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Immunological responses of human peripheral blood mononuclear cells
(PBMCs) derived from healthy donors cultured with -1.3-1.6 glucan
produced by Aureobasidium pullulans

Nobunao IKEWAKI *Noboru FUJII **Takashi ONAKA *** Hiromichi YAMAO ***Hiroshi INOUE

Abstract
We have succeeded in purifying a new 8-1.3-1.6 glucan produced by the black yeast Aureobasidium

pullulans (A. pullulans) FO68, and reported that this 3-1.3-1.6 glucan has unique immunological actions

such as interleukin-8 (IL-8) production in the human monocyte-like cell line U937 and the acquisition of

natural killer (NK) activity in mouse peritoneal cells. In this study, we investigated some immunological

responses of the £-1.3-1.6 glucan on human peripheral blood mononuclear cells (PBMCs) derived from

healthy donors. The *H-thymidine incorporation rates (cell proliferation) of the human PBMCs cultured

with £-1.3-1.6 glucan were significantly enhanced, and this enhancement was completely blocked in the

presence of the CD11a (lymphocyte-function associated antigen-1: LFA-1) monoclonal antibody, mNI-58A.

Furthermore, production of IL-8 into the culture supernatants from the human PBMCs cultured with 8-

1.3-1.6 glucan was also significantly augmented. These findings strongly indicate that the £-1.3-1.6 glucan

produced by A. pullulans FO68 sufficiently enhanced some immune responses of human PBMCs.
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Introduction

Glucans formed by linking of many glucose molecules
have several interesting properties, and are structurally
divided into the two types of «-glucan and f-glucan
depending on the mode of bonding. Glucan is contained
in extracts of many species of mushrooms, and has some
immunological activity capability . In particular, £ -
glucan has been found to activate an anti-cancer action
accompanied by the production of interleukin-2 (IL-2),
interferon-y (IFN-y), interleukin-12 (IL-12) or tumor
necrosis factor- « (TNF-« ), and to lead cytotoxic
activity against cancer cells*®, These findings indicate

that @-glucan enhanced the immunomodulating activity

underlying the activation of human peripheral blood
mononuclear cells (PBMCs) including lymphocytes,
monocytes, macrophages, granulocytes, and NK cells. In
general, the action of the £ -glucan type of glucans is not
due to their direct action on cancer cells as is the case
with chemical anti-cancer drugs, which depends on the
immunological enhancement of organisms such as a
biological response modifier (BRM) ?.

Recently we have succeeded in purifying a g-1.3-1.6
glucan produced by the yeast Aureobasidium pullulans
FO68 ®, which contains about ten fold the quantity of -
1.3-1.6 glucan compared with mushrooms. In this study,
to refine the immunological actions of §-1.3-1.6 glucan
as a BRM to human PBMCs, we investigated the
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immunological responses of human PBMCs cultured
with $5-1.3-1.6 glucan such as *H-thymidine
incorporation rates (cell proliferation) and IL-8

production.
Materials and Methods

Donors

We examined the human PBMCs derived from 20
healthy donors (mean age 38.3+8.6, 4 males and 16
females). Informed consent was obtained from all

donors.

Reagents

A monoclonal antibody (mAb), mNI-58A% was
established in our laboratories. An enzyme-
immunoassay (EIA) kit for IL-8 assay was purchased
from TFB Co. (Tokyo, Japan).

Preparation of human PBMCs

The human PBMCs obtained from 20 healthy donors
were isolated by Ficoll-Paque (Pharmacia, Uppsla)
density sedimentation as previously described®.

Purification of $-1.3-1.6 glucan produced by A.pullulans
Purification of the pB-1.3-1.6 glucan produced by A.
pullulans FO68 was performed following Hayashi's
method ©,

Cell proliferation assay cultured with 3-1.3-1.6 glucan
Human PBMCs (5x10%) in RPMI 1640 medium
supplemented with 20% human serum (HS) (referred to
as complete medium) were put into 96-well microplates
(Sumitomo Co. Japan) and cultured with #-1.3-1.6
glucan (50  g/ml) in the presence and absence of mNI-
58A (20 ¢ g/ml) for 5 days in a CO2 incubator. Cell
proliferation measured by *H-thymidine incorporation
was assayed by liquid scintillation spectroscopy.
Morphological changes of the cells cultured with or
without £-1.3-1.6 glucan (50 x g/ml) were observed

under a phase-contrast microscope (Olympus, Japan).

Assay of IL-8
The amount of IL-8 in the culture supernatants of the
human PBMCs cultured with or without 8-1.3-1.6

glucan (50 2 g/ml) was assayed with an EIA kit.

Statistical analysis

The results shown are the mean rates of *H-thymidine
incorporation (counts per minute; cpm)=+standard
deviation (SD) for the 20 human PBMCs cultures.
Statistical analysis was performed using the unpaired
Student's t test. A difference was considered significant
when the Pvalue was less than 0.05.

