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present disclosure pertains to immunostimulation and maintenance or improvement of mucosal flora
using a substance that induces expression of CD11b in B-cells.

CA 03239834 2024-5-31



CA 03239834 2024-5-31

DESCRI PTI ON
| MMUNOSTI MULATORY COMPOSI T1 ON

Technical Field
[ 0001]

The present disclosure relates to a composition for
i nducing migration of activated B cells to a germina
center, the composition including a substance that induces
CD11b expression in B cells, a production method therefor,
or use thereof. |In one aspect, the present disclosure
rel ates to immunostimul ati on and mai ntenance or i mprovement
of mucosal flora using the substance that i nduces the CD1llb
expression in B cells.

Background Art
[ 0002]

Research on the behavior of B cells and germinal
centers (GCs) during i mmune responses is motivated by their
potential to aid in vaccine devel opment (Non Patent
Literatures 1 and 2). One of the important criteria in
eval uating efficacy of a vaccine is whether the vaccine can
efficiently induce germinal center (GC) responses and
generate high-affinity, long-lived plasma cells (PCs) and
memory B cells, thus protecting the host from invading
pathogens (Non Patent Literatures 1 and 2). During a GC

response, B cells undergo 3 stages: pre-GC, GC and post-GC
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(Non Patent Literatures 3 to 5). Upon antigenic
stimulation, newly activated naive B cells and activated
memory B cells directly differentiate into extrafollicular
short-1lived PCs or migrate to the interfollicular (IF)
regi on and establish stable interactions with activated T
cells (Non Patent Literatures 3 to 8). After interaction
between T-B cells, some B cells differentiate into | ow-
affinity PCs, and other B cells (pre-GC B cells) migrate to
GCs (Non Patent Literatures 3 and 4). These pre-GC B cells
first migrate to the dark zone (DZ) of GC and develop into
GC B cells. Bcells rapidly proliferate, undergo somatic
hypermutation (SHM) to change the affinity of the B cel
receptor (BCRs), and bind to its specific antigen (Non
Patent Literatures 3 and 4). B cells with mutations in the
i mmunogl obulin (1 g) genes then migrate from the DZ to the
light zone (LZ), where affinity selection takes place with
the help of T follicular hel per (Tr) cells (Non Patent
Literatures 3, 4, and 8). B cells with a BCR with high
affinity for the antigen are sel ected as post-GC B cells,
exit the GC, and eventually differentiate into | ong-1ived
PCs and memory B cells, whereas unsel ected B cells can
return to the DZ of the GC and further accumul ate SHM for
BCR with higher affinity (Non Patent Literature 7)

[ 0003]

It has been reported that efficient activation of
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dendritic cells (DCs) is essential for causing the GC
response (Non Patent Literature 3). Therefore, studies so
far have focused on sel ecting the optimal adjuvant for
stimul ating DCs. However, Lycke et al. revealed that in
mi ce depl eted of DCs, B cells collect antigens from
microfold (M) cells and further migrate to GC (Non Patent
Literature 9), indicating that DC activation is not
necessary for the invasion into GCs. Even in a case where
DCs are properly primed, only a small popul ati on of
activated B cells can develop into pre-GC B cells and enter
GCs (Non Patent Literatures 4 and 6). Recent studi es have
reported that irf4, a transcription factor essential for GC
formation, is highly expressed in pre-GC B cells (Non
patent Literatures 10 and 11). However, specific surface
markers for pre-GC B cells are unknown. Therefore, the
criteria for pre-GC B cells and what types of activated B
cells enter the GC and produce BCRs with high affinity for
speci fic anti gens have not been well understood.
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Summary of | nvention

[ 0005]

Activated B cells can enter germinal centers (GCs)
to undergo affinity maturati on and produce high-affinity
anti bodi es. However, it remai ned uncl ear what ki nd of
activated B cells enter GCs. Here, the inventors
di scovered a small popul ati on of CD1lb+l gA* B cells | ocated
outside GCs. When these CD11lb+tl gAt B cells were injected
into mice, the cells entered GCs after 40 hours. From this
result, it was suggested that CD1llb is a new surface marker
for pre-GC I gAt B cells. Furthermore, independent of
dendritic cell activation, CDllb expression on B cells was
found to be induced by bacterial antigens such as pam3CSK4
and heat-killed E. coli in vitro. Moreover, when pam3CSK4
or heat-killed E. coli was orally admi nistered, the number

of GC B cells increased within 2 days, and the mucosal
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antigen-speci fic | gA response was enhanced. The results
presented in the present disclosure demonstrate that the
i nduction of CD11lb in B cells is a promising marker for
sel ecting effective mucosal vaccine adjuvants.

[ 0006]

Based on the above findings, the inventors of the
present disclosure have found that a substance that induces
CD11b expression in B cells can act as an effective
adj uvant for mucosal vaccines and induce the producti on of
hi gh-affinity mucosal |gA antibodies, which is an action
that can stimulate immunity in mucosa or the |ike and
i nduce i mmuni ty agai nst various antigens derived from
outsi de the body, and this effect | eads to mai ntenance of
appropri ate mucosal flora or improvement of mucosal flora,
thus compl eti ng the present disclosure.

[ 0007]

In one aspect, the present disclosure provides a
composition for inducing migration of activated B cells to
a germi nal center, the composition including a substance
that induces CD1llb expression in B cells.

[ 0008]

I n one aspect, the present disclosure provides a
method for inducing migration of activated B cells to a
germi nal center, the method including preparing a

composi tion comprising a substance that induces CD11lb



expression in B cells and bringing the substance into
contact with B cells, in which the CD11lb expression in the
B cells is induced, and the contacts between the B cells
and T cells and the B cells and dendritic cells are

i nduced.

[ 0009]

More specifically, the present disclosure provides
the foll owi ng.
[ltem 1]

A composition for inducing migration of activated B
cells to a germinal center, the composition including a
substance that induces CD1lb expression in B cells.

[ltem 2]

The composition according to item 1, in which the
substance that induces the CD1llb expression in B cells is a
bacteri um.

[Item 3]

The composition according to item 2, in which the
substance that induces the CDllb expression in B cells is a
bacterium of the class y Proteobacteria or class
Bacteroi di a.

[ltem 4]

The composition according to item 3, in which the

substance that induces the CD1llb expression in B cells is

Escherichia coli, Salmonella enterica, Klebsiella

CA 03239834 2024-5-31
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pneumoni ae, Bacteroi des vul gatus, or a combinati on thereof.
[Item 5]

The composition according to any one of items 1 to
4, which is for treatment of a subject with a disease,
disorder, or condition that is treated by activation of the
mi gration of activated B cells to a germinal center.
[Item 6]

The composition according to any one of items 1 to
4, which is used for i mmunostimul ati on, mai ntenance or
i mprovement of heal th, maintenance or improvement of
mucosal flora, or treatment of an infectious disease.
[ltem 7]

The composition according to any one of items 1 to
4, which is a vaccine adjuvant.
[Item 8]

The composition according to any one of items 1 to
7, which is admini stered mucosally.
[Item 9]

The composi tion according to any one of items 1 to
6, whichis in a form selected from the group consi sting of
a medicine, a food, a feed, a food additive, a feed
addi tive, and a raw material composition thereof.
[Item 10]

The composition according to item 1, which is for

admi ni stration with an anti gen
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[Item 11]

The composition according to item 10, in which the
composition is admini stered simul taneously with the
anti gen.

[Item 12]

The composition according to item 10, in which the
composition i s administered separately from admi ni stration
of the anti gen.

[Item 13]

The composition according to item 1, which is a
vacci ne composition including an anti gen.
[ltem 14]

The composition according to items 10 to 13, in
whi ch the antigen is a viral antigen, a bacterial antigen
a parasitic antigen, or a combination thereof.

[Item 15]

A method for inducing migration of activated B cells
to a germinal center, the method including preparing a
composi tion including a substance that induces CD1lb
expression in B cells and bringing the substance into
contact with B cells, in which the CD1lb expression is
induced in the B cells, and the contacts between the B
cells and T cells and the B cells and dendritic cells are
i nduced.

[ 0010]



Furthermore, in another aspect, the present
di scl osure provides the foll owi ng.

[Item 16]

A method for treating a subject with a disease,
disorder, or condition that is treated by activation of
mi gration of activated B cells to a germinal center, the
met hod i ncl udi ng admi ni stering a composition including a
substance that induces CD1lb expression in B cells to the
subj ect.

[Item 17]

The method according to item 16, in which the
substance that induces the CDllb expression in B cells is a
bacteri um.

[Item 18]

The method according to item 16, in which the
substance that induces the CD1llb expression in B cells is a
bacterium of the class y Proteobacteria or class
Bacteroi di a.

[Item 19]

The method according to item 16, in which the
substance that induces the CD1llb expression in B cells is
Escherichia coli, Salmonella enterica, Klebsiella
pneumoni ae, Bacteroi des vul gatus, or a combinati on thereof.
[Item 20]

The method according to item 16, in which the

10
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treatment of a disease, disorder, or condition that is
treated by the activation of the migration of activated B
cells to a germinal center is immunostimul ation,

mai ntenance or improvement of health, maintenance or

i mprovement of mucosal flora, or treatment of an infectious
di sease.

[ltem 21]

The method according to item 16, in which the
composition is formul ated as a vaccine adj uvant.
[ltem 22]

The method according to item 16, in which the
composition i s admini stered mucosally.
[Item 23]

The method according to item 16, in which the
composition is in a form sel ected from the group consi sting
of a medicine, a food, a feed, a food additive, a feed
additive, and a raw material composition thereof.

[Item 24]

The method according to item 16, in which the
composition i s administered together with an antigen
[Item 25]

The method according to item 16, in which the
composition i s administered simul taneously with an antigen.
[ltem 26]

The method according to item 16, in which the

11
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composition i s admini stered separately from the
admi ni strati on of an antigen.
[Item 27]

The method according to item 16, in which the
composition i s a vaccine composition including an antigen
[Item 28]

The method according to items 24 to 27, in which the
antigen is a viral, bacterial, fungal, or parasitic
anti gen.

Bri ef Description of Drawings
[0011]

Fig. 1 is a schematic diagram showing that only a
portion of B cells invade a germi nal center.

