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Abstract
The comparative immunomodulatory effects of β-glucans isolated from mushroom fungi (Coriolus versicol), 

yeast (Saccharomyces cerevisiae) and bacteria (Agrobacterium) on the major functions of macrophages were 
evaluated. As parameters of macrophage functions, we examined tumoricidal activity, phagocytosis, nitric oxide 
(NO) production, and the induction of inducible NO synthetase (iNOS) in RAW264.7 cells, following treatments 
with β-glucans from the three different sources. The results indicated that all β-glucan treatments significantly 
induced tumoricidal activity in the RAW264.7 cells, with a remarkable effect shown by the beta-glucan from 
Agrobacterium at a concentration of 10 µg/mL. There was also a significant increase in iNOS-NO system activity 
in macrophages treated with β-glucans extracted from yeast; however, iNOS-NO system activity was not markedly 
changed by the treatment of β-glucans from C. versicolor mushroom fungi or Agrobacterium. Furthermore, the β- 
glucans from C. versicolor had a significant phagocytotic effect at concentrations of 1, 10, and 100 µg/mL. Taken 
together, the present data suggest that these β-glucans, isolated from three different sources, have different effects 
on macrophage function, and therefore, may have different clinical uses in different for various types of diseases. 
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INTRODUCTION

β-Glucans are naturally occurring (1→3)-β-D-linked 
polymers of glucose, which are found in the cell walls 
of certain pathogenic bacteria and fungi (1-3). β-Glucans 
can be isolated from almost every species of yeast. In 
addition, they can be isolated from bacteria, mushrooms, 
algae, and cereal grains. The structure of β-glucans de-
pends on both the source and type of isolation. Different 
physicochemical parameters such as solubility, primary 
structure, molecular weight, and branching play a role 
in the biological activities of β-glucans (4). β-Glucans 
are widely used as dietary supplements and in anticancer 
therapy, with well-established stimulating effects on the 
immune defense system. Many studies have demon-
strated that β-glucans, either in particulate or soluble 
forms, have stimulating effects on innate immune cells 
[macrophages, neutrophils (PMN), and natural killer 
(NK) cells], on antibacterial and anti-tumor activities, 
and on the production of cytokines (5,6). 

Macrophages are considered important components of 

innate immune responses against bacterial infections and 
cancer (7,8). This host wide system of macrophages un-
dergoes four developmental changes in response to vari-
ous signals, and these developmental changes are accom-
panied by a gain of some functions and a loss of other 
functions. According to their activation status, the cells 
in each corresponding stage are called resident-, in-
flammatory- (or responsive), primed-, or fully activated- 
macrophages in murine systems, respectively (9,10). It 
is well known that exposure to IFN-γ and LPS, in vitro, 
causes a drift of inflammatory macrophages into the fully 
activated stage by acquiring the capacity to kill tumor 
cells. During development into the next stage, macro-
phages undergo an induction of phagocytic activity and 
have an increase in the secretion of various materials 
such as cytokines and reactive intermediates to carry out 
nonspecific immune responses (9,11). In particular, there 
has been great interest in the reactive nitrogen inter-
mediate, nitric oxide (NO), which is considered to be 
a central molecule in the regulation of the immune re-
sponse to tumors, owing to its cytotoxic effects (12-14). 
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It is also known that inducible nitrogen synthase (iNOS) 
is expressed in many different cell types and the level 
of iNOS is proportional to the level of NO (14). In the 
present study, we examined the comparative immuno-
modulatory effects of β-glucans from yeast, bacteria, and 
mushroom sources on the tumoricidal activity, phag-
ocytic activity, and iNOS-NO system activity of macro-
phages. 

MATERIALS AND METHODS

Preparation of β-glucans from bacteria, yeast, and 
mushrooms 

Bacterial β-glucans (MW 3×105 Da) from 
Agrobacterium species (above 85% purity) were ob-
tained from DMJ Biotech Corp. (Yeongi-gun, 
Chungcheongnam-do). The yeast β-glucans originated 
from Saccharomyces cerevisiae (minimum purity 98%) 
and were purchased (G5011; Sigma, USA). The mush-
room β-glucans were isolated from Coriolus versicolor. 
The process for isolating and purifying the water-soluble 
glucans from C. versicolor included hot water extraction, 
filtration, solvent precipitation, dialysis, and freeze- 
drying. The acidic fractions of the polysaccharide were 
separated from crude polysaccharides by DEAE-cellu-
lose anion exchange chromatography at 0.7 M NaCl. The 
molecular weight of the proteo-heteroglycan after 
Sepharose CL-4B gel filtration chromatography was ap-
proximately 750 kDa. This product was shown to contain 
an 85% purity level. 

