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A B cell-specific growth substance (BGS) was isolated
from the slime layer of Bacillus licheniformis E1. Unlike
LPS, the BGS was not affected by polymixin B, an
inhibitor of LPS, or by TLR4, and resulted in the growth
of B cells. When BALB/c mice were treated with the BGS,
the B cell population was found to increase in both the
bone marrow and the spleen, with a marked increase after
24 h in the bone marrow and after 48 h in the spleen.
When using antibodies to B cell lineage-restricted surface
molecules to analyze the B cell population changes resulting
from treatment with the BGS, an increase in immature B
cells (IgM" and AA4.1") and mature B cells (IgM" and
IgD") was found in the bone marrow 24 h after treatment
with the BGS, whereas a decrease in mature B cells and
increase in IgG” B cells were found in the spleen. When the
BGS and OVA antigen were injected into the peritoneal
cavity of BALB/c mice, this resulted in a high OVA-
specific antibody titer in the sera, similar to that induced
by aluminum hydroxide. Therefore, it is anticipated that
the mass production of the BGS by B. licheniformis E1
could be used for studies of B cells in immunology, and
contribute to the development of a new adjuvant for
vaccine manufacture.

Keywords: Adjuvant, Bacillus licheniformis E1, B cell-
specific growth substance (BGS), immunomodulator

Immunomodulators are substances that can affect the
host immune response by increasing or suppressing the
growth, differentiation, and activities of immune cells [12,
18]. Proteins, glycoproteins, peptides, lipopolysaccharides
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(LPS), and lipid derivatives [33] are all well-known
immunomodulators. Although some of these substances
are derived from animals and plants, they are mainly produced
by microorganisms.

Polysaccharide A (PS A) [34], B-(1-3)-glucans [25, 35],
mannan [36], krestin (PSK), polysaccharopeptide (PSP)
[23], and hyaluronic acid (HA) [30] are some of the
currently known immunomodulators derived from microbes,
and such polymers unusually increase the activities of T
cells or antigen-presenting cells (APCs) [33].

Some substances function as T cell-independent antigens in
the host immune system that differentiate B cells as short-lived
effector cells with no immunologic memory by stimulating B
cells without any help from T cells, and also function to induce
the production of low-affinity IgM and IgG antibodies [1, 31].
Known examples include LPS from Gram-negative bacteria,
the immunostimulating factor (ISTF) of Actinobacillus
actinomycetemcomitans, macrophage-activating lipopeptide-
2 (MALP-2) of Mycoplasma fermentans, and outer surface
lipoprotein A (OspA), which is a lipoprotein from Borrelia
burgdorferi. LPS is a typical bacterial B cell mitogen that
induces the differentiation of B cells and also promotes the
expression of IgM on the surface of B cells [21]. Meanwhile,
ISTF not only proliferates B cells and APCs, but also
induces the production of IL-6 and tumor necrosis factor-ou
(TNF-a) [17], MALP-2 increases the proliferation and
differentiation of B cells through Toll-like receptor 2 (TLR2)
in a T cell-independent manner [5], and OspA is known to
proliferate B cells through CD40/CD40L interaction [31].

In a previous report, the current authors separated a
B cell-specific growth substance from a slime layer of
Bacillus licheniformis E1 [8]. This study investigated the
impact of the growth substance on the different stages of B
cell differentiation, while also evaluating the effectiveness
of the growth substance as an adjuvant.
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MATERIALS AND METHODS

Animals

BALB/c, C3H/Hel, and C3H/HeN female mice between 6 and 7
weeks of age were purchased from Orientbio (Seoul, Korea) and
Central Lab. Animal (Seoul, Korea). The animals were maintained
and used in accordance with guidelines prepared by Yonsei
University College of Medicine (Seoul, Korea), which has been
fully accredited by the Association for Assessment and Accreditation
of Laboratory Animal Care, International (AAALAC) for the care
and use of laboratory animals.

Reagents

The aluminum hydroxide (Al), Freund’s complete adjuvant (FCA),
Freund’s incomplete adjuvant (FICA), LPS (from Escherichia coli,
serotype 0111:B4), ovalbumin (OVA), peroxidase substrate, and
polymixin B (PMB) were all purchased from Sigma-Aldrich
(Steinheim, Germany), and the EZ-link Sulfo-NHS-LC-biotinylation
kit used to biotinylate the OVA was purchased from Pierce
(Rockford, IL, U.S.A.).

Antibodies
The antibodies used for the cell staining and FACS analysis were as
follows: phycoerythrin (PE) anti-mouse CD45R/B220, fluorescein
isothiocyanate (FITC) anti-mouse CD3, FITC anti-mouse CD25 (IL-
2R), FITC anti-mouse CD117 (c-kif), FITC anti-mouse IgM (BD
Pharmingen, SanDiego, CA, U.S.A.), FITC anti-mouse IgG (Vector
Laboratories, Burlingame, CA, U.S.A.), PE anti-mouse IgD, and PE
anti-mouse C1qRp (AA4.1) (eBioscience, Burlingame, CA, U.S.A.).
The antibodies used for the ELISA were as follows: purified anti-
mouse IgG, horseradish peroxidase (HRP)-conjugated anti-mouse
IgG (BD Pharmingen), affiniPure rabbit anti-mouse IgM and IgG
Abs (ImmunoResearch Laboratories, West Grove, PA, U.S.A.),
purified mouse IgM and IgG HRP-conjugated goat anti-mouse IgM
and IgG (Southern Biotechnology Associates, Birmingham, AL,
U.S.A.), and HRP-conjugated anti-biotin (Vector Laboratories).

