen and activated macrophage function.

MATERIALS AND METHODS

Isolation and Identification of Bifidobacterium pseudocat-
anulatum SPM1204 from human feces

Fecal samples of healthy Koreans (20-30 years old) were
collected by BBL’s anacrobic sample collection & transport
syster in order to maintain anaerobic condition and were used
within 24 hrs. Fecal samples were serially diluted 10 fold from
107 to 10" and 100 ul aliquot of appropriate dilutions was
spread onto the selective BL agar containing 5% of sheep
blood. Brown or reddish brown colonies having 2-3 mm in a

diameter were selected for further identification after 48 hrs of
incubation in anaerobic condition (Bactron Anaerobic Cham-
ber, Sheldon Manufacturing Inc, U. S. A) (Han ef al., 1999;
Bea et al., 1998) onto GAM (General anaerobic medium, Nis-
sue) at 37°C.

Bifidobacterium longum ATCC 15707 and Bifidobacterium
breve ATCC 15700 were used as positive control strains. These
colonies were examined by both Gram staining and micros-
copy for cell morphology. In addition, a fructose-6-phosphate
phosphoketolase (F6PPK) test was performed (Mitsuoka,
1994; Roy and Ward 1990) to ensure that the colonies selected
were bifidobacteria.

Cell culture

The murine macrophages cell line, RAW 264.7, was
obtained from the American Type Culture Collection (ATCC).
Cells were cultured in Dulbecco’s modified Eagle Medium
(DMEM), which was supplemented with high glucose, L-
glutamine, 110 mg/L sodium pyruvate, 10% fetal bovine serum
(FBS), and penicillin (100U/ml)/ streptomycin (100U/ml). LPS
(Escherichia coli, 0127: B8 Westphal type) was purchased from

. Sigma Chemical Co. (St. Louis, MO. USA). B3Z86/90.14

(B3Z),a T cell hybridoma that recognizes K® with peptide 257-
264 (SIINFEKL) of OVA, was kindly provided by Dr. Nilabh
Shastri (University of California, Berkeley, CA. USA). B3Z
contains a DNA construct coding for the /acZ gene, under the
control of the IL-2 regulatory elements. Upon activation of
B3Z through the TCR, the lacZ gene is expressed, allowing
determination of the activation of the T cell hybrid through col-
orimetric assays (Yeh ez al., 1998). DC2.4 cells were obtained
from bone marrow cells infected with a retrovirus encoding
myc and raf by using supernatant from NIH J2 Leuk cells, as
previously described (Shen ef al., 1997).

B3Z T hybridoma activation assays

Activation of B3Z cells was measured by JacZ activity.
Briefly, 4x10* cells/96 well DC2.4, the cells were treated with
different supernatant of bifidobacteria strains (1 pul/96well) in
5.5% CO, humidified air for 2 hrs at 37°C, and then particulate
OVA was added for another 2 hrs. The cells were washed with
phosphate buffered saline and then incubated with 1x103 cells/
96 well B3Z cells to evaluate antigen presentation. After 4 hrs,
the supernatant was removed, and the cells were lysed by a
lysis buffer (0.1% Triton X-100, 250 mM Tris, pH 8.0) and
kept in -70°C for 10 min. The plates were thawed at room tem-
perature for 10 min and added 50 ul of PBS containing 0.5 %
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BSA. Overlaid with 100 pl of substrate (1 mg/ml of chlorophe-
nolred-B-D-galactopyranoside in [B-galactosidase buffer:
60 mM sodium dibasic phosphate buffer (pH 8.0), | mM mag-
nesium sulfate, 10 mM KCl, 50 mM B-mercaptoethanol. The
plates were incubated in humidified air with 5.5% CO, for 12
hrs at 37°C and were measured by an ELISA reader at 580 nm.