Fig. 2 is a diagram showi ng that CD11lbtl gA* PP B
cells are | ocated outside a GC and are movi ng toward the
GC. a, Representative flow cytometry data showi ng
expressi on of 1gA and CD11lb in PP B220t B cells in WT mice.
b and ¢, Flow cytometry of GC B cells in CD11lbtl gAt PP B
cell's stained with B220 and PNA (b) or B220 and Fas (c). a
to ¢, Numbers indicate the percentage of cells. d,

Mi crographs of PP cross sections stained with PNA, CDl11b,

| gA, and DAPI . Two CD1l1lbtl gA* doubl e positive cells (yell ow
arrows) were observed outside the GC (dashed circle). e,

I mages of SED, IF, and GC regions stained with | CAM-1,

CDl1lc, CD4 (Il eft photo), MAdCAM-1 (right photo), and DAPI.

12
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Each region is marked in the schema in the center. Scale
bar, 500 um. £, The images show that CD11b*l gA+* B cells
(arrows, marked 1 to 7) are present in the indicated
regions. The GC and I F regions are indicated by dashed
lines. g, CDllb-l1gA* B cells and CD1l1lb*l gA* B cells were
directly injected into PPs of | gA-Cre/YC3. 60flox mice,
respecti vely. Representative images showi ng the | ocati ons
of CD11b+l gA+ PP B cells (top) or CDllb-l1gA+ PP B cells
(bottom) transferred into the PPs of the | gA-Cre/YC3. 60f!lox
mice 1 hour after the injection. The GC boundaries (dashed
lines) are the regions enriched with | gA-YC3.60. Scale
bar, 200 uym. h, 40 hours after the injection, the PP with
the injected CD11b+l gA+ B cells was observed under a
microscope. Scale bar, 200 um. Data are representative of
3 i ndependent experiments.

Fig. 3 is a diagram showing that CD11lb*l gA* B cells
are pre-GC B cells that interact with CD4+ T cells. a,
Heat maps showing | ogarithmi ¢ fold changes in the
expression levels of the indicated genes (CD11lbt*l gA* B
cel | s/CD11b-1 gA+ B cells) obtained by mi croarray anal ysis.
b, The expression level s of the indicated GC-specific
genes, non-GC-specific genes, and pre-GC genes were
anal yzed by gPCR and normalized to the expression | evel of
the B-actin gene. The average relative expression level in

the CD11lb-1gAt B cells was set to be 1. Each spot

13



represents the average of three technical replicates. The
bar graphs represent the mean (£ SD) of 3 or 4 i ndependent
measurements. ¢, Flow cytometry hi stograms showi ng the
expressi on of the CXCR4 and CD86 surface markers on the
CD11b*l gA* B cells and CD1lb-IgA* B cells. d, Flow
cytometry data of singlet |1gA+ B cells and conjugated CD4+

| gA+ cells. e, Flow cytometry data of CD4+ T cells

conj ugated wi th CD11lb-1 gA+ and CD11lb+l gA+ PP B cells. f,
Percentages of CD4+ T cells conjugated with CD11lb+l gA+ and
CD11b-1 gA+ PP B cells. The bar graphs represent the mean (z*
SD) of 6 independent measurements. g, Photographs of the
appearances of the CD11lbtl gAt PP B cells conjugated with the
CD4+ T cells. Scale bar, 20 um.

Fig. 4-1 is a diagram showi ng that bacteri al
antigens induce CD1lb expression in B cells. a and f, Data
obtained by flow cytometric analysis of the CD1llb
expression in splenic naive B cells subjected to the
i ndi cated stimulation for 3 days. b and g, Percentage of
CD11b* B cells for each stimulation. ¢ and h, Data
obt ai ned by gqPCR analysis of itgam in B cells isolated
after applying the indicated stimulation. d, Flow
cytometry data of CD1lb+l gA* and CD1llb-1 gA* PP B cells
i sol ated after being cultured on 40LB cells for 1 day. e,
The CD1lb expressi on i nduced by Pam3CSK4 was | ost by the

cul ture on the 40LB cells. i, Percentages of CDllb* B

14
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cells for each stimulation with the indicated inhibitors.
b, ¢, g h, and i, The bar graphs represent the mean (* SD)
of at least 3 independent measurements. b, ¢, g, and h,
Data were anal yzed by one-way ANOVA and Tukey's multiple
compari son.

Fig. 4-2 is a diagram showi ng that heat-sterilized
Kl ebsi el | a pneumoni ae, bacteria of the class
Proteobacteri a, and Bacteroi des vul gatus, bacteria of the
cl ass Bacteroidia, induce the CD1lb expression in B cells.

Fig. 5 is a diagram showing that CD1lb-i nducing
bacterial anti gens enhance the pre-exi sting GC response in
PP. a, Flow cytometry data of the CDllb expression in
spl enic naive B cells stimul ated by the indicated stimul
for 3 days. b Percentage of CDllb* B cells for each
stimulus. c to e, Balb/c mice were orally administered
with the indicated heat-kill ed bacteria, pam3CSK4, or PBS
(control). 2 days later, flow cytometry data of PNAhB220+
GC B cells (c) and the percentage (d) and the absol ute
number (e) of PNAhighB220+ PP GC B cells were cal cul ated for
each mouse. f, The indicated iGB cells were isolated,
| abel ed, and then independently injected intravenously into
mice. Scale bar, 500 pm. g, Immunization schedule. h,
OVA-specific | gA after the immuni zation. b, d, e and h,
The bar graphs represent the mean (+ SD) of at |east 3

i ndependent measurements. d and e, Data were anal yzed by

15
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one- way ANOVA and Tukey's mul tipl e comparison. h, Data
were anal yzed by two-way ANOVA and Tukey's multiple
compari son.

Fig. 6 is a diagram showing the presence of
CD11b*l gA* B cells in mouse PP. a, Flow cytometry anal ysis
was performed using 8 to 12-week-ol d WT Bal b/c mice.
Doubl et cells were discrimi nated using an FSC-H/ FSC-W gate.
Dead cel | s were excluded by propi dium iodide (Pl) staining.
The expression of 1gA and CD11lb in B220+ B cells was
analyzed. In order to confirm the expression of CDllb, a
fl uorescence minus one (FMO) sampl e was prepared as a
negative control. In live cells, GC B cells represent
PNAhi ghB220+ cel | s, and non-GC B cells represent PNAlIowB220+
cells. Representative data were obtained from at | east 20
experiments. b, The purity of the sorting was confirmed to
be at | east 90% ¢, Average mean fl uorescence intensity
(MFI') analysis of CD86 expression and CXCR4 expression in
CD11btl gAt PP B cells and CD11lb'l gA* PP B cells. The bar
graphs represent the mean (+ SD) of 5 independent
measurements performed using WT mice. Data were compared
using a two-tailed Student's t test.

Fig. 7 is a diagram showi ng i mmunohi st ochemi cal
confocal images for confirmi ng the expression of CDl1lb and
lgA. A selected PP cross section was stained with DAPI,

CD11lb, and I gA. The indicated portion (dashed square) was

16
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amplified, and the overlap between CD1llb and | gA was

anal yzed. Furthermore, Z-stack analysis was performed in
order to confirm that the CD11lb and I gA signals overl apped.
Scale bar, 20 pm.

Fig. 8 is a diagram showi ng the expression of |CAM-1
in HEV. Sections of PP were stained using anti-ICAM-1,
anti-CD4 (T cell marker), anti-CDllc (DC marker), and anti-
MAdCAM-1 (HEV marker), respectively. SED was identified in
aregionrich in CDllct DCs. The IF region was identified
in a region enriched with CD4+T cells. HEV expressing
MAdCAM-1 was found in the IF region. In order to analyze
the expression of I1CAM-1, the full images and the amplified
i ndi cated regi ons are shown.

Fig. 9 is a diagram showing the results of anal yzing
the conj ugati on between CD11lb+tl gAt B cells and CD4+ T. Flow
cytometry anal ysis was performed using 8 to 12-week-old WT
Bal b/c mice. Dead cells were excluded by Pl staining.
Single cells and conjugated cells were sel ected using FSC-
H/FSC-W gates. As for the single cells and conjugated
cells, conjugation with CD4+T cells was anal yzed usi ng | gAt
cells. As for single live cells and conjugated |ive cells,
B cell gates were sel ected on B220* cells. The expression
of 1gA and CD11lb in the B220+ cells was anal yzed.

Conj ugation of CD4+*T cells was anal yzed i n conjugated

CD11b-l1 gAt B cells and CDl1lbtl gAt B cells. Single CD11lb-| gAt

17
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B cells and CDl1btl gA* B cells were used as negative
controls for analyzing the conjugation of the CD4+ T cells.
Data were obtained from 6 i ndependent experiments.

Fig. 10 is a diagram showing that CD11lb*l gAt* B cells
with SHM are derived from newly produced acti vated memory B
cells. a, The SHM frequencies in the rearranged VD] region
and the downstream introni ¢ sequences amplified by PCR were
anal yzed. b, The SHM frequenci es were anal yzed in the
rearranged VD) Hs and the ] Hs downstream introni c sequence
(JH3-1) and the rearranged VDJHs and the ] H4 downstream
introni ¢ sequence (JH4-1) in CD1lb-I gAt and CD11lbtl gAt B
cells isolated from PPs of 26 WT mice. The pie chart
segment size is proportional to the number of sequences
with the number of mutations observed in each clone. The
number in the center of the pie chart represents the number
of clones anal yzed.

Fig. 11-1 is a diagram showing B cell proliferation
and CD1llb expressi on caused by in vitro stimulation. a,
Purity of sorted splenic naive B cells and the CD11lb
expressi on therein. b, Lymphocyte gates and the numbers
(right) of cultured splenic naive B cells. Representative
data were obtained from at | east 3 independent experiments.
¢, Lymphocyte gates of the cultured splenic naive B cells
were stimul ated with the indicated heat-killed bacteria.

d, Lymphocyte gate and CD1lb expression in cultured splenic

18
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nai ve B cells. Representative data were obtained from 3
i ndependent experi ments.

Fig. 11-2 is a diagram showing B cell proliferation
and CD11lb expressi on caused by in vitro stimulation. e,
CD11b expression in splenic B cells stimulated with the
i ndi cated concentration of each stimulus. The conditions
sel ected for the experiments in Figs. 4-1 and 5 are shown
in |ight gray.