Purification of BGS from Bacillus licheniformis E1

The purification of the concentrate from B. licheniformis E1 was
performed as previously described [8]. Briefly, the B. licheniformis
E1 was cultured in a brain heart infusion (BHI; Difco, Becton
Dickinson, Sparks, MA, U.S.A.) broth on a shaker at 37°C for 48 h.
The cultured supernatant was then spun down at 10,000 xg at 4°C
for 1h, and then the harvested supernatant was boiled at 100°C for
30 min and spun down again in the same way as described above.
The supernatant was concentrated using a DIAFLO ultrafiltration
membrane (Filter code: YM 100; Millipore, Bedford, MA, U.S.A.).
Five ml of the concentrate was then applied to a DEAE Sepharose
Fast Flow column (25%330 mm) (GE Healthcare Bio-Sciences AB,
Uppsala, Sweden) previously equilibrated with a 0.05 M phosphate
buffer (pH 7.4), and the column eluted with a linear gradient of
0.0-1.0 M NaCl in the phosphate buffer at a flow rate of 2 ml/min.
Five ml of each fraction was collected and monitored at 280 nm,
and their activities measured using a BALB/c mouse B cell
proliferation assay. Those elutes showing mouse B cell proliferation
activity were pooled and concentrated using the same ultrafiltration
membrane. Thereafter, 1 ml of the concentrate was subjected to a
Sephacryl S-500 column (16x900 mm) (GE Healthcare Bio-Sciences

AB) previously equilibrated with the phosphate buffer and eluted
with the same buffer at a flow rate of 1 ml/min. Three ml of each
fraction was collected and monitored at 280 nm. Those elutes
showing mouse B cell proliferation activity were pooled and
concentrated using the same ultrafiltration membrane. The concentrate
was again subjected to a Superose TM 6HR column (GE Healthcare
Bio-Sciences AB), and the fractions monitored at 214 nm. The
fractions at the peak were collected, pooled, concentrated, and
freeze-dried. The resulting concentrate produced by B. licheniformis
E1 is hereinafter referred to as the B cell-specific growth substance

(BGS).

Isolation of Mouse T and B Cells

The lymphocytes were obtained from the mice spleens. A single cell
suspension was prepared by gently teasing a spleen between two
glass slides, and the red blood cells were lysed using an ACK lysis
buffer (155 mM NH,CI, 10 mM KHCO;, and 0.1 mM EDTA).

To isolate the T cells, the splenocytes were incubated in a MACS
buffer (PBS containing 0.5% bovine serum albumin and 2 mM
EDTA) with a biotin-antibody cocktail (biotin-conjugated monoclonal
antibodies against CD45R, CD49b, CD11b, and Ter-119; Miltenyl
Biotec, Auburn, CA, U.S.A.) for 10 min at 4°C, washed, and
incubated with anti-biotin MicroBeads (Miltenyl Biotec) for 15 min
at 4°C, according to the procedures provided by the manufacturer.
The cells were then applied to a magnetic column (Miltenyl Biotec),
and the effluent was collected and washed in an RPMI 1640 medium
supplemented with 2 mM r-glutamine, 2.2 mM sodium bicarbonate,
100 U/ml penicillin, and 100 pg/ml streptomycin (Gibco BRL,
Grand Island, NY, U.S.A)).

To isolate the B cells, biotin-conjugated monoclonal antibodies
against CD43, CD4, and Ter-119 (Miltenyl Biotec) were used.

Splenocyte Proliferation Assay

The activity of the purified BGS was measured based on the
proliferation of the splenocytes from the BALB/c mice. The
fractionated T or B cells in a complete medium supplemented with
RPMI 1640 and 10% heat-inactivated fetal calf serum (2.5x
10° cells/well) were plated in 96-well round-bottomed microtiter
plates (Corning, NY, U.S.A.). Fifty pl of the purified BGS was then
added to each well and the plates were cultured for 48 h. The cell
proliferation was measured using 6h of *H-thymidine (‘H-TdR,
New England Nuclear, Boston, MA, U.S.A.) incorporation.

Immunization

To induce a BGS-specific immune response, BALB/c mice were
injected once intraperitoneally (i.p.) (day 0) with the purified BGS
(25 pg/mouse). The mice were then sacrificed 1, 2, and 3 d after the
i.p. immunization, and cell suspensions from the spleen and bone
marrow from each group of mice used for FACS analysis.

For OVA immunization, BALB/c mice were injected with an
initial intradermal (i.d.) immunization of OVA (100 pg/mouse)
mixed with one of the following adjuvants: FCA adjuvant (100 pl/
mouse), Al (20 pg/mouse), or the BGS (25 pg/mouse). The mice
were then intradermally boosted with OVA (100 pg/mouse) mixed
with FICA (100 pl/mouse), Al (20 pg/mouse), or the BGS (25 png/
mouse) 1, 2, and 3 weeks after the initial immunization. One week
after the last immunization, blood was harvested through the vena
cava of each mouse, and the sera stored at -20°C until the ELISA.