Cell culture
The mouse monocyte/macrophage cell line, RAW264.7, 

was maintained in RPMI 1640 medium (Cambrex, 
Walkersville, MD) supplemented with 10% fetal bovine 
serum (Cambrex) and 2% penicillin/streptomycin 
(Cambrex) and was incubated at 37oC in 5% CO2.

MTT assay for cell viability
Cell viability was determined by a 3-(4,5-dimethyl-

thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) as-
say as described previously (15). Briefly, the cells were 
seeded in 96-well plates at a density of 5×104 cells per 
well and incubated with various concentrations of two 
reagents for 24 hr. The cells were washed once with 
D-PBS, and 200 μL of MTT solution (25 μg/mL in me-
dia) was added to each well. After incubation at 37oC 
under 5% CO2 for 4 hr, the MTT solution was carefully 
discarded and the formazan blue crystals formed by the 
reduction of MTT were dissolved in 150 μL of DMSO. 
The amount of formazan was determined by absorbance 
at 540 nm using a microplate reader (Menlo Park, CA). 

NBT assay for phagocytosis
Phagocytosis was measured by a nitro blue tetrazolium 

(NBT) reduction assay as described previously (16). The 
cells were seeded in 96-well plates at a density of 5×104 
cells per well and incubated with various concentrations 
of two reagents for 24 hr. The cultured media was then 
removed, and 50 μL of zymosan (5×106 particles/mL) 
and 0.6 mg/mL of NBT were added to each well. After 
an additional incubation for 1 hr, the cells were washed 
twice with cold D-PBS and the optical density of the 
reduction product of NBT (a purple insoluble formazan) 
was determined at 540 nm using a microplate reader. 

Macrophage-mediated tumoricidal activity 
The assay for macrophage cytotoxicity was based on 

an assay described elsewhere (8). Briefly, the macro-
phages (1×105 cells/well) from mice were first in-
cubated in either medium alone or in medium supple-
mented with various doses of two reagents for 24 hr 
in 96-well plates. The macrophages were then washed 
with RPMI-FBS to remove the two reagents and co-in-
cubated with B16 melanoma cells (1×104 cells/well; ef-
fector : target cell ratio of 10:1). After 24 hr, the plates 
were stained with crystal violet containing 10% form-
aldehyde for 15 min. The absorbance of each well was 
determined at 540 nm using a Molecular Devices micro-
plate reader (Menlo Park, CA, USA). Cytotoxic activity 
was expressed as the percentage of tumor cytotoxicity 
by the following formula: [1－{OD of (target cells＋
macrophages)－OD of macrophages}/OD of target 
cells]×100, where the OD of target cells is the optical 
density of B16 melanoma cells and the OD of macro-
phages is the optical density of the macrophages.

Nitrite determination 
The cells were treated with various concentrations of 

two reagents for 24 hr and the accumulation of nitrite 
in the culture supernatant was measured as described by 
Ding et al (17). Here, 100 μL aliquots of the culture 
supernatant were mixed with an equal volume of Griess 
reagent (1:1 mixture of naphthylethylenediamine dihy-
drochloride and 1% sulphanilamide in 5% H3PO4) and 
incubated at room temperature for 10 min. The nitrite 
concentration was calculated from a NaNO2 standard 
curve.

Western blot analysis
The amount of iNOS was measured by Western blot 

analysis. After 6 hr of incubation with or without two 
reagents, the cells in 6-well plates were lysed in sodium 
dodecylsulfate polyacrylamide gel electrophoresis buffer. 
The protein concentrations were measured using the DC 
Protein Assay (Bio-Rad Laboratories, Hercules, CA, 
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USA). Twenty micrograms of each sample were electro-
phoresed on 10% sodium dodecylsulfate polyacrylamide 
gel electrophoresis gels and transferred to Hybond-ECL 
nitrocellulose membranes (Amersham Biosciences, 
Piscataway, NJ, USA). The membranes were blocked 
with 5% skim milk in Tris-buffered saline/non-fat Tween 
for 1 hr. The membranes were incubated with primary 
antibody against iNOS for 24 hr. They were then washed 
with Tris-buffered saline/non-fat Tween once for 15 min 
and three times for 5 min, and were incubated with sec-
ondary ALP-conjugated anti-rabbit antibody for 1 hr. 
The membranes were then washed again as described 
above. Autoradiography was carried out using an en-
hanced chemiluminescence kit (Amersham Bioscience).

Statistical analysis
The data are presented as means±SEM The statistical 

differences between groups were determined using 
one-way analysis of variance (ANOVA) with a Dunnett's 
t-test. The significant values are represented by an aster-
isk (*p<0.05, **p<0.01).