Fig. 11-3 is a diagram showing B cell proliferation
and CD11lb expressi on caused by in vitro stimulation. f,
CD11b expression in purified splenic B cells stimulated
with the indi cated concentration of each stimulus. g,
CD11b expression in splenic B cells stimul ated with
pam3CSK4 (1 pg/ml) in the presence of TLR1/2, TLR4, and
NOD2 inhi bitors at the indicated concentrations. The
conditions selected for the experiments in Figs. 4-1 and 5
are shown in |light gray.

Fig. 12-1 is a diagram showi ng that isolated CD11bt
B cells |ost the CD11lb expression in an iGB cul ture system.
a, CD11btl gA+ and CD11lb-1gA* PP B cells | abeled with
Cel | Trace Viol et were cultured in the iGB culture system
using IL-21. The CD1llb expression was anal yzed by fl ow
cytometry on Day O and Day 1. b, As positive controls,
about 50, 000 nai ve splenic B cells and 5,000 sorted CD11lb-

| gAt B cells | abeled with Cell Trace Viol et were prepared.

19
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800 isol ated CD11btl gAt PP B cells and CD1lb-I gAt* PP B cells
were prepared to monitor the proliferation thereof.
Representati ve data were obtained from 3 i ndependent
experiments.

Fig. 12-2 is a diagram showi ng that isolated CD11b*
B cells |ost the CD11lb expression in an iGB culture system.
c, Splenic naive B cells were cul tured with pam3CSK4 for 3
days in order to induce the CD1lb* B cells. Then, the
pam3CSK4- i nduced CD11lb+ B cells and CD1lb- B cells were
i sol ated. About 1.5 x 105 isol ated CD11lb+ B cells and
CD11b- B cells were separately seeded on 40LB cells
suppl emented with 1 ng/ml IL-4. As a control, negatively
sorted splenic naive B cells were used. On DO and D4, the
CD11b expression in the B cells seeded on the 40LB cells
was anal yzed. Representative data were obtained from 3
i ndependent experi ments.

Fig. 13 is a diagram showing that B cells stimul ated
with |1 gM-40LB or CpG-40LB do not enter PP GC after being
intravenously injected into mice. The indicated iGB cells
i ncl udi ng CpG-40LB cells (top) and I gM-40LB cells (bottom)
were isol ated, |abeled, and then independently injected
intravenously into mice. HEV was identified by
intravenously injecting anti-MAdCAM-1 anti body along with
the | abel ed iGB cells. Anti-IgA antibody was directly

injected into PPs to stain I gAt cells and identify GCs
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(dashed circles). Scale bar, 500 um.

Fig 14 is a diagram showi ng that an adj uvant
composition of the present disclosure did not increase the
concentration of serum TNFo at all.

Fig. 15 is a schematic diagram showing that B cells
can sense a bacterial antigen and determi ne their own cel
fate into pre-GC cells, independent of DCs and T cells.
Description of Embodi ments
[0012]

To identify pre-GC B cells, the inventors focused on
mucosal immunity-related immunity-inducing tissues. Since
GCs in the mucosal immunity-related i mmunity-inducing
tissues are constitutively activated, pre-GC B cells
entering existing GCs can be found at any given time’. The
i nventors considered that integrin CDllb may be a candi date
for a marker of pre-GC I gA+ B cells in the mucosal
i mmunity-related i mmuni ty-induci ng ti ssues. CD1llb, which
is 1l65-kDa-integrin oM, binds to CD18, forming
heterodi meric integrin known as macrophage-1 antigen (Mac-
1)12. (CD11lb is widely known as a marker for myeloid cells
and is known to be involved in cell migration and
adhesi onl2, Furthermore, previous studies have reveal ed a
compl ex function of CD1lb in B cells1314, Ding et al
reveal ed that CD1lb negatively regul ates BCR signaling and

mai ntai ns tol erance of self-reactive B cellsl13, Kunisawa et
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al. showed that CDllb is an early stage marker of | gA+ PC
in mouse intestinal lamina propria (LP), and PP structure
is essential for the production of CDllbtl gAt PC15. These
studi es motivated the inventors to investigate the
expressi on of CD1lb in B cells of the mucosal immunity-
rel ated i mmuni ty-i nduci ng ti ssues.
[0013]

In the present disclosure, a small popul ati on of
| gA+ B cells expressing integrin CD1lb was identified as
pre-GC B cells. These cells were | ocated outside GC and
hi ghly expressed irf4. When these CDl1lbtl gAt B cells were
injected into mucosal immunity-related i mmunity-inducing
tissues of | gA-Cre/YC3.60flox reporter mice, the injected
cells were |ocated around existing GC, instead of directly
entering the GC. The cells entered the GC 40 hours | ater,
indi cating that the cells were pre-GC IgAt B cells in the
mouse mucosal immunity-related i mmuni ty-inducing tissues.
Furthermore, several bacterial antigens including pam3CSK4,
| i popol ysaccharide (LPS), and heat-killed Escherichia col
(E. coli) and Salmonell a enterica (S. Enterica), but not
Bi fi dobacterium, were found to i nduce the expression of
CD11lb in naive B cells in vitro. Expression of CD1lb in B
cells prior to the interaction with T-B or DC-B al | owed
intravenously injected B cells to enter existing GCs in

mucosal immunity-related immunity-inducing tissues. In
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this manner, B cells control their own cell fate and become
pre-GC B cells, independent of DC activation. 1In addition,
when pam3CSK4 or heat-killed E. coli was orally
admi ni stered to mi ce, the number of B cells entering GCs of
mucosal i mmunity-related i mmunity-inducing tissues
increased within 2 days, and mucosal antigen-specific [gA
response was enhanced. Inducing CD11lb in activated B cells
is considered to be a promising marker for pre-GC B cells
as well as a useful criterion for selecting an effective
mucosal vacci ne adj uvant.

[0014]

(Composi tion of the Present | nvention)

The composition of the present disclosure includes a
substance that induces CD1lb expression in B cells and has
an effect of inducing migration of activated B cells to a
germi nal center.

The composition of the present disclosure is
expected to exhibit the above effect and can be suitably
used in the fields of pharmaceuticals, foods, feeds, and
the like. Accordingly, the composition of the present
di scl osure can be a medicine, a food composition, a food
raw material composition, a feed composition, or a feed raw
materi al composition
[ 0015]

(Substance That I nduces CDllb Expression in B Cells)
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The substance that induces the CD1lb expression in B
cells used in the composition of the present disclosure can
be obtai ned by those skilled in the art based on a known
method, by referring to Examples presented in the present
specification. For example, a candi date compound by which
the proportion of CDllb+ B cells is increased in B cells
after culturing naive splenic B cells isolated from an
animal with a candidate substance can be used as the
substance that induces the CD1llb expression in B cells.
[0016]

I n one aspect, a non-limiting example of the
substance that induces the CD1lb expression in B cells is
bacteria. In one aspect, it is preferable to use gram-
negati ve bacteria. |In one aspect, it is preferable to use
bacteria of the phylum Proteobacteria or Bacteroidetes. In
one aspect, it is preferable to use bacteria of the class vy
proteobacteria as the bacteria of the phyl um
Proteobacteria. In one aspect, it is preferable to use
bacteria of the order Enterobacterales. In one aspect, it
is more preferable to use Escherichia coli, Sal monella
enterica, or Klebsiella pneumoniae. In another aspect, it
is preferable to use bacteria of the class Bacteroidia as
the bacteria of the phylum Bacteroidetes. In one aspect,
it is preferable to use bacteria of the order

Bacteroidales. In one aspect, it is preferable to use
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bacteria of the order Bacteroidales. In one aspect, it is
preferable to use Bacteroi des vul gatus. As these bacteria
of the phylum Proteobacteria or Bacteroi detes, bacteria of
vari ous serotypes belonging to a specific species can be
used.

[0017]

I n one aspect, the bacteria used as the substance
that induces the CDllb expression in B cells are bacteria
having a 16S rDNA sequence with a base sequence identity of
90% or more, 91% or more, 92% or more, 93% or more, 94% or
more, 95% or more, 96% or more, 98% or more, 99% or more,
or 99.5% or more with the 16S rDNA sequence of a
representative serotype of Escherichia coli, Salmonella
enterica, Klebsiella pneumoni ae, or Bacteroides vul gatus.
[0018]

In one aspect, the bacteria used as the substance
that i nduces the CD11lb expression in B cells are bacteria
havi ng a 16S rDNA sequence with a base sequence identity of
90% or more, 91% or more, 92% or more, 93% or more, 94% or
more, 95% or more, 96% or more, 98% or more, 99% or more,
or 99.5% or more with the foll owing 165 rDNA sequences.

Escherichia coli 165 rDNA sequence: DNA sequence
encodi ng 16S ribosomal RNA of GenBank regi strati on number
CP003278. 1 (https://www. ncbi . nl m. nih.gov/nuccore/CP017100)

(sequence consisting of the bases at positions 225107 to
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226662) .

Sal monel | a enterica 16S rDNA sequence: DNA sequence
encodi ng 16S ribosomal RNA of GenBank regi strati on number
CP003278.1
(https://www. ncbi.nlm. nih.gov/nuccore/ CP003278. 1)

(compl ementary strand of the sequence containing the bases
at positions 287486 to 289015 or compl ementary strand of
the sequence containing the bases at positions 3396200 to
3397729).

Kl ebsi el | a pneumoni ae 16S rDNA sequence: DNA
sequence encoding 16S ribosomal RNA of GenBank registration
number CP018306. 1
(https://www. ncbi.nlm. nih.gov/nuccore/ CP018306)

(compl ementary strand of the sequence containing the bases
at positions 503553 to 505106, compl ementary strand of the
sequence containing the bases at positions 1312903 to
1314456, sequence containing the bases at positions 1818027
to 1819580 and 1926864 to 1928417, sequence containing the
bases at positions 2018746 to 2020299, sequence contai ning
the bases at positions 2444117 to 2445670, or sequence
contai ning the bases at positions 2799428 to 2800981).