Isolation of Bone Marrow Cells

Bone marrow cells from BALB/c mice were flushed out of the femurs
with an ice-cooled complete medium using a 10-ml syringe with a 21-
gauge needle. The red blood cells were depleted using an ACK lysis
buffer, and the bone marrow cells washed with an RPMI 1640 medium.

Thymidine Incorporation Assay

A total of 1x10° cells/ml were cultured in 200-ul volumes in 96-
well round-bottom plates. The cells were cultured for 48 h and
pulsed with 1pCi per well of *H-TdR for the last 8 h before
determining the *H-thymidine incorporation.

FACS Analysis

For the cytometric analysis of the bone marrow cells, splenocytes,
and MACS-purified T or B cell suspensions, the cells were
incubated with antibodies labeled with FITC and/or PE in a FACS
buffer (PBS, 1% FCS, 0.05% sodium-azide) for 30 min on ice, and
then washed twice with the same FACS buffer. The data were
acquired using a FACSCalibur (Becton Dickinson, San Jose,
U.S.A)) and analyzed using CellQuest software (Becton Dickinson).

ELISA Methods
The total IgM and IgG levels were measured using a capture-
ELISA. Ninety-six-well ELISA plates (Nunc, Copenhagen, Denmark)
were coated with 100 pl/well of affiniPure rabbit anti-mouse IgM
(1 pg/ml) or IgG (2 pg/ml) Ab for 24 h and blocked with 150 pl of
PBS containing 10% BSA for 2h at room temperature. After
washing the plates three times with PBS containing 0.05% Tween
20 (PBST), the BALB/c mouse sera diluted with PBS containing
10% BSA (100 pl/well) were added and incubated for 1h. The
plates were then washed five times, and 100 pl of 1/1,500 HRP-
conjugated goat anti-mouse IgM or IgG Ab was added to each well.
After incubating the plates at room temperature for 1 h, they were
washed five times with PBST and reacted with a peroxidase
substrate at 37°C for 30 min. The reaction was stopped by the
addition of 2 N H,SO, and the optical density (OD) at 450 nm read
using an ELISA plate reader. The standard curves for IgM and 1gG
Ab were plotted using purified mouse IgM and IgG, respectively.
The OVA-specific IgG levels were measured using a capture-
ELISA. The plates were coated with 100 pl/well of purified anti-
mouse IgG mAb (2 pg/ml) for 24 h and blocked with 150 pl of PBS
containing 10% BSA for 2 h at room temperature. After washing
the plates three times with PBST, the BALB/c mouse sera diluted
with PBS containing 10% BSA (100 pl/well) were added and
incubated for 1h. One hundred pl per well of biotinylated OVA
(10 pg/ml) was then added and the incubation continued for 1h at
room temperature. The plates were then washed five times, and
100 pl of 1/1,500 HRP-conjugated goat anti-biotin mAb was added
to each well. After incubating the plates at room temperature for
1 h, they were washed five times with PBST and reacted with a
peroxidase substrate at 37°C for 30 min. The reaction was stopped
by the addition of 2 N H,SO, and the OD at 450 nm read using an
ELISA plate reader.

Statistical Analysis

All the experiments were performed based on three separate trials and
representative data are presented. All the data are expressed as the
mean+SD (n=3). The differences were analyzed using the Student’s
t-test and the results considered significant with a p-value <0.05.
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Fig. 1. Effect of BGS on proliferation of splenocytes.
Splenocytes (2x10° cells/200 pl) from BALB/c mice were incubated with
various concentrations (horizontal axis) of the BGS or LPS for 48 h,
followed by a 6 h *H-TdR incorporation assay. Each value represents the
mean+SD of three trials.

RESULTS

Effect of BGS on Proliferation of Mouse Spleen
Lymphocytes

Since LPS is a well-known B cell mitogen [15, 22], the
effect of the BGS on the proliferation of BALB/c mice
lymphocytes was compared with the effect of LPS.
Lymphocytes isolated from the spleens of BALB/c mice were
treated with various doses of the BGS or LPS, incubated for
48 h, and then measured using a *H-TdR incorporation
assay. As shown in Fig. 1, the BGS and LPS both induced
splenocyte proliferation, and their splenocyte proliferation
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Fig. 2. BGS induced proliferation of B cells in vitro.

Splenic B or T cells were cultured for 48 h with the BGS (10 pg/ml) or
LPS (5 pg/ml), and the cell proliferation was measured based on the 6 h
*H-TdR incorporation. Each value represents the mean+SD of three trials.
* Statistical significance compared with “LPS” (p=0.2004).
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activities were shown to be dose-dependent. The optimized
concentration doses of the BGS and LPS for mouse
splenocyte proliferation were 10 mg/ml and 5 mg/ml,
respectively.