RESULTS 

Effects of β-glucans on cell viability
To determine the optimal concentrations of the β

-glucans from yeast, bacteria, and mushrooms for their 
immuno-stimulating activity in macrophages, we eval-
uated the cell viability or proliferation effects of the vari-
ous β-glucans in RAW264.7 cells. None of the β-glucans 
had effects on cell viability or cell proliferation (data 
not shown). Therefore, in all subsequent experiments, 
the β-glucans were used at concentrations of 1 to 100 
μg/mL for 24 hr.

The effects of β-glucans on phagocytosis
Phagocytosis is the primary activity of macrophages 

and is responsible for a diverse range of antimicrobial- 
and cytotoxic-activities, including respiratory burst, the 
secretion of inflammatory mediators, and antigen 
presentation. In this study, we examined the effects of 
three β-glucans on the phagocytosis of macrophages. As 
shown in Fig. 1A and B, the yeast β-glucans increased 
the phagocytotic activity of the macrophages at 100 μg/ 
mL, whereas the bacterial β-glucans increased phag-
ocytotic activity at a lower concentration of 1 μg/mL, 
and the treatment of the mushroom β-glucans increased 
phagocytotic activity in a dose-dependent manner (Fig. 1C). 

The effects of β-glucans on tumoricidal activity in 
macrophages

To examine whether the three β-glucan treatments 
would stimulate tumoricidal activity in macrophages 
against target tumor cells, the macrophages were co-cul-
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Fig. 1. Effects of β-glucans from yeast (A), bacteria (B), and 
mushrooms (C) on phagocytosis in RAW264.7 cells. The cells 
were treated with the three types of β-glucans for 24 hr, 
respectively, and then incubated with media containing 
zymosan (1×106 particles/mL) and NBT (0.6 mg/mL) for 1 
hr. Formazan formation was measured at 540 nm. The data 
represent the mean±SEM of quadruplicate experiments. 
*p<0.05, **p<0.01; significantly different from the control (no 
treatment).

tured with B16 cells for 24 hr. The B16 tumor cells 
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were used as a target since they are known to be either 
TNF-α or NO sensitive. As shown in Fig. 2, all β-glucan 
treatments increased the tumoricidal activity of the 
macrophages. The bacterial β-glucans enhanced tumor-
icidal activity at 1, 10, 100 μg/mL; however, the 100 
μg/mL treatment had a lower stimulating effect than the 
1 and 10 μg/mL treatments (Fig. 2B). These results were 
similar to those for phagocytotic activity (Fig. 1B). 

The effects of β-glucans on nitric oxide production 
and iNOS gene expression

NO is related to the cytotoxic ability of macrophages 
against a variety of tumors and microorganisms, and it 
is produced in high amounts by iNOS in activated mac-
rophages (13,14). We, therefore, examined the dose-de-
pendent effects of the β-glucans from different sources 
at various concentrations on NO production and iNOS 
gene expression (Fig. 3). As shown in Fig. 3A and B, 
iNOS-NO system activity was significantly increased by 
the yeast β-glucans. Moreover, there was a significant 
increase in NO production by the bacterial β-glucan 
treatment at 100 μg/mL, and it also increased iNOS ex-
pression at 1, 10, and 100 μg/mL (Fig. 3C, Fig. 3D). 
The mushroom β-glucans increased iNOS-NO system 
activity at the lower concentration of 1 μg/mL, but iNOS 
expression was only slightly increased at the concen-
tration of 10 μg/mL (Fig. 3E, Fig. 3F).  