Bacteroi des vul gatus 16S rDNA sequence: DNA sequence
encodi ng 16S ribosomal RNA of GenBank regi strati on number
AP025232.1 (https://www. ncbi . nl m. ni h. gov/ nuccore/ AP025232)

(compl ementary strand of the sequence containing the bases
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at positions 294690 to 296214, compl ementary strand of the
sequence containing the bases at positions 626688 to
628212, sequence contai ning the bases at positions 1871179
to 1872703, sequence contai ning the bases at positions
1957949 to 1959473, sequence containing the bases at
posi tions 2375844 to 2377368, compl ementary strand of the
sequence containing the bases at positions 4187249 to
4188773, or compl ementary strand of the sequence containing
the bases at positions 4496890 to 4498414).
[ 0019]

The composition of the present disclosure has an
effect of inducing migration of activated B cells to a
germinal center. |In one aspect, the composition of the
present disclosure has an effect of inducing the migration
of activated B cells to a germinal center of a mucosa
i mmuni ty-rel ated i mmuni ty-induci ng ti ssue. The mucosal
i mmuni ty-related i mmuni ty-inducing tissue i s not
particularly limited and includes mucosal immunity-related
i mmuni ty-inducing tissues that lead to affinity maturation
of activated B cells. For example, the mucosal immunity-
rel ated i mmunity-induci ng ti ssues include mucosal immunity-
rel ated i mmunity-induci ng ti ssues in the gastroi ntestina
tract (in the intestine, oral cavity, or the like), nasal
cavity, and the like. In one aspect, the mucosal immunity-

rel ated i mmuni ty-i nduci ng tissue is Peyer's patch, and the

27



composi tion of the present disclosure has an effect of

i nducing the migration of activated B cells to a germinal
center of Peyer's patch.

[ 0020]

In a case where bacteria are used as the substance
that induces the CD1llb expression in B cells, heat-
sterilized bacteria or |ive bacteria can be used.

[ 0021]

The amount of the substance that induces the CD11lb
expression in B cells in the composition of the present
disclosure is not particularly limited, as long as the
effect of inducing the migration of activated B cells to a
germi nal center can be exhibited. For example, the
substance that induces the CD1llb expression in B cells is
mi xed into the composition in a range of 0.001 to 99.99
wei ght %.

[0022]
(Pharmaceuti cal Composi ti on)

I n one aspect, the composition of the present
di sclosure i ncluding the substance that i nduces the CDl1lb
expression in B cells is provided as a pharmaceutica
composi tion. The pharmaceuti cal composition of the present
disclosure is typically used to stimulate immunity. In one
aspect, the pharmaceuti cal composition of the present

di sclosure is used to provi de antigen-specific defense in
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the mucosal tissue or distal mucosal tissue by inducing
activation of migration of | gA-producing B cells to a
germinal center, affinity maturation, and high-affinity
anti body production. In one aspect, the pharmaceutica
composi tion of the present disclosure is used to activate
the migration of I gA-producing B cells to a germinal center
of a mucosal immunity-related immunity-inducing tissue.
The mucosal i mmuni ty-rel ated i mmunity-inducing tissue is
not particularly limited and includes mucosal immunity-
rel ated i mmuni ty-i nduci ng ti ssues that lead to affinity
maturati on of activated B cells. For example, the mucosal
i mmuni ty-rel ated i mmuni ty-induci ng tissues include mucosa
i mmuni ty-rel ated i mmuni ty-inducing tissues in the
gastrointestinal tract (in the intestine, oral cavity, or
the like), nasal cavity, and the like. |n one aspect, the
mucosal immunity-related i mmunity-inducing tissue is
Peyer's patch, and the composition of the present

di sclosure is used to i nduce the migration of activated B
cells to a germinal center of Peyer's patch.

[ 0023]

The antigen targeted by the i mmunity stimul ated by
the pharmaceuti cal composition of the present disclosure
may an antigen already existing in in vivo mucosal tissue
or may be admi ni stered together with the pharmaceuti cal

composi tion of the present disclosure. In one aspect, the
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pharmaceuti cal composition of the present disclosure is
used to stimulate immunity. In one aspect, the
pharmaceuti cal composition of the present disclosure is
preferably used to stimulate mucosal immunity, and in one
aspect, the pharmaceuti cal composition of the present
disclosure is used to stimul ate immunity in the
gastrointestinal tract (in intestine, oral cavity, or the
like) or in the nasal cavity.

[ 0024]

I n one aspect, the pharmaceutical composition of the
present disclosure is provided as an adjuvant composition
not comprising an antigen. |n one aspect, the
pharmaceuti cal composition of the present disclosure is
admi ni stered together with an antigen. |In one aspect, the
pharmaceuti cal composition of the present disclosure is
admi ni stered simul taneously with an antigen. I|n one
aspect, the pharmaceuti cal composition of the present
di sclosure is admi ni stered separately from an antigen. In
a case where the pharmaceuti cal composition of the present
disclosure is admi nistered separately from an antigen, each
admi ni stration interval can be suitably sel ected. For
exampl e, the duration between each admi ni stration can be 5
mi nutes, 10 minutes, 20 minutes, 30 minutes, 1 hour, 2
hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8

hours, 9 hours, 10 hours, 11 hours, 12 hours, 24 hours, 1
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day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, or the
i ke, but the duration is not limited thereto. The
frequenci es of administering the pharmaceuti cal composition
of the present disclosure and an anti gen may be the same as
or different from each other. The forms of the
pharmaceuti cal composition of the present disclosure and a
composi tion comprising an antigen may be the same as or
different from each other. For example, the pharmaceuti cal
composi tion of the present disclosure may be combined with
a composition comprising an antigen in a food form. In one
aspect, the pharmaceuti cal composition of the present
disclosure is provided as a vacci ne composi tion compri sing
an antigen. The antigen is not particularly limited, and,
for example, a viral, bacterial, fungal, or parasitic
antigen is sel ected.

[ 0025]

In one aspect, the pharmaceuti cal composition of the
present disclosure is used for treatment of a subject with
a disease, disorder, or condition which is treated by
activation of the migration of activated B cells to a
germinal center. |n one aspect, the composition of the
present disclosure is used for maintai ning or improving
heal th with i mmunostimul ati on, maintai ning or improving
mucosal flora (for example, intestinal flora), or

suppression of infection (for example, suppression of
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viral, bacterial, fungal, or parasitic infection) through
i mmunostimul ation (for example, mucosal immunostimul ation
and intestinal immunostimulation).
[ 0026]

Therefore, in one aspect, the present disclosure
provi des a pharmaceuti cal composition for inducing
mi gration of activated B cells to a germinal center, the
pharmaceuti cal composition including the substance that
i nduces the CD1lb expression in B cells.
[ 0027]

Furthermore, in one aspect, the present disclosure
provi des a pharmaceuti cal composition for treatment of a
subject with a disease, disorder, or condition which is
treated by activation of the migration of activated B cells
to a germinal center, the pharmaceuti cal composition
i ncl uding the substance that induces the CD11lb expression
inB cells.
[ 0028]

In addition, in one aspect, the present disclosure
provi des a pharmaceuti cal composition for
i mmunostimul ati on, the pharmaceutical composition including
the substance that induces the CD11lb expression in B cells.
The stimul ati on of mucosal i mmunity includes stimulation of
gastroi ntestinal immunity (for example, intestinal immunity

and oral immunity) and nasal immunity, but the stimul ation
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of mucosal immunity is not limited thereto.
[ 0029]

In addition, in one aspect, the present disclosure
provi des a pharmaceuti cal composition for stimul ation of
anti gen-specific immunity in a mucosa, the pharmaceuti cal
composi tion including the substance that induces the CD11lb
expression in B cells. The mucosa includes
gastroi ntestinal mucosa (for example, intestinal mucosa and
oral mucosa) and nasal mucosa, but the mucosa is not
limited thereto.

[ 0030]

I n one aspect, the immunostimul ation includes the
effect of maintaining or improving health invol ving
i mmunostimul ation (for exampl e, mucosal immunostimul ation
and intestinal immunostimulation), the effect of
mai ntai ning or improving health invol ving mai ntenance or
i mprovement of mucosal flora (for example, intestina
flora), and treatment of an infectious disease (for
exampl e, treatment of viral infection, bacterial infection,
fungal infection, or parasitic infection), but the
i mmunostimul ation is not limited thereto.

[ 0031]

Furthermore, in one aspect, the subject in need of

the stimul ati on of anti gen-specific immunity in the mucosa

is a subject in need of immunostimulation (for exampl e,
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mucosal i mmunostimul ati on and intesti nal

i mmunostimul ation), a subject in need of maintai ning or

i mproving heal th i nvol ving i mmunosti mul ati on, a subject in
need of mai ntaining or improving mucosal flora (for
exampl e, intestinal flora), a subject in need of

mai ntai ning or improving health i nvol ving mucosal flora, or
a subject in need of treatment of an infectious disease
(for example, treatment of viral infection, bacteria
infection, fungal infection, or parasitic infection).

[ 0032]

In addition, in one aspect, the present disclosure
provi des a composi tion for maintaining or improving health
through i mmunostimul ati on, the composition including the
substance that induces the CD1llb expression in B cells.

[ 0033]

Moreover, in one aspect, the present disclosure
provi des a composition for maintaining or improving mucosal
flora (for example, intestinal flora) through
i mmunosti mul ati on, the composition including the substance
that induces the CDllb expression in B cells.

[ 0034]

Furthermore, in one aspect, the present disclosure
provi des a pharmaceuti cal composition for treating an
i nfectious di sease (for example, treatment of viral

i nfection, bacterial infection, fungal infection, or
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parasitic infection), the pharmaceuti cal composition

i ncl udi ng the substance that induces the CD11lb expression
in B cells.

[ 0035]

The term “treatment” in the present disclosure has
the general meaning in the art, and includes preventing the
occurrence of any disorder or disease state for the purpose
of ameliorating, eradicating, or curing the disorder or
di sease state, or administering the composition of the
present disclosure to a subject for the purpose of del aying
(preventing) the occurrence of the disorder or disease
state or for the purpose of preventing recurrence of the
di sorder or disease state or reducing the possibility of
the recurrence (suppression of recurrence).

[ 0036]

In one aspect, the pharmaceuti cal composition of the
present disclosure is a pharmaceuti cal composition for
stimul ati ng mucosal immunity. |n one aspect, the
pharmaceuti cal composition of the present disclosure is a
composi tion used as a vaccine adjuvant which is
admi ni stered mucosally. In one aspect, the pharmaceuti cal
composi tion of the present disclosure is a composition used
to promote the expressi on of a high-affinity mucosal 1gA
anti body.