To determine which splenocytes were proliferated in
response to the BGS and LPS, the T and B cell proliferation
responses were measured using a “H-TdR incorporation
assay. The T and B cells were treated with the optimized
concentration of the BGS or LPS, and then incubated for
48 h. As expected, the BGS and LPS both induced B cell
proliferation, whereas neither affected the T cell proliferation.
The B cell proliferation measurements for the BGS and
LPS were 18.66+1.80 and 20.15+2.19 kcpm, respectively;
however, the statistical difference between the two was
insignificant at p=0.2004 (Fig. 2).

Effect of PMB on B Cell Proliferation Activity of BGS

Although the BGS and LPS both had an affect on increasing
the proliferation of B cells, they differ as regards their
origin and structure. Thus, to determine whether their
active ingredients affecting B cells also differed, the response
of the BGS to PMB, an inhibitor of LPS [24], was tested.
Splenic B cells isolated from BALB/c mice were treated
with the BGS, LPS, BGS+PMB, or LPS+PMB, and incubated
for 48 h, and the B cell proliferation was measured using
a "H-TdR incorporation assay. The B cell proliferation
measurement for the sample treated with BGS+PMB
was 13.46+2.24 kepm, which was slightly lower than the
measurement for the sample treated with the BGS alone at
17.33+0.12 kepm; however, the statistical difference between
the two BGS samples was insignificant at p=0.1179 (Fig. 3).
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Fig. 3. PMB inhibited B cell proliferation activity of LPS, yet
not that of BGS.

Splenic B cells isolated from BALB/c mice were treated with the BGS
(10 pg/ml), LPS (5 pg/ml), BGS+PMB (5 U/ml), or LPS+PMB. The B cell
proliferation was measured using a *H-TdR incorporation assay. Each
value represents the mean+SD of three trials. *, Statistical significance
compared with “BGS” (p=0.1179). **, Statistical significance compared
with “LPS” (p=0.0172).

In contrast, the B cell proliferation measurement for
the sample treated with LPS+PMB was 4.95+0.069 kcpm,
which was considerably lower than the measurement for the
sample treated with LPS alone, at 23.86+1.52 kepm. Thus,
the statistical difference was significant at p=0.0172 (Fig. 3).

BGS Induced Proliferation of B Cells Isolated from
C3H/HeJ Mice Lacking Toll-Like Receptor 4

The B cell response to LPS can be induced by binding LPS
with cell-surface Toll-like receptor 4 (TLR4) [7, 16, 27].
Thus, to determine whether the B cell proliferation activity
of the BGS and LPS differed in terms of TLR4 binding, the
effects of the BGS and LPS on splenic B cell proliferation
were tested in C3H/HeJ mice lacking TLR4 [32] and C3H/
HeN mice with intact TLR4. Splenic B cells from C3H/
Hel mice and C3H/HeN mice were treated with the BGS
or LPS and incubated for 48 h. As shown in Fig. 4, the
proliferation measurement for the splenic B cells from
the C3H/HeJ mice treated with LPS showed a noticeable
decrease at 11.99+1.39 kepm when compared with the
measurement for the splenic B cells from the C3H/HeN
mice treated with LPS at 22.7442.12 kcpm, representing a
statistically significant difference at p=0.0021. However,
in the case of treatment with the BGS, the proliferation
measurements for the splenic B cells from the C3H/HeJ mice
and C3H/HeN mice were 18.39+4.22 and 21.30+0.82 kcpm,
respectively, representing a statistically insignificant difference
at p=0.1609.

Change of B Cell Population in Bone Marrow and
Spleen from BGS-Treated BALB/c Mice

To test the effect of the BGS on B cell proliferation in vivo,
BALB/c mice were given a single dose (25 pg/mouse) of
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Fig. 4. B cell proliferation activity of BGS unaffected by TLR4.
Splenic B cells from C3H/HeN and C3H/Hel mice were stimulated with
the BGS (10 pg/ml) or LPS (5 pg/ml) for 48 h. The degree of lymphocyte
proliferation was measured using a "H-TdR incorporation assay. Each
value represents the meantSD of three trials. *, Statistical significance
compared with “C3H/HeN”: p=0.1609 (BGS) and p=0.0021 (LPS).
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Fig. 5. BGS increased B cell population in vivo.

BALB/c mice were treated intraperitoneally with the BGS (25 pg/mouse) or saline. At different time intervals, mice from each group were sacrificed and B
cells isolated from the bone marrow (A) and spleen (B). A FACS analysis was performed based on the staining of CD45R/B220-PE (filled area). Open area:

isotype control. The results are representative of three independent experiments.

the BGS via the peritoneal cavity and then divided into
three subgroups to be sacrificed after 24, 48, and 72 h. The
control group treated with saline was sacrificed after 24 h.
Cells harvested from the bone marrow and spleen were
stained with CD45R/B220-PE and then analyzed using
FACSCalibur flow cytometry (Fig. 5).

The bone marrow B cell population in the BGS-treated
group sacrificed after 24 h markedly increased to 58.78%
when compared with that in the saline-treated control group
at 37.92%. However, the bone marrow B cell population
decreased to 34.51% and 17.21% in the BGS-treated
groups sacrificed after 48 and 72 h, respectively (Fig. SA).