DISCUSSION

It is common knowledge in the scientific community 
that β-glucans are the most powerful known immune 
stimulants, and are very powerful antagonists to both be-
nign and malignant tumors; they also lower cholesterol 
and triglyceride levels, normalize blood sugar levels, 
heal and rejuvenate the skin, and have various other ben-
efits (18). In the present study, our data demonstrate that 
β-glucans from yeast, bacteria, and mushroom have dif-
ferential immunomodulatory effects on tumoricidal ac-
tivity, phagocytic activity, and iNOS-NO system activity 
in RAW264.7 cells. These differential effects might be 
due to differences in their β-glucan structures. Previous-
ly, it was shown that β-glucans derived from various 
sources have certain structural differences (19). β- 
Glucans are a heterogeneous group of glucose polymers, 
consisting of a backbone of β(1,3)-linked β-D-glucopyr-
anosyl units with β(1,6)-linked side chains of varying 
distribution and length. These structural differences re-
sulting from variations in the side chains might be im-
plicated in the activity of β-glucans (20). Bacterial β
-glucans are primarily linear with large regions of β(1,4) 
linkages separating shorter stretches of β(1,3) structures. 
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Fig. 2. Effects of β-glucans from yeast (A), bacteria (B), and 
mushrooms (C) on tumoricidal activity in RAW264.7 cells. 
The cells were co-cultured with target cells (B16) at an 
effector/ target ratio of 10:1 for 24 hr in the presence or 
absence of various doses of the three types of β-glucans, 
respectively. Macrophage tumoricidal activity was calculated 
as described in the Material and Methods. The formation of 
formazan by the  macrophages was determined by MTT assay. 
Cell density was measured at 540 nm. The data represent the 
mean±SEM of quadruplicate experiments. *p<0.05, **p<0.01; 
significantly different from the control (no treatment).
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Fig. 3. The effects of β-glucans from yeast (A, B), bacteria (C, D), and 
mushrooms (E, F) on the production of nitrite and iNOS gene expression 
in RAW264.7 cells. The cells (1×104 cells/well) were treated with vari-
ous concentrations of the three types of β-glucans for 24 hr. Culture 
supernatants were collected and the levels of nitrite were measured as 
described in the Materials and Methods. The data represent the 
mean±SEM of quadruplicate experiments. *p<0.05, **p<0.01; sig-
nificantly different from the control (no treatment). The RAW264.7 cells 
were treated with two reagents for 24 hr. Total protein was extracted 
and subjected to Western blot analysis for iNOS and β-actin genes.
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Mushroom β-glucans have short β(1,6)-linked branches 
coming off of the β(1,3) backbone. Yeast β-glucans have 
β(1,6) branches that are further elaborated with addi-
tional β(1,3) regions (20). These secondary structures 
confer the biological functions of β-glucans on immune 
activities, by allowing interaction with their corre-
sponsive receptors on cell surfaces. Each fragmented 
component binds to different β-glucan receptors, and the 
binding between receptors on macrophage surfaces is re-
sponsible for stimulating the immune system. 

Several macrophage receptors are reported to recog-
nize and bind β-glucans. For example, monocyte/macro-
phage scavenger receptors (SRs) and Dectin-1 were re-
ported to bind β-glucan (21,22). Also, TLR4 is important 
in mediating responses to mushroom-derived poly-
saccharide-protein complexes, as this receptor was found 
to be required for macrophage activation by glyco-
proteins isolated from Ganoderma lucidum and Poria 
cocus (23-25). Vereschagin et al. (21) extended this ob-
servation by demonstrating that β-glucan interactions 
with macrophage SRs protects against endotoxic shock. 
This suggests that macrophage SRs may be involved in 
β-glucan recognition and signaling. Rice et al. reported 
that human monocyte SRs recognize and interact with 
(1→3)-β-D-glucan polymers. The interaction of β
-glucans and SRs is influenced by polymer structure, 
polymer charge, and other undefined parameters (26). 
Herre et al. showed that Dectin-1 mediates the internal-
ization of β-glucan bearing ligands, including yeast par-
ticles (27). Even though several β-glucan receptors are 
known to recognize the basic β-glucan structure, detailed 
structural determinants and other influencing factors in 
the β-glucan-recpetor interaction remain to be defined. 
A comparison of our results with those of other re-
searchers suggests that different glucan sources may dif-
fer in their degree of heterogeneity and that the major 
β-(1→3)-glucan component may vary considerably in its 
degree of branching and interaction with proper 
receptors. Therefore, the binding of β-glucans to their 
specific receptors can elicit a serial cellular response by 
modulating the activities of various factors including cy-
tokines, chemokines, transcriptional factors, and growth 
factors (18).

In activated macrophages, there is a high level of NO 
produced by induced iNOS and this high amount of NO 
mediates the anti-bacterial and tumoricidal actions of 
macrophages. Thus, an increase in NO production can 
result in enhanced tumoricidal activity. In our study, it 
was shown that the different β-glucans stimulated tumor-
icidal activity as well as the NO-iNOS activation system; 
however, there seemed to be no consistent correlations 

between the tumoricidal and NO-iNOS activation effects 
of the β-glucans, suggesting that tumoricidal activity is 
not tightly associated with the NO-iNOS activation 
system. Therefore, we did not exclude the possibility that 
other mediators such as TNF-α and reactive oxygen in-
termediates are involved in the stimulatory effects of var-
ious β-glucans on tumoricidal activity. 

It is unclear why a high concentration of bacterial β- 
glucans resulted in reductions of phagocytotic and tu-
moricidal activity. It is plausible that the cells became 
desensitized by the high concentration of β-glucans, sub-
sequently causing the modification of receptor mole-
cules. In previous studies we found that β-glucans from 
C. versicolor increased SR-A1 expression at 1 and 10 
μg/mL, whereas at 100 μg/mL they decreased SR-A1 
expression (data not shown, in press). Thus, β-glucan 
treatments at high concentrations might decrease the ex-
pression of certain receptors, and then also decrease the 
β-glucan signal. 

In conclusion, which might be applied to different 
types of diseases in clinical situations. 　
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