[ 0037]
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The pharmaceuti cal composition of the present
di scl osure may be any pharmaceuti cal composition as | ong as
it includes the substance that induces the CD1llb expression
in B cells. For example, the content of the substance
according to the present invention that induces the CD1l1lb
expression in B cells in 100 wei ght% of the pharmaceuti cal
composi tion can be set as appropriate within the range of
0.001 to 99.99 weight% taking into account the type of
target disease, the dosage form, the administration method,
the subj ect of the admi nistration, the degree of a symptom
in the subject of the admini stration, the degree of effect
exerted by the administration, and the like. |n one
aspect, the content of the substance according to the
present invention that |nduces the CDllb expression in B
cells in 100 weight% of the pharmaceutical composition may
be 0.001 to 99.99 weight% 0.01 to 99.99 weight%, 0.1 to
99.99 weight%, 0.2 to 99.99 weight%, 0.3 to 99.99 wei ght%,
0.4 to 99.99 weight% 0.5 to 99.99 weight% 0.6 to 99.99
wei ght%, 0.7 to 99.99 weight%, 0.8 to 99.99 weight% 0.9 to
99.99 weight% 1.0 to 99.99 weight% 2.0 to 99.99 wei ght%,
3.0 to 99.99 weight%, 4.0 to 99.99 weight% 5.0 to 99.99
wei ght%, 6.0 to 99.99 weight%, 7.0 to 99.99 weight% 8.0 to
99. 99 weight%, 9.0 to 99.99 weight%, 10 to 99.99 wei ght%,
20 to 99.99 weight%, 30 to 99.99 weight% 40 to 99.99
wei ght%, 50 to 99.99 weight%, 60 to 99.99 weight%, 70 to
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99. 99 wei ght%, 80 to 99.99 weight%, or 90 to 99. 99 wei ght%.
In one aspect, the content of the substance according to
the present invention that I nduces the CD1lb expression in
B cells in 100 wei ght% of the pharmaceuti cal composition
may be 0.001 to 90 weight% 0.001 to 80 weight%, 0.001 to
70 weight%, 0.001 to 60 weight% 0.001 to 50 wei ght%, 0.001
to 40 weight%, 0.001 to 30 weight%, 0.001 to 20 wei ght%,
0.001 to 10 weight%, 0.001 to 9.0 weight% 0.001 to 8.0

wei ght%, 0.001 to 7.0 weight%, 0.001 to 6.0 weight%, 0.001
to 5.0 weight%, 0.001 to 4.0 weight%, 0.001 to 3.0 weight%,
0.001 to 2.0 weight%, or 0.001 to 1.0 weight%. 1In one
aspect, the content of the substance according to the
present invention that induces the CDllb expression in B
cells in 100 weight% of the pharmaceutical composition is
preferably 1.0 to 80 weight%, 5.0 to 70 weight%, 10 to 60
wei ght%, 20 to 50 weight%, or 30 to 40 wei ght%, but the
content is not |imited thereto.

[ 0038]

The term “effective dose” in the present disclosure
refers to the amount of the substance that induces CD11b
expression in B cells in the present disclosure that can
i nduce the migrati on of activated B cells to a germina
center in a living body.

[ 0039]

The pharmaceuti cal composition according to the
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present disclosure may contain a pharmaceutically
acceptabl e carrier or additive along with the substance
that i nduces the CD1lb expression in B cells. The
pharmaceuti cal ly acceptable carrier or additive means any
carrier, diluent, excipient, suspending agent, |ubricant,
adj uvant, vehicle, delivery system, emulsifier,

di sintegrant, absorbent, preservative, surfactant,

col orant, flavor, or sweetener, and any known

pharmaceuti cally acceptable carrier or additive may be
adopt ed.

[ 0040]

The subj ect of administration is not particularly
limited, but non-limiting exampl es include, for example,
mammal s such as a human, a mouse, a rat, a guinea pig, a
rabbit, a hamster, a dog, a cat, a weasel, a cow, a pig, a
horse, a deer, a wild boar, a sheep, and a goat, birds
i ncl uding poul try such as a chicken, a duck, a turkey, and
a quail, reptiles such as a snake and a turtle, amphibians
such as a frog, fishes such as a salmonid fish, species of
Seriola and cobia, a freshwater trout, a sweetfish, species
of sea bass, sea bream, and Argyrosomus japoni cus, a
flounder, a fugu, a young yellowtail, an allied kingfish, a
bluefin tuna, a jack mackerel, a striped jack, a tiger
puf fer, a yellowtail amberjack, a striped beakfish, a

thread-sail filefish, a darkbanded rockfish, a
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scorpionfish, a black sea bream, a black rockfish, a perch,
a red seabream, a chicken grunt, a girella, a chub
mackerel , a seven band grouper, a longtooth grouper, an
eel, a catfish, a loach, a sturgeon, a tropical fish, a
tilapia, a pangasius, a black carp, a bighead carp, a
silver carp, a grass carp, and a carp, a bivalve (an
oyster, a scallop, an asari clam, a mussel, or an Akoya
pearl oyster), an abalone, a shrimp, and seaweed.

[0041]

The dosage and admi ni stration method for the
pharmaceuti cal composition of the present disclosure are
appropri ately sel ected depending on the type of disease
affecting the individual to be administered with the
pharmaceuti cal composition, sex, species, age, general
condition, severity of the disease, desired degree of
effect, and the like. Normally, the dosage may be
appropri ately set within the range of 0.001 to 100
mg/ kg/ day. For example, in a case where bacteria are used
as the substance that induces the CD1llb expression in B
cells, based on the bacterial |oad, the dosage can be
appropri ately set within the range of 106 CFU/time or more,
107 CFU/time or more, 108 CFU/time or more, 10° CFU/time or
more, 1010 CFU/ time or more, or the like for, for example,
a mouse weighing 20 g, or within the range of 3 x 10°

CFU/time or more, 3 x 1010 CFU/time or more, 3 x 1011
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CFU/time or more, 3 x 1012 CFU/time or more, 3 X
1013CFU/time or more, or the like for a human wei ghi ng 60
kg, but the dosage is not limited thereto. The above-
descri bed dosage per time can be admi nistered, for example,
once to three times a day. |In one aspect, in the case of
using in a human wei ghing 60 kg, the administration is
preferably performed at a dosage within the range of 3 x
10 CFU/day to 3 x 1013 CFU/day, 3 x 10! CFU/day to 3 x
1012CFU/ day, or the |like, but the dosage is not limited
thereto.

[0042]

The above- descri bed amount of the pharmaceuti cal
composi tion according to the present disclosure may be
admi ni stered once a day or may be administered i n several
di vi ded doses. Furthermore, the admi nistration interva
may be daily, every other day, every week, every other
week, every 2 or 3 weeks, every month, every other month,
or every 2 or 3 months, as |long as the administration has a
therapeuti ¢ effect on the di sease.

[ 0043]

Al though the admini strati on method for the
pharmaceuti cal composition of the present disclosure is not
particularly limited, it is preferable to directly
admi ni ster the pharmaceutical composition to a mucosa

ti ssue such as the gastrointestinal tract, and, as such
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transmucosal administration, for example, ora
admi ni strati on, transnasal admi nistration, transvagi nal
admi ni stration, enteral administration, or the |ike can be
used. The composition of the present disclosure which is
admi ni stered through the mucosae of the various organs
i nduces affinity maturation of | gA-secreting B cells and
producti on of high-affinity | gA antibodies in mucosa
i mmuni ty-rel ated i mmuni ty-inducing tissues, thus |leading to
anti gen-specific defense in tissues such as a mucosa
ti ssue and a distal mucosal tissue to which the composition
i s admi ni stered.
[ 0044]

Here, the enteral administration is not limited to
admi ni stration via the anus and al so i ncludes, for exampl e,
admi ni stration via a tube or the like inserted into the
gastrointestinal tract from outside of an individual, as in
the case of gastrostomy. The position of the insertion of
the tube in the gastrointestinal tract is not limited to
the intestine, and examples of the position include
esophagus, stomach, small intestine (including duodenum,
jejunum, ileum, or the like) and large intestine (including
cecum, colon, rectum, or the like). Furthermore, it is
al so possible to use the composition of the present
disclosure as, for example, a gut l|avage fluid, by mixing

the composition together with a known component.
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[ 0045]

In one aspect, the pharmaceuti cal composition of the
present discl osure can be used in combinati on wi th another
therapeuti c agent, for example, a vaccine containing an
antigen, to the extent that does not impair the function of
the pharmaceuti cal composition
[ 0046]

In a case where a plurality of the pharmaceutica
composi tions of the present disclosure are used in
combi nati on, or the pharmaceuti cal composition of the
present disclosure is used in combination with another
therapeuti ¢ drug, these agents may be contained in a single
formulation or in separate formul ations. In a case where
these agents are provided in separate formul ations, the
formul ati ons may be provided in the form of a kit
contai ning a combi nati on of the formul ati ons, or each
formul ati on may be provided as a singl e agent for
combi nati on with other formul ations. These formul ati ons
may be admi ni stered simul taneously or sequentially. In one
aspect, the pharmaceuti cal composition of the present
di sclosure is provided in the form of a raw materi al
composition of the finally provi ded pharmaceuti cal
composi ti on.

[ 0047]

(Food Composi tion)

42



In one aspect, the composition of the present
di scl osure including the substance that induces the CD11lb
expression in B cells is provided as a food compositi on.
The food composition is a composition obtained by suitably
usi ng the immunostimul atory composition of the present
di sclosure exclusively in the field of food.

[ 0048]

The form of the food composition of the present
disclosure is not particularly limited, and for exampl e,
the food composition can be provided as a food or beverage
such as a supplement, a solid food, a liquid food, and a
drink. The food composition of the present disclosure can
be provi ded as a special purpose food such as a food for
specified health use, a food with functional claims, or a
food with nutrient function claims. The food composition of
the present disclosure can be provided as a food with
health claims, a food for patients, a dairy product,
fermented milk, infant formula, a lactic acid bacteria
beverage, an acidi ¢ beverage, yogurt, cheese, bread,
bi scuits, crackers, pizza crust, infant formula, a liquid
food, a food for patients, a nutritional food, a frozen
food, a food composition, a processed food, or other
commerci ally avail abl e foods.