TNF-o and IL-1p quantitation

TNF-o. and IL-1PB were quantified by ELISA using a modi-
fication of the protocol of Kim ez al. (2003). Briefly, microtiter
strip wells (Immunoion IV Removawell; Dynatech Laborato-
ries, Chantilly, VG) were coated overnight at 4°C or room tem-
perature with 100 ul of 1 pg/ml purified antibodies to TNF-o
and IL-1B antibodies (rat anti-mouse) in 0.1 M sodium bicar-
bonate buffer (pH 8.2). Wells were incubated with 200 ul of
3% (v/v) bovine serum albumin (BSA) in 0.01M PBS (pH 7.2)
containing 0.2% (v/v) Tween 20 (PBST) at room temperature
for 1 hr to block nonspecific protein binding. Standard recom-
binant murine TNF-a., IL-1B and samples, in 10% (v/v) FBS
DMEM-1640 were added in 100 pl aliquots to appropriate
wells and incubated at room temperature for 1 hr. After wash-
ing four times with PBST biotinylated rat anti-mouse TNF-a or
IL-1B antibodies were diluted in BSA-PBST to 1 pg/ml and 1.5
pg/ml respectively, and 50 ul were added and incubated at
room temperature for 1 hr. Plates were washed six times and
incubated with 50 pl of streptavidin-horseadish peroxidase
conjugate (1.5 mg/ml in BSA-PBST) at room temperature for 1
hr. After washing eight times, bound peroxidase conjugate was
detected by adding 100 ul per well solution of substrate con-
sisting of 0.1 mg/ml (3, 3°, 5, 5” tetramethylbenzidine) TMB,
and 100 ml of 1% H,0, in 25 ml of 0.1 M citric phosphate
buffer (pH 5.5). An equal volume of 6 N H,SO, was added to
stop the reaction. The plates were read at 450 nm on a Vmax
Kinetic Microplates Reader (Molecular Devices, Menlo Park,
CA). TNF-a and IL-1P were quantitated using Vmax Software
(Molecular Devices).

Nitric oxide assay

Flat-bottomed 96 well, LPS (10 ng/ml), two bifidobacterium
strains, media only (DMEM-10), RAW 264.7 cell line, and
Griess reagent (stock-I: 0.2% naphylenediamine HCI, stock-II:
2% sulfanilamide in 5% H,PO,) were used as materials in this
study. NO production was carried out according to the method
reported by Stuehr and Nathan (Stuehr and Nathan 1989). LPS,
cells only (1x106 gells/ml), supematant (12.5, 25, 50, 100 ul/
ml) of two Bifidobacterium strains, were prepared as the treated

groups. 6 wells per each group were used and 200 pl of the
cells (1x10° cells/ml) was added to each well. The plates were
incubated overnight and 100 pl from the surface of each well
was transferred into new plate and added the equivalent amount
of Griess regent. The new plate was then incubated for 10 min
at room temperature and was measured by an ELISA reader at
540 nm. Standard calibration curves were prepared using
sodium nitrite as a standard.

Western blot analysis of TNF-a and IL-1

The RAW 264.7 cells were washed with phosphate buffered
saline and lysed by boiling with a lysis buffer (1% SDS, 1.0
mM sodium vanadate, 10 mM Tris-Cl buffer, pH7.4) for 5 min.
112 pg protein from the cell lysates was applied to 12% SDS-
polyacrylamide gels. The membrane was blocked with a solu-
tion containing 5% BSA for 1 hr. It was then incubated with
anti-TNF-o. monoclonal antibody and anti-IL-1B monoclonal
antibody for 2 hrs and washed 3 times with phosphate buffered
saline. After incubation with alkaline phosphates-labeled anti-
antibody for 1 hr, the bands were visualized using Western
Blot Kit substrate for phosphatase (LumiGLO System, KPL,
U. S. A).

Cell staining

To determine the effects of Bifidobacterium strains on the
macrophage morphology, the cells were cultured in sterile
glass-slide chambers at a density of 1000 cells/well for 48 hrs.
The culture medium was removed, and the cells were treated
with either LPS (100 ng/ml), two Bifidobacterium strains (3 pl/
well) only for 2 days. Following the treatment, the culture
supernatant was removed. The cells were fixed and stained in a
Diff-quick Solution (Baxter, Houston, TX).

Statistical analysis

Nitrite and cytokine production is expressed as means + SD
of 2 to 6 independent experiments. The statistical significance
was estimated using Student-t tests.

RESULTS

Identification of Bifidobacterium pseudocatenulatum SPM
1204 16s rRNA & PCR-RAPD assay

Selected Bifidobacteria was finally identified through 16s
tRNA sequence and PCR-RAPD assay. According to the
results of 16s tRNA sequenry, strain SPM1204 and SPM1205
were identified as B. pseudocatenulatum and B. longum respec-
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tively. Electrophoresis procedures confirmed that Bifidobacte-
rium pseudocatanulatum SPM1204 showed different aspects
of pattern among the Bifidobacterium species (data not shown).