The splenic B cell population in the BGS-treated group
sacrificed after 24 h also increased to 44.23% when
compared with that in the saline-treated control group
sacrificed after 24 h at 39.84%. However, in contrast to the
bone marrow B cell population, the splenic B cell
population increased to 54.14% and 52.24% in the BGS-
treated groups sacrificed after 48 and 72 h, respectively
(Fig. 5B).

Target Stage of BGS in B Cell Lineage

To identify the target stage of the BGS during B cell
development, BALB/c mice were treated with a single
dose (25 pg/mouse) of the BGS via the peritoneal cavity,

and then sacrificed after 24 or 48 h. For the control,
another group of BALB/c mice were treated with
saline, and sacrificed after 24 h. Bone marrow cells and
splenocytes were isolated from each group, and MACS
beads used to separate the B cells. The separated B cells
were then stained with FITC-conjugated anti-CD117,
-CD25, -1gM, -lIgG, and PE-conjugated anti-AA4.1 and
-IgD, respectively, on B cell lineage-restricted surface
molecules, and finally analyzed using FACSCalibur flow
cytometry, as shown in Figs. 6 and 7.

The transitions in the bone marrow-derived B cell
lineage are shown in Fig. 6. The population of pro B cells
(CD117"), a type of B cell progenitor, was 6.89% and
8.01% in the BGS-treated groups sacrificed after 24 and
48 h, respectively, which was higher than the 3.81%
population in the saline-treated control group. The population
of pre B cells (CD25"), another type of B cell progenitor,
was 21.71% and 16.34% in the BGS-treated groups sacrificed
after 24 and 48 h, respectively; however, this was not
noticeably different from the 20.82% population in the
saline-treated control group (Fig. 6A).

The population of immature B cells (IgM" and AA4.17)
was 29.4% and 27.2% in the BGS-treated groups sacrificed
after 24 and 48 h, respectively, which was slightly higher
than the 21.2% population in the saline-treated control
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Fig. 6. Effect of BGS on early stage of B lineage cell in vivo.
BALB/c mice were treated intraperitoneally with the BGS (25 pg/mouse) or saline. At different time intervals, mice from each group were sacrificed and B
cells isolated from the bone marrow. A. FACS analysis using antibodies (CD117-FITC, CD25-FITC; filled area). Open area: isotype control. B. FACS

analysis using antibodies (IgM-FITC/AA4.1-PE, IgM-FITC/IgD-PE). C. FACS analysis based on staining of IgG-FITC (filled area). Open area: isotype
control. The results are representative of three independent experiments.



group. A population increase was also measured for the
mature B cells (IgM" and IgD") at 27.2% and 22.7% in
the BGS-treated groups after 24 and 48 h, respectively,
compared with 18.4% in the saline-treated control group
(Fig. 6B).

In contrast, the population of IgG" B cells showed
different percentage changes to the immature and mature
B cells. After 24 h, the population of IgG" B cells in the
BGS-treated group was 36.5%, which was very similar to
the 34.1% population in the saline-treated control group.
However, the IgG" B cell population in the BGS-treated
group decreased to 26.2% after 48 h (Fig. 6C).

Since the spleen is a secondary lymphoid organ, the
present investigation of the B cell lineage in mouse spleens
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treated with the BGS was limited to immature B cells and
mature B cells, as shown in Fig. 7.

The population of splenic immature B cells was 15.2%
in the BGS-treated group after 24 h, which was similar
to the 13.4% population in the saline-treated control
group. However, the splenic immature B cell population
in the BGS-treated group increased to 19.9% after
48 h. Meanwhile, the splenic mature B cell populations
were generally lower in the BGS-treated groups than
in the saline-treated control group. For the saline-treated
control group, the splenic mature B cell population
was 46.2%, whereas it was only 33.6% and 36.9% in
the BGS-treated groups after 24 and 48 h, respectively
(Fig. 7A).
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Fig. 7. Effect of BGS on splenic B cell differentiation in vivo.

IeG
BGSg24 h

BGS 48 h

BALB/c mice were treated intraperitoneally with the BGS (25 pg/mouse) or saline. At different time intervals, mice from each group were sacrificed and B
cells isolated from the spleen. A. FACS analysis using antibodies (IgM-FITC/AA4.1-PE, or IgM-FITC/IgD-PE). B. FACS analysis based on staining of IgG-
FITC (filled area). Open area: isotype control. The results are representative of three independent experiments.
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Fig. 8. BGS increased levels of serum IgM and IgG.

BALB/c mice were injected with the BGS (25 pg/mouse) via the
peritoneal cavity. Three days later, 3 mice from each group were sacrificed
and the blood was harvested. The immunoglobulin levels in the sera were
measured by ELISA. Each value represents the mean+SD of three trials. *,
Statistical significance compared with “control”: p=0.0016 (IgM) and p=
0.0083 (IgG).

Finally, the population of splenic IgG" B cells in the
saline-treated control group was 38.6%, whereas in the
BGS-treated groups, the splenic IgG" B cell population
was initially higher at 50.7% after 24 h, and then dropped
to 25.3% after 48 h (Fig. 7B).