[ 0049]

In addition to general foods, the food composition
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of the present disclosure includes food for specified
heal th use including qualified food for specified health
use, a nutritional supplement, a functional food, a food
for patients, and the like. In one aspect, the food
composi tion of the present disclosure can be provided as,
for example, a food composition | abeled with
i mmunostimul ati on, mucosal i mmunostimul ation, intestinal
i mmunosti mul ati on, mai ntenance or improvement of heal th,
mai ntenance or improvement of mucosal flora, mai ntenance or
i mprovement of intestinal flora, viral infection control,
bacterial infection control, fungal infection control, or
similar indications, or a food composition for such uses.
[ 0050]

I n one aspect, the food composition of the present
di sclosure is admi ni stered together with an antigen. In
one aspect, the food composition of the present disclosure
i s administered si multaneously with an antigen. In one
aspect, the food composition of the present disclosure is
admi ni stered separately from an antigen. In a case where
the food composition of the present disclosure is
admi ni stered separately from an anti gen, each
admi ni stration interval can be suitably selected. For
exampl e, the duration between each admi ni stration can be 5
mi nutes, 10 minutes, 20 minutes, 30 minutes, 1 hour, 2

hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8
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hours, 9 hours, 10 hours, 11 hours, 12 hours, 24 hours, 1
day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, or the
i ke, but the duration is not |limited thereto. The
frequenci es of administering the food composition of the
present disclosure and an antigen may be the same as or
different from each other. The forms of the food

composi tion of the present disclosure and a composition
compri sing an anti gen may be the same as or different from
each other. For example, the food composition of the
present discl osure may be combined with a pharmaceuti cal
composi tion contai ning an antigen. | n one aspect, the food
composi tion of the present disclosure is provided as a
composi tion comprising an antigen. The antigen is not
particularly limited, and, for example, a viral, bacterial,
fungal, or parasitic antigen is sel ected.

[0051]

Specific forms of the food composition of the
present disclosure is not particularly [imited, and
exampl es thereof can include beverages such as soft drink
carbonated drink, energy drink, fruit drink, lactic acid
drink, and mi | k beverage; frozen desserts such as ice
cream, ice sorbet, and shaved ice; confectionaries such as
sweets, candi es, gum, chocol ate, tablet candies, snacks,
biscuits, jellies, jam, cream, and baked goods; noodl es

such as soba noodl es, wheat noodl es, vermicelli, Chinese
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noodl es, and instant noodl es; aquatic and |ivestock
processed foods such as boil ed fish paste, ham, and
sausage; dairy products such as processed milk and
fermented milk; oils and fats and oil and fat processed
foods such as salad oil, tempura oil, margarine,
mayonnai se, shortening, whipped cream, and dressing;
seasoni ngs such as sauce and gravy; soup, stew, salad,
daily dish, rice seasoning, pickle, bread, and cereal. In
addition, in the cases of food for specified health use,
nutritional supplement, functional food, and the like, the
food composition can be provided in the form such as, for
exampl e, powder, granul es, capsul es, | ozenges, tablets, and
Syrup.

[ 0052]

I n one embodi ment, the composition of the present
disclosure is provided as a food material. The form of the
food material of the present disclosure is not particularly
limited and is suitably set as, for example, liquid, paste,
powder, solid, or the like, according to the type of food
to be used. The food material of the present disclosure
may be further subjected to processing such as crushing,
pul veri zing, and granul ati ng as necessary to form the food
material into a desired form.

[ 0053]

The food composition of the present disclosure may

46



CA 03239834 2024-5-31

be any food composition as long as it includes the
substance according to the present disclosure that induces
the CD1lb expression in B cells. For example, the content
of the antibody according to the present invention in 100
wei ght% of the composition can be set as appropriate within
the range of 0.001 to 99.99 weight% taking into account
the degree of effect exerted by the composition or the
like. In one aspect, the content of the substance
according to the present invention that | nduces the CD1l1lb
expression in B cells in 100 wei ght% of the food

composi tion may be 0.001 to 99.99 weight% 0.01 to 99.99
wei ght%, 0.1 to 99.99 weight%, 0.2 to 99.99 weight% 0.3 to
99. 99 weight%, 0.4 to 99.99 weight% 0.5 to 99.99 wei ght%,
0.6 to 99.99 weight%, 0.7 to 99.99 weight% 0.8 to 99.99
wei ght%, 0.9 to 99.99 weight%, 1.0 to 99.99 weight%, 2.0 to
99.99 weight%, 3.0 to 99.99 weight%, 4.0 to 99.99 wei ght%,
5.0 to 99.99 weight%, 6.0 to 99.99 weight% 7.0 to 99.99
wei ght%, 8.0 to 99.99 weight%, 9.0 to 99.99 weight%, 10 to
99. 99 weight% 20 to 99.99 weight%, 30 to 99.99 weight%, 40
to 99.99 weight% 50 to 99.99 wei ght%, 60 to 99.99 wei ght%,
70 to 99.99 weight%, 80 to 99.99 weight%, or 90 to 99.99
wei ght%. In one aspect, the content of the substance
according to the present invention that | nduces the CD1l1lb
expression in B cells in 100 wei ght% of the food

composi tion may be 0.001 to 90 weight%, 0.001 to 80
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wei ght%, 0.001 to 70 weight%, 0.001 to 60 weight%, 0.001 to
50 weight%, 0.001 to 40 weight%, 0.001 to 30 wei ght%, 0.001
to 20 weight% 0.001 to 10 weight%, 0.001 to 9.0 wei ght%,
0.001 to 8.0 weight%, 0.001 to 7.0 weight% 0.001 to 6.0
wei ght%, 0.001 to 5.0 weight%, 0.001 to 4.0 weight%, 0.001
to 3.0 weight% 0.001 to 2.0 weight% or 0.001 to 1.0

wei ght%. In one aspect, the content of the substance
according to the present invention that induces the CDl1lb
expression in B cells in 100 wei ght% of the food
composition is preferably 1.0 to 80 weight%, 5.0 to 70

wei ght%, 10 to 60 weight% 20 to 50 weight%, or 30 to 40
wei ght%, but the content is not |imited thereto.

[ 0054]

I n one aspect, the composition of the present
disclosure is provided as a food additive added when the
above food is consumed or as a raw material composition for
produci ng the above food or food additive.

[ 0055]
(Feed Composi tion)

I n one aspect, the composition of the present
di sclosure i ncluding the substance that i nduces the CDl1lb
expression in B cells is provided as a feed compositi on.
The feed composition is a composition obtai ned by using the
feed composition of the present disclosure exclusively in

the field of feed.
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[ 0056]

Specific forms of the above-described feed
composition are not particularly limited, and, for exampl e,
the feed composition may be prepared by mi xing with an
ordinary feed or by mixing with an ingredi ent that can be
mi xed with an ordi nary feed as necessary, as long as the
effect exerted by the feed composition according to the
present disclosure described above is not impaired, or the
feed compositi on may be used as the feed per se.

[ 0057]

The feed composition of the present disclosure can
be provi ded as, for example, a feed composition |abel ed
with i mmunostimul ati on, mucosal i mmunostimul ation,

i ntestinal immunostimul ati on, mai ntenance or improvement of
mucosal flora, mai ntenance or improvement of intestina
flora, maintenance or improvement of health, mai ntenance or
i mprovement of intestinal flora, viral infection control,
bacterial infection control, fungal infection control, or
similar indications, or a feed composition for such uses.

[ 0058]

I n one aspect, the feed composition of the present
disclosure is admi nistered together with an antigen. In
one aspect, the feed composition of the present disclosure
is admi ni stered simultaneously with an antigen. In one

aspect, the feed composition of the present disclosure is
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admi ni stered separately from an antigen. |In a case where
the feed composition of the present disclosure is
admi ni stered separately from an anti gen, each
admi ni stration interval can be suitably selected. For
exampl e, the duration between each admi ni stration can be 5
mi nutes, 10 minutes, 20 mi nutes, 30 minutes, 1 hour, 2
hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8
hours, 9 hours, 10 hours, 11 hours, 12 hours, 24 hours, 1
day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, or the
l'i ke, but the duration is not limited thereto. The
frequenci es of administering the feed composition of the
present disclosure and an antigen may be the same as or
different from each other. The forms of the feed
composition of the present disclosure and a composition
compri sing an anti gen may be the same as or different from
each other. For example, the feed composition of the
present discl osure may be combined with a pharmaceuti cal
composi tion comprising an antigen. |n one aspect, the feed
composi tion of the present disclosure is provided as a
composi tion comprising an antigen. The antigen is not
particularly limited, and, for example, a viral, bacterial,
fungal, or parasitic antigen is sel ected.
[ 0059]

The feed composition of the present disclosure may

be any feed composition as long as it includes the
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substance according to the present disclosure that induces
the CD1lb expression in B cells. For example, the content
of the antibody according to the present invention in 100
wei ght% of the composition can be set as appropriate within
the range of 0.001 to 99.99 weight% taking into account
the degree of effect exerted by the composition or the
like. 1In one aspect, the content of the substance
according to the present invention that | nduces the CD1l1lb
expression in B cells in 100 wei ght% of the feed

composi tion may be 0.001 to 99.99 weight% 0.01 to 99.99
wei ght%, 0.1 to 99.99 weight%, 0.2 to 99.99 weight%, 0.3 to
99. 99 weight%, 0.4 to 99.99 weight%, 0.5 to 99.99 wei ght%,
0.6 to 99.99 weight%, 0.7 to 99.99 weight% 0.8 to 99.99
wei ght%, 0.9 to 99.99 weight%, 1.0 to 99.99 weight%, 2.0 to
99.99 weight%, 3.0 to 99.99 weight% 4.0 to 99.99 wei ght%,
5.0 to 99.99 weight%, 6.0 to 99.99 weight% 7.0 to 99.99
wei ght%, 8.0 to 99.99 weight%, 9.0 to 99.99 weight%, 10 to
99. 99 weight%, 20 to 99.99 weight%, 30 to 99.99 weight%, 40
to 99.99 weight% 50 to 99.99 wei ght%, 60 to 99.99 wei ght%,
70 to 99.99 weight%, 80 to 99.99 weight%, or 90 to 99.99
wei ght%. In one aspect, the content of the substance
according to the present invention that | nduces the CD1l1lb
expression in B cells in 100 wei ght% of the feed

composi tion may be 0.001 to 90 weight%, 0.001 to 80

wei ght%, 0.001 to 70 weight%, 0.001 to 60 weight%, 0.001 to
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50 weight%, 0.001 to 40 weight%, 0.001 to 30 wei ght%, 0.001
to 20 weight%, 0.001 to 10 weight%, 0.001 to 9.0 wei ght%,
0.001 to 8.0 weight%, 0.001 to 7.0 weight% 0.001 to 6.0
wei ght%, 0.001 to 5.0 weight%, 0.001 to 4.0 weight%, 0.001
to 3.0 weight% 0.001 to 2.0 weight% or 0.001 to 1.0

wei ght%. In one aspect, the content of the substance
according to the present invention that induces the CDl11lb
expression in B cells in 100 wei ght% of the feed
composition is preferably 1.0 to 80 weight%, 5.0 to 70

wei ght%, 10 to 60 weight% 20 to 50 weight%, or 30 to 40
wei ght%, but the content is not |imited thereto.