Bifidobacteria strains enhance presentation of exogenous
particulate OVA in association with class I MHC

The efficiency of exogenous antigen presentation with class
I MHC was evaluated using a KY/OVA peptide-specific T cell
hybridoma reporter system. B3Z is a T cell hybrid that
expresses the JacZ gene upon recognition of an OVA peptide
with the class I MHC molecule K®. Activated B3Z cells turn
red in the presence of X-Gal substrate, allowing simple deter-
mination of the number of activated B3Z. For exogenous par-
ticulate antigen, we first used OVA-conjugated beads, because
this system has been well characterized (Shen et al., 1997).
Treatment of DC with supematant of Bifidobacterium strains
resulted in a population of cells with an enhanced ability to
present particulate OVA (Fig. 1). SPM1204 and SPM1205
were higher than the ATCC Bifidobacterium spp. based on the
presentation of exogenous particulate antigen in association of
MHC class I. We wished to determine whether presentation of
exogenous OVA (10 pg/ml) could be enhanced by the culture
supernatant of two bifidobacteria strains. These strains could
enhance by 131.7 and 127.6% compared with cross-presenta-
tion to exogenous p-OVA only as a control.

Effect of bifidobacteria strains on NO production in
murine macrophage cell line, RAW 264.7

LPS was used as a positive control for macrophage activa-
tion. In the LPS (10 ng/ml) stimulated RAW 264.7 cell culture
system, NO production was examined through i-NOS expres-
sion by western blot (data not shown). When various amounts
of supernatants (12.5, 25, 50, 100 pl/ml) of two different bifi-
dobacteria strains were added to the culture media and cultured
for 12 hrs, nitric oxide as the form of nitrite was produced sig-
nificantly compared to LPS-stimulated cultures as a positive
control. In the case of SPM 1204, production of nitric oxide was
exceeded (73 uM respectively) that of control group of LPS-
treated (10 ng/ml) cultures (48.5 uM) at a concentration of 25
pl and increased in a dose dependent manner up to 100 pl of
each supernatant of SPM1204 and SPM1205 which gave 118
and 85 pM of nitrite products respectively (Fig. 2). When those
active supernatants of bifidobacteria strains were cultured with
combination of LPS did not give synergic effect of NO produc-
tion on the macrophage cell line (data not shown).
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Fig. 1. Effects of Bifidobacterium pseudocatenulatum SPM
1204 on DCs for cross presentation of an exogenous antigen (p-
OVA: 10 pg/mi). p-OVA were added to cultures of DC 2.4 cells
and treated with supernatants (20 pl/ml) of ATCC Bifidobacterium
spp. (ATCC15700, 15707), SPM1204, SPM1205 and then the
amounts of cross-presented OVA peptides were measured by
the lacZ T cell activation assay. The results are reported as a
meantS.D. of three.

Cytokines production by unstimulated and LPS-stimu-
lated in response to bifidobacteria strains

To determine whether two Bifidobacterium strains have a
direct effect on cytokine production, a biological assessment of
TNF-o and IL-1p activation was measured using the macroph-
age cell line. Co-stimulated of macrophages with both LPS
(100 ng/ml) and Bifidobacterium increased the production of
IL-1B synergistically (Fig. 3b). ATCC Bifidobacterium spp.
and two samples (SPM 1204 and SPM1205) increased TNF- o
productions in the absence of LPS in a dose dependent manner
(Fig. 3¢). Bifidobacteria increased TNF-o productions syner-
gistically in a dose dependent manner in the presence of LPS
(Fig. 3d). Western blot analysis (Fig. 4) showed that TNF-o
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Fig. 2. Effects of Bifidobacterium pseudocatenulatum SPM
1204 or 1205 on RAW 264.7 cells for NO production. NO
production was determined by the accumulation of nitrite using
an ELISA reader at 540 nm. The results are reported as a mean
+8.D. of three independent experiments.
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Fig. 3. TNF-a and IL-1pB production by Bifidobacterium pseudocatenulatum SPM 1204 or ATCC Bifidobacterium spp. in the murine
macrophage cell line. Supernatant (2.5, 5, 10 pl/ml) of four bifidobacteira strains on RAW cells. (a) and (c) without LPS, (b) and (d)

with LPS.

was produced by the supernatants of these two bifidobacteria
strains. SPM1204 differentially stimulated had a great effect on
macrophage activation according to the western blot analysis
(Fig. 4). Among them, much greater production of TNF-ot and
IL-1PB were generated by Bifidobacterium pseudocatanulatum
SPM1204 compared to other control bifidobacteria strains.