BGS Increased Concentration of IgM and IgG In Vivo
To investigate the effect of the BGS on the production
of antibodies in B cells, BALB/c mice were treated with
one dose of the BGS (25 pg/mouse) via the peritoneal
cavity. The BGS-treated mice were then sacrificed after
72 h. The serum was separated from the blood, and
the concentrations of IgM and IgG in the serum were
measured. The concentrations of IgM and IgG for the
saline-treated control group were 0.25+0.15 and 14.26+
2.18 mg/ml, respectively, whereas those for the BGS-
treated group were noticeably higher at 7.38+1.60 and
33.63+ 7.92 mg/ml, respectively (Fig. 8).

Adjuvant Effect of BGS

To examine whether the BGS might elicit adjuvant effects
in terms of antigen-specific antibody production, the BGS
was tested in comparison with other adjuvants. Groups
of BALB/c mice were intradermally immunized with
OVA, OVA+BGS, OVA+ALI, or OVA+FA once a week for
4 weeks. One week after the last immunization, the OVA-
specific [gG within the blood serum was measured, and the
OVA-specific IgG antibody production found to be higher
in the groups immunized with a mixture of OVA and one of
the adjuvants than in the control group immunized with only
OVA. As shown in Fig. 9, when used as an adjuvant, the
BGS produced almost the same effect as Al, yet less than FA.

2.5 1

2.0 1

Anti-OVA-IgG (450 nm)

0.5

0.0 -

Control OVAonly OVA+BGS OVA+Al OVA+FA

Fig. 9. BGS affected OVA-specific antibody production as
adjuvant.

BALB/c mice were intradermally immunized with OVA (100 pg/mouse)
or a mixture of OVA and an adjuvant (BGS, Al, or FA) once a week for 4
weeks. One week after the last immunization, mice from each group were
sacrificed and the sera obtained. The levels of OVA-specific IgG in the sera
were measured using ELISA. Each value represents the mean+SD of three
trials. *, Statistical significance compared with “OVA only”: p=0.0044
(OVA+BGS) and p=0.0035 (OVA+AL).

DISCcUSSION

It has already been reported that microorganisms produce a
great variety of immunomodulators, most of which appear to
increase the growth, differentiation, or activation of T cells,
yet not B cells [33]. Thus, only a few immunomodulators,
such as LPS and polysaccharide from streptococci, are
known to be specific to B cells [12, 15, 22].

The current authors recently isolated a BGS from B.
licheniformis that was identified as a glycoprotein with a
molecular mass of 1,594 kDa [8]. Although the BGS and
LPS do not share a common origin or structure, they both
induce the growth of B cells. Thus, to determine whether
the active ingredients causing the growth of B cells were
similar, the effect of PMB, an LPS inhibitor, on the
functional activity of the BGS was examined, along with
the response of the BGS to TLR4, a receptor of LPS.
When PMB+LPS was added, the growth of splenic B cells
isolated from BALB/c mice was indeed inhibited, whereas
PMB+BGS still induced B cell growth. Similarly, when
splenic B cells from C3H/HeJ mice lacking TLR4 were
used, LPS was unable to induce cell growth, whereas the
BGS successfully induced cell growth. Consequently, in
contrast to LPS, the activities of the BGS were not inhibited
by PMB or TLR4 as a receptor, suggesting that its active
ingredients are different.

When studying the effect of the BGS on the growth of B
cells in vivo, the B cell population was shown to increase
in both bone marrow cells and spleen cells from BALB/c
mice treated with the BGS.



To examine the BGS target in B cell development, B
cells were harvested and separated from the bone marrow
and spleens of BGS-treated BALB/c mice. These B cells
were then studied using anti-B cell lineage-restricted
surface molecule antibodies. When looking at the B cell
population in the bone marrow, the population of IgG" B
cells showed no change, yet there was a decrease in the
population of pro-B cells and an increase in the populations
of immature B cells and mature B cells. In contrast, when
examining the B cell population in the spleen, the population
of IgG" B cells showed a significant increase when compared
with the slight increase in the population of immature B
cells and decrease in the population of mature B cells.
Thus, when treated with the BGS, the B cell population
increased, due to an increase of immature B cells and
mature B cells. These outcomes also agree with results
from previous studies, which found that B cell progenitors
develop into immature B cells in the bone marrow and
then migrate to the spleen, where they become mature B
cells [3, 4], and that some of the short-lived immature B
cells in the spleen are differentiated and become long-lived
mature B cells [9, 20, 29].

Along with B cell development, V-D-J rearrangements
lead to the formation of clonotypic BCR and surface
expression of IgM molecules [6]. The surface IgM (slgM)
of B cells initiates class switch recombination (CSR) with
the Cp gene, a heavy-chain constant region, into Cy, Ca,
or Ce gene, and then by recombination, each gets to be a
secondary heavy-chain isotype, such as IgG, IgA, or IgE
[13, 26]. In particular, IgG begins to be manifested on the
cell surface during the memory B cell stage, and it is
known to be the most abundant form of Ig isotype amongst
immunoglobulins [2, 10, 28]. In this study, the results
showed no increase in IgG" B cells in the bone marrow of
BGS-treated BALB/c mice, but a high increase of splenic
IgG" B cells, indicating that the BGS may play a role in
the differentiation of mature B cells into IgG" B cells. This
possibility is also supported by the noticeable increase in
the concentrations of IgM and IgG in the blood serum
from the BGS-treated BALB/c mice.