[ 0060]

I n one aspect, the composition of the present
disclosure is provided as a feed additive added when the
above feed is consumed or as a raw material composition for
produci ng the above feed or feed additive.

[ 0061]

The subj ect of administering the food composition or
feed composition of the present disclosure is not
particularly limited, but non-limiting examples include,
for example, mammals such as a human, a mouse, a rat, a
guinea pig, a rabbit, a hamster, a dog, a cat, a weasel, a
cow, a pig, a horse, a deer, a wild boar, a sheep, and a
goat, birds including poultry such as a chicken, a duck, a

turkey, and a quail, reptiles such as a snake and a turtle,
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amphi bi ans such as a frog, fishes such as a salmonid fish
species of Seriola and cobia, a freshwater trout, a
sweetfish, species of sea bass, sea bream, and Argyrosomus
japonicus, a flounder, a fugu, a young yellowtail, an
allied kingfish, a bluefin tuna, a jack mackerel, a striped
jack, a tiger puffer, a yellowtail amberjack, a striped
beakfish, a thread-sail filefish, a darkbanded rockfish, a
scorpionfish, a black sea bream, a black rockfish, a perch,
a red seabream, a chicken grunt, a girella, a chub
mackerel , a seven band grouper, a |longtooth grouper, an
eel, a catfish, a loach, a sturgeon, a tropical fish, a
til apia, a pangasius, a black carp, a bighead carp, a
silver carp, a grass carp, and a carp, a bivalve (an
oyster, a scallop, an asari clam, a mussel, or an Akoya
pearl oyster), an abalone, a shrimp, and seaweed.
[ 0062]
(Method for Treatment or Mai ntenance/| mprovement of Heal th)
I n one aspect, the present disclosure includes a
treatment method or heal th mai ntenance or i mprovement
method using the substance that induces CDllb expression in
B cells and the pharmaceuti cal composition, food
composi tion, or feed composition comprising the substance.
In the present disclosure, the treatment or heal th
mai ntenance or improvement method incl udes administering,

to a subject, the substance of the present discl osure that
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i nduces CD1lb expression in B cells or the “compositi on”,
“pharmaceuti cal composition”, “food composition”, or “feed
composition” of the present disclosure. The specific

di sorder or disease to be prevented or treated, subject of
the admi ni stration, administration method, and dosage may
al so be as described in the above “composition”
“pharmaceuti cal composition”, “food composition”, or “feed
composi tion”. Furthermore, the effect of maintaining or

i mprovi ng heal th which is obtained by the method of the
present disclosure is not particularly Iimited, as |long as
the effect | eads to the migration of activated B cells to a
germi nal center.

[ 0063]

In one aspect, the present disclosure provides a
method for causing the migration of activated B cells to a
germinal center in a subject in need of activation of the
mi gration of activated B cells to a germinal center, the
met hod i ncl udi ng admi ni steri ng a compositi on comprising a
substance that induces CD1lb expression in B cells to the
subj ect.

[ 0064]

In addition, in one aspect, the present disclosure
provides a method for treating a subject with a disease,
disorder, or condition which is treated by activation of

mi gration of activated B cells to a germinal center, the
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met hod i ncl udi ng admi ni stering a composition including a
substance that induces CD1llb expression in B cells to the
subj ect.

[ 0065]

Moreover, in one aspect, the present disclosure
provi des a method for causing i mmunostimul ation in a
subj ect in need of the immunostimulati on, the method
i ncl udi ng admini stering a composition comprising a
substance that induces CD1lb expression in B cells to the
subj ect.

[ 0066]

Furthermore, in one aspect, the i mmunostimul ation is
preferably stimulation of mucosal immunity. Therefore, the
present discl osure provides a method for stimulating
mucosal immunity in a subject, the method including
admi ni stering a composition comprising a substance that
i nduces CD1lb expression in B cells to the subject. The
stimul ati on of mucosal immunity includes stimulation of
gastroi ntestinal immunity (for example, intestinal immunity
and oral immunity) and nasal immunity, but the stimul ation
of mucosal immunity is not limited thereto.

[ 0067]

Furthermore, in one aspect, the imunostimul ation is

stimul ation of antigen-specific immunity in the mucosa.

Therefore, the present discl osure provides a method for
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stimulating antigen-specific immunity in the mucosa in a
subject in need of the stimulation of the anti gen-specific
immunity in the mucosa, the method including admini stering
a composition comprising a substance that induces CD11lb
expression in B cells to the subject. The mucosa incl udes
gastroi ntesti nal mucosa (for example, intestinal mucosa and
oral mucosa) and nasal mucosa, but the mucosa is not
limited thereto.

[ 0068]

I n one aspect, the immunostimul ation includes the
effect of maintaining or improving health invol ving
i mmunostimul ation (for exampl e, mucosal immunostimul ation
and intestinal immunostimulation), the effect of
mai ntai ni ng or improving health invol ving mai ntenance or
i mprovement of mucosal flora (for example, intestina
flora), and treatment of an infectious disease (for
exampl e, treatment of viral infection, bacterial infection,
fungal infection, or parasitic infection), but the
i mmunostimul ation is not limited thereto.

[ 0069]

Furthermore, in one aspect, the subject in need of
the stimul ati on of anti gen-specific immunity in the mucosa
is a subject in need of immunostimulation (for example,
mucosal i mmunostimul ati on and intesti nal

i mmunostimul ation), a subject in need of maintaining or

56



CA 03239834 2024-5-31

i mproving heal th i nvol ving i mmunostimul ati on, a subject in
need of maintaining or improving mucosal flora (for
exampl e, intestinal flora), a subject in need of

mai ntai ning or improving health i nvol ving mucosal flora, or
a subject in need of treatment of an infectious disease
(for example, treatment of viral infection, bacteria
infection, fungal infection, or parasitic infection).

[ 0070]

Therefore, in one aspect, the present disclosure
provi des a method for stimul ating immunity in a subject in
need of the i mmunostimul ati on (for example, mucosal
i mmunostimul ation or intestinal immunostimulation), the
met hod i ncl udi ng admi ni steri ng a composition comprising a
substance that induces CD1lb expression in B cells to the
subj ect.

[0071]

Furthermore, in one aspect, the present disclosure
provides a method for maintaining or improving health
i mprovement through i mmunostimulation in a subject in need
of the mai ntenance or improvement of health, the method
i ncl udi ng admi ni stering a composi tion comprising a
substance that induces CD1lb expression in B cells to the
subj ect.

[ 0072]

Furthermore, in one aspect, the present disclosure
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provi des a method for maintaining or improving mucosal
flora through immunostimulation in a subject in need of the
mai ntenance or improvement of mucosal flora (for example,
intestinal flora), the method including administering a
composi tion comprising a substance that induces CD11b
expression in B cells to the subject.
[ 0073]

Furthermore, in one aspect, the present disclosure
provi des a method for treating an infectious disease in a
subj ect in need of the treatment of an infectious disease
(for example, treatment of a viral infection, bacterial
infection, fungal infection, or parasitic infection), the
met hod i ncl udi ng admi ni steri ng a composition comprising a
substance that induces CD1llb expression in B cells to the
subj ect.
[0074]

In one aspect, the method for treatment or
mai ntenance or improvement of health of the present
di sclosure i ncludes a method for inducing migration of
activated B cells to a germi nal center, the method
i ncl udi ng preparing a composition comprising a substance
that induces CD1llb expression in B cells and administering
the composition to a subject requiring or requesting the
treatment or mai ntenance or improvement of heal th.

[ 0075]
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I n one aspect, the method for treatment or
mai ntenance or improvement of health of the present
di sclosure includes a method for stimulating immunity, the
met hod i ncl udi ng preparing a composition comprising a
substance that induces CD1lb expression in B cells and
admi ni stering the composition to a subject requiring or
requesti ng the treatment or mai ntenance or improvement of
health. |In one aspect, the immunostimulation is preferably
stimul ation of mucosal immunity and includes stimulation of
intestinal immunity.
[ 0076]

I n one aspect, the method for treatment or
mai ntenance or improvement of health of the present
di scl osure includes a method for maintaining or improving
mucosal flora, the method including preparing a composition
compri sing a substance that induces CD1llb expression in B
cells and admi nistering the composition to a subject
requiring or requesting the treatment or mai ntenance or
i mprovement of health. In one aspect, the method for
mai ntai ning or improving mucosal flora is preferably a
method for mai ntai ning or improving intestinal flora.
[0077]

I n one aspect, the method for treatment or
mai ntenance or improvement of health of the present

di sclosure includes a method for promoting expression of a
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high-affinity I gA anti body, the method including preparing
a composition comprising a substance that induces CDl1lb
expression in B cells and administering the composition to
a subject requiring or requesting the treatment or
mai ntenance or improvement of heal th.
[ 0078]

I n one aspect, the method for treatment or
mai ntenance or improvement of health of the present
di scl osure includes a method for obtai ni ng vacci ne adj uvant
activity, the method including preparing a composition
compri sing a substance that induces CDl11lb expression in B
cell s and admi ni stering the composition to a subject
requi ring or requesting the treatment or mai ntenance or
i mprovement of heal th.
[ 0079]

As the substance that induces the CD1llb expression
in B cells which is used in the method for treatment or
mai ntenance or improvement of health of the present
di scl osure, any substance descri bed above (the substance
that induces the CD1lb expression in B cells) can be used.
[ 0080]

The composition comprising the substance that
i nduces the CD1lb expression in B cells, which is used in
the method for treatment or mai ntenance or improvement of

heal th of the present disclosure, can be prepared by those
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skilled in the art by a known method. The substance that

i nduces the CD11lb expression in B cells can be prepared by
mi Xi ng the substance with an excipient, a carrier, or the
like. Alternatively, the substance can be prepared by
obtaining a composition which is obtai ned by mi xi ng the
substance that induces the CD1lb expression in B cells with
an excipient, a carrier, or the |ike in advance.