Effect of bifidobacterium strains on macrophage morphol-
ogy

Normal RAW cells, when cultured in a medium alone, tend
to be round in morphology (Fig. 5a). None appeared to spread
over the surface. The gradual changes of morphology in differ-
ent groups of cells, which were treated with LPS (100 ng/ml)
(Fig. 5b) alone, the supernatants of SPM1204 (3 pl/well) (Fig.
5¢), ATCC15707 (3 pl/well) (Fig. 5d), were examined. Those
treated with the supernatants of bifidobacteria were larger and
rougher than those exposed to medium or LPS only as well as
in a dose dependent manner (data not shown). These results
suggested that cells treated with the supernatants of Bifidobac-
terium strains were more activated than those exposed to either
media or LPS (100 ng/ml) alone.

IL-1p e B ’

SPM ATCC

Bifido.spp (1 u/ml) — — 1204 1205 15707
LPS(10ngm) — 4 4 4+ +

Fig. 4. Western Blot Analysis of the TNF-a and IL-1B in
lysates of RAW 264.7 cells (112 ug Protein/Lane). The
untreated cells and the cells incubated with LPS alone and with
supernatants of Bifidobacterium pseudocatenulatum SPM 1204
or 1205 or two bifidobacteira strains (1 pl/ml) were separated
by SDS-PAGE, transferred to a nitrocellulose and blotted with a
mouse monoclonal anti-TNF-a. or IL-1f antibodies. 1;cells, 2;
LPS (10 ng/ml), 3;Bifido.SPM1204, 4; Bifido.SPM1205, 5; AT
CC15707.

DISCUSSION

Bifidobacteria and other lactic acid bacteria have been previ-
ously shown to stimulate immune function (Lee et al., 1993).
Furthermore, bifidobacteria and other lactic acid bacteria can
improve antitumor activity of the host (Rafter, 1999). It has
been suggested that these activities may arise from their ability



Effect of Immune Response by Bifidobacterium pseudocatenulatum SPM 1204 in Murine Dendritic Cells and Macrophages 179
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Fig. 5. Macrophage morphological changes in response Bifido-
bacterium pseudocatenulatum SPM 1204 or ATCC Bifidobacterium
spp. Cells only (a), LPS (b), SPM1204 (¢), ATCC15707 (d).
The cells were fixed and stained in Diff-quick. Observed under
the light microscope at X 400.

to stimulate macrophage and T cell (Sekine et al., 1994) and
has been proposed to enhance immunity such as macrophage
and lymphocyte activation (Hatcher and Lambrecht 1993; Sek-
ine ef al., 1994) and antibody production (Yasui and Ohwaki
1991, Lee et al., 1993; Link-Amster ef al., 1994) against infec-
tion by various pathogenic organisms. However, the mecha-
nism whereby bifidobacteria may modulate the immune
responses remains unclear. Since cross presentation emerges to
be required for the effective generation of CTL responses, it is
interesting to see whether modulation of cross presentation
capability could be a feasible way of immunoregulators on the
cross presentation capability of DCs. This report demonstrates
that culture supernatants of two bifidobacteria isolated from the
feces of healthy adults can enhance presentation of exogenous
particulate antigen in the association of class | MHC by den-
dritic cell line (DC2.4).

Macrophages are important regulatory and effector cells that
play a central role in cell-mediated immunity because they
present antigen and mediate inflammatory, tumoricidal and
microbiocidal activity (Kovacsovics-Bankowski ef al., 1993).
These functions can be altered by a variety of stimulatory or
suppressive signals and are influenced by many environmental
factors. Numerous macrophage functions are mediated through

the release of different cytokines (Abbas ef al., 1994; Cavaillon
1994). Therefore, cytokine production is likely to be a good
indicator of the degree of macrophage activation. In the present
study, exposure of RAW 264.7 cell line to human bifidobacte-
rial isolates resulted in remarkable increases of NO, TNF-o
production. The culture supernatant of bifidobacteria was
found to stimulate macrophages to release TNF-o and NO pro-
duction. The increased production of NO, TNF-o by bifidobac-
teria observed in this study suggests that these may be key
factors for the increased phagocytosis and inhibition of tumor
cell proliferation observed by various investigators. Therefore,
these results demonstrate the ability of bifidobacteria to activate
macrophage and increase APC function through MHC class I.
This paper showed the other beneficial effects of the intake of
bifidobacteria are reported to include the reinforcement of
immune function. It was found that SPM1205 could activate
macrophage and enhance cross-presentation strongly. Further
research is needed to identify the effective components of this
Bifidobacterium.