Adjuvants are usually defined as compounds that can
increase and/or modulate the intrinsic lower immunogenicity
of an antigen. Adjuvants are therefore required to assist
vaccines to induce potent and persistent immune responses,
while also providing the additional benefits of reducing the
number of injections and amount of antigen needed [11].
In the present study, the BGS was found to induce the
growth of B cells in vivo, plus it increased the production
of IgM and IgG, indicating that the BGS functions as an
adjuvant. Thus, to investigate the adjuvant effects of the
BGS, BALB/c mice were sensitized with various mixtures
of OVA and the BGS. When the BGS was used as an
adjuvant, high concentrations of anti-OVA antibodies were
found in the mice. Although the adjuvant effect of the BGS
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was shown to be less than that of Freund’s adjuvant, which
is a highly effective adjuvant used predominantly in animal
studies [19], the adjuvant effect of the BGS was almost
similar to that of aluminum hydroxide, which is used in
making vaccines for humans [14].

The overall safety concerns, including possible immediate
and long-term side effects, of the BGS as an adjuvant have
not yet been studied. Nonetheless, the antigen-specific
antibody production demonstrated in this study indicates
that the BGS may have potential as a new immuno-
stimulator or adjuvant.

REFERENCES

1. Abbas, A. K., A. H. Lichtman, and S. Pillai. 2007. Cellular
and Molecular Immunology. Saunders Elsevier, Philadelphia,
PA, US.A.

2. Ahmed, R. and D. Gray. 1996. Immunological memory and
protective immunity: Understanding their relation. Science 272:
54-60.

. Allman, D. M., S. E. Ferguson, and M. P. Cancro. 1992.
Peripheral B cell maturation. 1. Immature peripheral B cells in
adults are heat-stable antigen™ and exhibit unique signaling
characteristics. J. Immunol. 149: 2533-2540.

4. Allman, D. M., S. E. Ferguson, V. M. Lentz, and M. P. Cancro.
1993. Peripheral B cell maturation. II. Heat-stable antigen (hi)
splenic B cells are an immature developmental intermediate in
the production of long-lived marrow-derived B cells. J. Immunol.
151: 4431-4444.

5. Borsutzky, S., K. Kretschmer, P. D. Becker, P. F. Muhlradt, C. J.
Kirschning, S. Weiss, and C. A. Guzman. 2005. The mucosal
adjuvant macrophage-activating lipopeptide-2 directly stimulates
B lymphocytes via the TLR2 without the need of accessory
cells. J. Immunol. 174: 6308—-6313.

6. Brack, C., M. Hirama, R. Lenhard-Schuller, and S. Tonegawa.
1978. A complete immunoglobulin gene is created by somatic
recombination. Cell 15: 1-14.

7. Brightbill, H. D., D. H. Libraty, S. R. Krutzik, R. B. Yang, J. T.
Belisle, J. R. Bleharski, ef al. 1999. Host defense mechanisms
triggered by microbial lipoproteins through toll-like receptors.
Science 285: 732-736.

8. Chung, K. S., J. Y. Kim, S. W. Hong, and B. K. Lee. 2006.
Isolation of bacteria producing a B-cell-specific biological response
modifier found in Korean fermented soybean paste. J. Microbiol.
Biotechnol. 16: 126-135.

9. Forster, I. and K. Rajewsky. 1990. The bulk of the peripheral B-
cell pool in mice is stable and not rapidly renewed from the
bone marrow. Proc. Natl. Acad. Sci. USA 87: 4781-4784.

10. Gray, D. 1993. Immunological memory. Annu. Rev. Immunol.
11: 49-77.

11. Guy, B. 2007. The perfect mix: Recent progress in adjuvant
research. Nat. Rev. Microbiol. 5: 505-517.

12. Han, S. B., Y. D. Yoon, H. J. Ahn, H. S. Lee, C. W. Lee, W. K.
Yoon, S. K. Park, and H. M. Kim. 2003. Toll-like receptor-
mediated activation of B cells and macrophages by polysaccharide
isolated from cell culture of Acanthopanax senticosus. Int.
Immunopharmacol. 3: 1301-1312.

W



64

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kim et al.

Hayashi, E. A., S. Akira, and A. Nobrega. 2005. Role of TLR
in B cell development: Signaling through TLR4 promotes B
cell maturation and is inhibited by TLR2. J. Immunol. 174:
6639-6647.

Hem, S. L. and H. Hogenesch. 2007. Relationship between
physical and chemical properties of aluminum-containing adjuvants
and immunopotentiation. Expert Rev. Vaccines 6: 685—698.

Hu, H. and G. Moller. 1994. Lipopolysaccharide-stimulated
events in B cell activation. Scand. J. Immunol. 40: 221-227.
Imler, J. L. and J. A. Hoffmann. 2001. Toll receptors in innate
immunity. Trends Cell Biol. 11: 304-311.