Results and Discussion

In this study, we investigated some immunological
responses of the PBMCs derived from 20 healthy donors
cultured with £-1.3-1.6 glucan (50 x g/ml) produced by
the black yeast A.pullulans FO68. As shown in Figure 1,
£ -1.3-1.6 glucan significantly enhanced *H-thymidine
incorporation rates (cell proliferation) of the human
PBMCs. The difference between the presence and
absence of f3-1.3-1.6 glucan was significant (P<0.01).
These findings indicates that -1.3-1.6 glucan as a
mitogenic substance effectively induced the promotion
of cell division (DNA-synthesis). Next, to examine the
morphological characteristics of the human PBMCs
cultured with B-1.3-1.6 glucan, these cells were
incubated for 5 days at 37°C, and observed under a
phase-contrast microscope. As shown in Figure 2, the
morphological changes (blast formation) of human
PBMCs cultured with 3-1.3-1.6 glucan were dramatically
induced. These findings indicate that -1.3-1.6 glucan
also has an ability to augment the immunological actions
of the human PBMCs in the morphological level. In
addition, the enhancement of 3H-thymidine
incorporation rates of the human PBMCs cultured with
B -1.3-1.6 glucan was completely blocked in the presence
of CD11a (Ilymphocyte-function associated antigen-1:
LFA-1) mAb, mNI-58A (20 4 g/ml) at the optimum
concentration (Fig.3). CD1la is a member of the -2
integrin family of adhesion molecules. This molecule is
mainly expressed on all lymphoid cells and plays an
important role in the regulation of various immune
responses, such as cell proliferation/differentiation and
immunoregulatory cytokine production *. Our data
strongly reveal that enhancement of *H-thymidine

incorporation rates in the human PBMCs cultured with
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£-1.3-1.6 glucan is mainly mediated by the CD1la (LFA-
1) molecule.

We also measured IL-8 in the culture supernatant of the
human PBMCs cultured with or without £5-1.3-1.6
glucan with EIA kits. Figure 4 shows that 8-1.3-1.6
glucan significantly enhanced IL-8 production (about
two-fold) at 96 hrs, and the difference between the
presence and absence of 8-1.3-1.6 glucan was significant
(P<0.01). By contrast, no other cytokines such as IL-1
8, IL-6 and IL-12 (p70+40) were detected in the culture
supernatant under the same conditions (data not shown).
IL-8 is one of the most potent chemoattractants for
neutrophils, and it is released by endothelial cells,
human alveolar macrophages, bronchial epithelial cells,
fibroblasts, mast cells, and neutrophils stimulated by
various substances 2. Although the detailed mechanism

of IL-8 production from the human PBMCs in response

to f#-1.3-1.6 glucan remains largely unknown at the

present time, it was recently reported that the
synergistic action of fungal (1— 3)- 8 -D-glucan
schizophyllan (SPG) and platelets strongly induced IL-8
production by human PBMCs . This finding suggests
that platelets play a key role in the IL-8 production from
the human PBMCs cultured with g -glucan.

The B-glucan isolated from the mashroom family has
been medically investigated ¥, and medicinal mushrooms
are recognized as a source of anti-tumor,
immunostimulation compounds, and pharmacological
agents for clinical applications . In this study, we
provided the evidence that the p-1.3-1.6 glucan
produced by A. pullulans enhanced some immunological
responses of the human PBMCs as a BRM. Further
studies will be necessary to analyze the detailed
mechanism(s) of 8-1.3-1.6 glucan at the molecular,

cellular and clinical levels.
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Figure 1. Human PBMCs (5x10%) in RPMI 1640 medium
supplemented with 20% HS were put into 96-well microplates and
cultured with g-1.3-1.6 glucan (50 ¢ g/ml) for 5 days. Cell
proliferation measured by *H-thymidine incorporation was
assayed by liquid scintillation spectroscopy. The difference
between the findings in the presence and absence of 5-1.3-1.6
glucan is significant. *P<0.01

Figure 2. Morphological changes of the human PBMCs cultured
with or without £-1.3-1.6 glucan (50 x g/ml) for 5 days were
observed under a phase-contrast microscope. A: without 5-1.3-
1.6 glucan. B with g-1.3-1.6 glucan.
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Figure 3. Human PBMCs (5x10%) in RPMI 1640 medium
supplemented with 20% HS were put into 96-well microplates and
cultured with 8-1.3-1.6 glucan (50 # g/ml) in the presence and
absence of CD11a (LFA-1) mAb, mNI-58A (20 x g/ml). Cell
proliferation measured by *H-thymidine incorporation was
assayed by liquid scintillation spectroscopy. The difference
between the findings in the presence and absence of mNI-58A is
significant. *P<0.01
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Figure 4. The amount of IL-8 in the culture supernatants of the
human PBMCs cultured with or without 2-1.3-1.6 (50 4 g/ml)
glucan was assayed with an EIA kit. The difference between the
findings in the presence and absence of £-1.3-1.6 glucan is
significant. ¥P<0.01
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