Although bifidobacteria are now routinely incorporated into
dairy foods or pharmaceuticals, statements of specific benefits
from these products need to be further backed up by mechanis-
tic and clinical studies. This study provides some insights into
the mechanisms by which these organisms may provide health
benefits. The results reported here suggest that both human and
commercial isolates of bifidobacteria increase the secretion of
several macrophage mediators and thus could potentially mod-
ulate the host immune response.

REFERENCES

Abbas, A. K., Lichrman, A. H., Pobe, J. S. (1994). Cytokines:
Cellular and Molecular Immunology, second ed., pp. 240 W. B.
Saunders Co., Philadelphia, PA.

Bea, E. A, Kim, D. H., Han, M. J,, Park, H. Y., Choi, E. C. (1998).
Inhibitory effects of Bifidobacterium spp. isolated from a healthy
Korean on harmful enzymes of human intestinal microflora.
Arch. Pharm. Res. 21, 54-61.

Cavaillon, J. M. (1994). Cytokines and macrophages. Biomed.
Pharmacother. 48, 445-453.

Dufty, L. C., Zlelezny, M. 1., Riepenhoff-Talty, M., Dxyja, D.
(1994). Sayahtaheri-Altaie S, Griffiths E, Ruffin D, Barrett H,
Rossman J, Organ PL. Effectiveness of Bifidobaterium bifi-
dum in mediating the clinical course of murine rotavirus diar-
rhea. Pediatr. Res. 35, 690-695.

Gopal, A., Shah, N. P,, Roginski, H. (1996). Bile tolerance, tauro-
chloate deconjugation and cholesterol removal by Lactobacil-
lus acidophilius and bifidobacterium. Milchwissenschaft. 51,
619-623.

Han, M. J., Park, H. Y., Kim, D. H. (1999). Protective effects of
Bifidobacterium spp. On experimental colon carcinogenesis



180 Shinha Han et al.

with 1,2-dimethylhydrazine. J. Microbiol. Biotechnol. 9, 368-
370.

Hatcher, G E., Lambrecht, R. S. (1993). Augmentation of macroph-
age phagocytic activity by cell-free extracts of selected lactic
acid-producing bacteria. J. Dairy Sci. 76, 2485-2492.

Homma, N., (1998). Bifidobacteria as a resistance factor in
human beings. Bifidobact. Microfl. 7, 35-43.

Hosono, A., Lee, J., Ametani, A., Natsume, M., Hirayama, M.,
Adachi, T., Kaminogawa, S. (1997). Characterization of a
water-soluble polysaccharide fraction with immunopotentiat-
ing activity from Bifidobaterium adolescentis M 101-4. Bio-
sci. Biotech. Biochem. 61, 312-316.

Hughes, D. B., Hoover, D. G.. (1991). Bifidobacteria; their poten-
tial for use in American dairy products. Food. Technol. 45, 74-
83.

Kado-Oka, Y., Fujiwara, S., Hirota, T. (1991). Effects of bifido-
bacteria cells on monogenesis response of splenocytes and sev-
eral functions of phagocytes. Milchwissenshaft. 46, 626-630.

Kim, K. M., Kwon, Y. G, Chung, H. T,, Yun, Y. G, Pae, H. O.,
Han, J. A,, Ha, K. S, Kim, T. W,, Kim, Y. M. (2003). Metha-
nol extract of Cordyceps pruinosa inhibits in vitro and in vivo
inflammatory mediators by suppressing NF-xB activation. Tox-
icology and applied pharmacology. 190, 1-8.

Kovacsovics-Bankowski, M., Clark, K., Benacerraf, B., Rock, K.
L. (1993). Efficient major histocompatibility complex class 1
presentation of exogenous antigen upon phagocytosis by mac-
rophages. Proc. Natl. Acad. Sci. UAS 90, 4942-4946.