Jo, W. S, S. T. Yee, S. Yoon, B. H. Nam, E. Do, B. S. Jung,
et al. 2006. Immunostimulating factor isolated from Actinobacillus
actinomycetemcomitans stimulates monocytes and inflammatory
macrophages. Microbiol. Immunol. 50: 535-542.

Lavelle, E. C., P. McGuirk, and K. H. Mills. 2004. Molecules of
infectious agents as immunomodulatory drugs. Curr: Top. Med.
Chem. 4: 499-508.

Leenaars, P. P, M. A. Koedam, P. W. Wester, V. Baumans,
E. Claassen, and C. F. Hendriksen. 1998. Assessment of
side effects induced by injection of different adjuvant/antigen
combinations in rabbits and mice. Lab. Anim. 32: 387-406.
Lortan, J. E., C. A. Roobottom, S. Oldfield, and 1. C.
MacLennan. 1987. Newly produced virgin B cells migrate to
secondary lymphoid organs but their capacity to enter follicles
is restricted. Eur: J. Immunol. 17: 1311-1316.

Lu, M., M. Zhang, A. Takashima, J. Weiss, M. A. Apicella, X. H.
Li, D. Yuan, and R. S. Munford. 2005. Lipopolysaccharide
deacylation by an endogenous lipase controls innate antibody
responses to Gram-negative bacteria. Nat. Immunol. 6: 989—
994.

Mamchak, A. A. and P. D. Hodgkin. 2000. Regulation of
lipopolysaccharide-induced B-cell activation: Evidence that
surface immunoglobulin mediates two independently regulated
signals. Immunol. Cell. Biol. 78: 142—148.

Matsunaga, K., A. Hosokawa, M. Oohara, N. Sugita, M.
Harada, and K. Nomoto. 1998. Direct action of a protein-
bound polysaccharide, PSK, on transforming growth factor-beta.
Immunopharmacology 40: 219-230.

Morrison, D. C. and D. M. Jacobs. 1976. Binding of polymyxin
B to the lipid A portion of bacterial lipopolysaccharides.
Immunochemistry 13: 813-818.

Muller, A., P. J. Rice, H. E. Ensley, P. S. Coogan, J. H.
Kalbfleish, J. L. Kelley, et al. 1996. Receptor binding and

26.

27.

28.

29.

30.

32.

33.

34.

internalization of a water-soluble (1-->3)-beta-p-glucan biologic
response modifier in two monocyte/macrophage cell lines. J.
Immunol. 156: 3418-3425.

Obayashi, K., T. Doi, and S. Koyasu. 2007. Dendritic cells
suppress IgE production in B cells. Int. Immunol. 19: 217-226.
Rehli, M. 2002. Of mice and men: Species variations of toll-
like receptor expression. Trends Immunol. 23: 375-378.

Reth, M. 1992. Antigen receptors on B lymphocytes. Annu. Rev.
Immunol. 10: 97-121.

Rolink, A. G, J. Andersson, and F. Melchers. 1998. Characterization
of immature B cells by a novel monoclonal antibody, by
turnover and by mitogen reactivity. Eur: J. Immunol. 28: 3738—
3748.

Siegelman, M. H., H. C. DeGrendele, and P. Estess. 1999.
Activation and interaction of CD44 and hyaluronan in
immunological systems. J. Leukoc. Biol. 66: 315-321.

. Snapper, C. M., E. R. Rosas, L. Jin, C. Wortham, M. R. Kehry,

and J. J. Mond. 1995. Bacterial lipoproteins may substitute for
cytokines in the humoral immune response to T cell-
independent type II antigens. J. Immunol. 155: 5582-5589.
Soares-Schanoski, A., V. Gomez-Pina, C. Del Fresno,
A. Rodriguez-Rojas, F. Garcia, A. Glaria, et al. 2007. 6-
Methylprednisolone down-regulates IRAK-M in human and
murine osteoclasts and boosts bone-resorbing activity: A putative
mechanism for corticoid-induced osteoporosis. J. Leukoc. Biol.
82: 700-709.

Tzianabos, A. O. 2000. Polysaccharide immunomodulators as
therapeutic agents: Structural aspects and biologic function.
Clin. Microbiol. Rev. 13: 523-533.

Tzianabos, A. O., P. R. Russell, A. B. Onderdonk, F. C. Gibson
3rd, C. Cywes, M. Chan, R. W. Finberg, and D. L. Kasper.
1999. IL-2 mediates protection against abscess formation in an
experimental model of sepsis. J. Immunol. 163: 893-897.

. Wakshull, E., D. Brunke-Reese, J. Lindermuth, L. Fisette, R. S.

Nathans, J. J. Crowley, et al. 1999. PGG-glucan, a soluble beta-
(1,3)-glucan, enhances the oxidative burst response, microbicidal
activity, and activates an NF-kappa B-like factor in human PMN:
Evidence for a glycosphingolipid beta-(1,3)-glucan receptor.
Immunopharmacology 41: 89-107.

. Wang, Y., S. P. Li, S. A. Moser, K. L. Bost, and J. E. Domer.

1998. Cytokine involvement in immunomodulatory activity
affected by Candida albicans mannan. Infect. Immun. 66:
1384-1391.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