Kumann, J. A, Raric, J. L. (1998). The health potential of prod-
ucts containing bifidobacteria. In: Robinson, R.K. (Ed.), Ther-
apeutic Properties of Fermented Milks. pp.117 Elsevier Appl.
Sci. London, England.

Lee, J., Ametani, A., Enomoto, A., Sato, Y., Motoshima, H., Ike,
F., Kaminogawa, S. (1993). Screening for the immunopotenti-
ating activity of food microorganisms and enhancement of the
immune response by Bifidobaterium adolescentis M101-4,
Biosci. Bitotech. Biochem. 57, 2127-2132.

Link-Amster, H., Rochat, F., Saudan, K. Y., Mignot, O., Aeshli-
mann, J. M. (1994). Modulation of a specific humoral immune
response and changes in intestinal flora mediated through fer-
mented milk intake. FEMS Immunol. Med. Microbiol. 10, 55-
64.

Lorsbach, R. B., Murphy, W. J., Lowenstein, C. J., Sayder, S. H.,
Russell, S. W. (1993). Expression of the nitric oxide synthase
gene in the mouse macrophages activated for tumor cell kill-

ing. Molecular basis for the synergy between interferon-gamma
and lipopolysaccharide. J. Biol. Chem. 268, 1908-1913.

Mitsuoka, T. (1982). Recent trends in research on intestinal flora.
Bifidobact. Microfl. 1, 3-24.

Mitsuoka T. (1994) Taxonomy and ecology of bifidobacteria.
Bifidobact. Microfi. 3, 11-28.

Rafter, J. J. (1999). The role of lactic acid bacteria in colon can-
cer prevention. Scand. J. Gastroenterol. 30, 497-502.

Roy, D., Ward, P. (1990). Evaluation of rapid methods for differ-
entiation of bifidobacterium species. J. Appl. Bacteriol. 69,
739-749.

Sasaki, T., Fukami, S., Namioka, S. (1994). Enhanced resistance
of mice to Escherichia coli infection induced by administra-
tion of peptidoglycan derived from Bifidobaterium thermophi-
lum. J. Vet. Med. Sci. 53, 433-437.

Sekine, K., Watanabe-Sekine, E., Toida, T., Kasashima, T,
Kataoka, T., Hashimoto, Y. (1994).Adjuvant activity of the cell
wall of Bifidobacterium infantis for in vivo immune responses
in mice. Immunopharmacol. Immunotoxicol. 16, 589-609.

Shen, Z., Reznikoff, G., Dranoff, G., Rock, K. L.(1997). Cloned
dendritic cells can present exogenous antigens on both MHC
class I and class II molecules. J Immunol. 158, 2723-2730.

Stuehr, D. J., Nathan, C. F. (1989). Nitric oxide, a macrophage
product responsible for cytostasis and respiratory inhibition in
tumor target cells. J. Exp. Med. 169, 1543-1555.

Takahashi, T., Oka, T., Iwana, H., Kuwata, T., Yamamoto, Y.
(1993). Immune response of mice to orally administered lactic
acid bacteria. Biosci. Biotech. Biochem. 57, 1557-1560.

Yamazaki, S., Tsuyuki, S., Akashiba, H., Kamimura, H.,
Kimuura, M., Kawashima, T., Ueda, K. (1991). Immune
response of Bifidobaterium-monoassociated mice. Bifidobact.
Microfl. 10, 19-31.

Yasui, H., Ohwaki, M. (1991). Enhancement of immune response
in Peyer’s patch cells cultured with Bifidobaterium breve. J.
Dairy Sci. 74, 1187-1195.

Yasui, H., Nagaoka, N., Mike, A., Hayakawa, K., Ohwaki, M..
(1992). Detection of Bifidobaterium strains that induce large
quantities of IgA. Microbial. Ecol. Health Dis. 5, 155-162.

Yeh, K. Y., McAdam, A. J., Pulaski, B. A., Shastri, N., Frelinger,
J. G, Lord, E. M. (1998). IL-3 enhances both presentation of
exogenous particulate antigen in association with class I major
histocompatibility antigen and generation of primary tumor-
specific cytolytic T lymphocytes. J. Immunol. 160, 5773-5780.