Exampl es

[ 0081]

Herei nafter, the present invention will be described
in more detail with reference to Examples, but these are
merely illustrative and do not limit the present
di scl osure
[ 0082]

Met hod
Mouse Animals

Bal b/c mice (8 to 12 weeks ol d) were obtai ned from
CLEA Japan, Inc. The mi ce were raised under specific
pat hogen-free conditions at the Animal Experiment Facility
of Institute for Quantitative Biosciences (1QB), The
Uni versi ty of Tokyo. All experiments were performed in
accordance wi th the gui delines of Animal Care and Use
Commi ttee at the 1QB, The University of Tokyo. [ gA-
Cre/YC3. 60flox mice (8 to 12 weeks ol d) provided by Dr.

Takahi ro Adachi of Tokyo Medi cal and Dental University were
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used for B cell transfer experiments. The | gA-Cre mice
were desi gned based on Reference 38 written by Cris Allen.
After mating with the YC3.60flox mi ce3? 40, | gAt cells were
identified as YC3. 60 cells.
[ 0083]
Fl ow Cytometry Analysis and Cell Sorting

Peyer's patches (PP) were careful ly excised from the
smal | intestines of the Balb/c mice. Single-cel
suspensi ons prepared from the PPs were incubated with the
fol | owi ng anti body combi nati ons. Phyacoerythrin-Cy7 (PE-
cy7) anti-mouse/human B220 (eBi oscience Inc. mAb RA3-6B2),
PE anti-mouse/ human B220 (Bi oLegend, | nc. mAb RA3-6B2),
FITC anti-mouse/human B220 (Bi oLegend, Inc. mAb RA3-6B2),
PE anti-mouse IgA (o chain-specific) (Southern Biotech),
Al exa Fluor (AF) 647 anti-mouse | gA (Southern Bi otech),
FITC anti-mouse CD1lb (BioLegend, Inc. mAb M1/70), and PE
anti-mouse CD1lb (BioLegend, Inc. mAb M1/70). PE-cy7 anti-
mouse CD11lb (eBioscience Inc. mAb M1/70), biotinylated PNA
(Vector Laboratories, Inc.), and APC-R700 hamster anti-
mouse CD95 (Fas) (BD Bi osci ences mAb | 02). AF488 anti -
mouse CD86 (BioLegend, Inc. mAb GL-1), APC anti-mouse CD184
(CXCR4) (BioLegend, Inc. mAb L236F12), PE anti-mouse | gM
(eBi osci ences I nc. mAb eB121-15F9), AF647 anti-mouse CD4
(Bi oLegend, Inc. mAb GK1.5), streptavidin PE (Bi oLegend,

Inc.), streptavidin APC (BioLegend, Inc.), and streptavidin
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AF488 (Life Technol ogi es Corporation). FSC-H/FSC-W gates
were used for single cell selection. Propidium iodide (Pl)
(NACALAI TESQUE, INC.) was used in order to exclude dead
cells. Flow cytometry anal ysis was performed using
Spectral Cell Anal yzer SA3800 (Sony Bi otechnol ogy Inc.).
Cel | sorting was performed using Cell Sorter SH800 (Sony
Bi otechnol ogy Inc.).
[ 0084]
| mmunohi st ochemi cal Anal ysi s

The separated Peyer's patches were flash frozen in
Optimum Cutti ng Temperature (OCT) Compound (Sakura Fi netek
Japan Co., Ltd.) and stored at -80°C. PP sections with a
thickness of 6 pm were prepared and dried overnight. The
next day, the PP sections were fixed with acetone (NACALAI
TESQUE, INC.), at -20°C for 10 minutes. After washing 5
times wi th phosphate-buffered saline (PBS), the PP sections
were i ncubated in bl ocking buffer (PBS/5% FCS (NI CHI REI
BI OSCI ENCES INC.)) for 30 minutes. The PP sections were
then incubated with the fol |l owi ng anti body combi nations in
a dark box at RT for 30 minutes or |longer. AF488 anti-
mouse/ human CD11lb (BioLegend, Inc. mAb M1/70), PE anti-
mouse/ human CD11lb (Bi oLegend, Inc. mAb M1/70), AF488 anti -
mouse CD4 (Bi oLegend, |Inc. mAb GK1.5), AF647 anti-mouse CD4
(Bi oLegend, Inc. mAb GK1.5), DAPI solution (BD Biosci ence),

AF488 anti-mouse CD54 (1 CAM-1) (BiolLegend, Inc. mAb
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YN1/1.7.4), AF647 anti-mouse CD54 (I CAM-1 mAb YN1/1.7.4)
(Bi oLegend, Inc.), biotin anti-mouse CD1lc (eBi oscience
Inc. mAb N418), AF488 anti-mouse MAdCAM-1 (BioLegend, Inc.
mAb MECA-367), and PE anti-mouse MAdCAM-1 (BioLegend, Inc.
mAb MECA-367). Biotinylated PNA, AF647 anti-mouse IgA (¢
chain-specific) (Southern Biotech), PE anti-mouse IgA (o
chai n-speci fi c) (Southern Bi otech), and streptavidin AF488
(Li fe Technol ogi es Corporation). Observation was performed
usi ng a microscope LSM880 (Carl Zeiss AG). |mages were
anal yzed using ZEN 2009 (Carl Zeiss AG) software.
[ 0085]
Mi croarray Analysi s

RNAs were extracted from 25,000 CD11btl gA+ B cells
and 100, 000 CD11b-I gAt B cells using Nucl eoSpin RNA XS
(Takara Bio Inc.). Microarray anal ysis was performed using
SurePrint G3 Mouse GE v2 8x60K Mi croarray Chip (Affymetrix)
to detect gene expression.
[ 0086]
RNA Purification and Real -Ti me PCR

About 1 x 104 PP GC B cel s (PNAhB220+ cells) and
about 1 x 104 non-GC PP B cells (PNAI°B220+) were each
sorted. RNAs were extracted from the isolated cells using
Nucl eoSpi n RNA XS (Takara Bio Inc.), and cDNAs were
synthesi zed using GoScript (registered trademark) Reverse

Transcri ptase (Promega Corporation). Using KAPA SYBR
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(registered trademark) FAST gPCR Master Mix (2X) Kit (Kapa
Bi osystems, Inc.), real-time PCR was performed in
triplicate on an optical 384-well PCR plate (F. Hoffmann-
La Roche Ltd) using LightCycler 480 (F. Hoffmann-La Roche
Ltd). Gene expression |levels were normalized to the
expression level of the housekeeping gene PB-actin. The
fol |l owing primers were used for the anal ysis.

p-actin fw: 5’-CCAACCGTGAAAAGATGACC-3',

B-actin rv: 5’-CCAGAGGCATACAGGGACAG-3',

itgam (CD11lb) fw: 5’ -CAGATCAACAATGTGACCGTATGGG- 3",

itgam (CD1lb) rv: 5'-CATCATCATGTCCTTGTACTGCCGCTTG-

ai cda (AID) fw: 5 -CCTACGCTACATCTCAGACT-3',

Al CDA (AID) rv: 5 -CTTTGAAGGTCATGATCCCG- 3",
BCL6 (BCL6) fw: 5 -TCCTCACGGTGCCTTTTTACA-3",
bcl 6 (BCLB) rv: 5" - TAACGACAAGCATGACGCAG- 3",
irf4 (1RF4) fw: 5 -AGGTCTGCTGAAGCCTTGGC- 3",
irf4 (IRF4) rv: 5" -CTTCAGGGCTCGTCGTGGTC- 3",
slpr2 (S1PR2) fw: 5’ - GTGACGGGACGCAGAGGT-3’,
slpr2 (S1PR2) rv: 5’ - AAATGTCGGTGATGTAGGCATG- 3',
bcl 2 (BCL2) fw: 5" -TGAGTACCTGAACCGGCATCT-3",
bcl 2 (BCL2) rv: 5" -GCATCCCAGCCTCCGTTAT- 3",
gpr183 (EBI 2) fw: 5 - GACATCCTGTTTACCACAGCT-3',
gpr183 (EBI 2) rv: 5’ - AGACCAGAATCCAGACGGACA- 3’

[0087]
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I n vivo I magi ng

For imaging of the migration, the | gA-Cre/YC3. 60f!ox
mice (8 to 12 weeks old) were anesthetized using a mi xture
of 3 types of anesthetics, as described in Reference 41.
The abdomi nal walls were carefully incised to expose the
small intestines. PPs were visually identified. About
8,000 isolated CD11b+*l gA+ PP B cells and about 30, 000 CD11lb-
| gA+ PP B cells were | abel ed with the Cel | Tracker Orange
CMTMR fl uorescent dye (I nvitrogen Corporation) and then
directly injected into the PPs of |gA-Cre/YC3. 60flox
transgenic mice using a 25-pL syringe (Trajan Scientific
and Medical). The PPs into which the cells were
transpl anted were observed using an LSM880 mi croscope (Carl
Zei ss AG). |Images were anal yzed using the ZEN 2009
software (Carl Zeiss AG). After observing the PPs using
the mi croscope for 1 hour, the abdomi nal incision sites
were carefully closed using an ELP skin stapler (Akiyama-
sei sakusyo. Co., Ltd.). 40 hours after the transpl ant,
the PPs containing the transplanted cells were observed
again using the LSM880 mi croscope (Carl Zeiss AG) under
anesthesi a, whereby the |ocalization of the transpl anted
CD11btl gA* PP B cells was confirmed, and anal ysis was
performed usi ng the ZEN 2009 software (Carl Zeiss AG).
[ 0088]

Conj ugati on Anal ysis
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Conj ugati on between the CD11lbtl gAt+ PP B cells and
CD4+ PP T cells was anal yzed by flow cytometry using Cel
Sorter SH800 (Sony Biotechnology Inc.). Singlet cells were
sel ected using FSCH/FSC-W gates. The singlet cells were
sel ected using the FSCH/FSC-W gates, and the conjugated
cel | s were negatively selected by singlet cell gate
di scrimi nation. The conjugated cells were isolated from
the PP conjugated CD11lb+l gA+CD4+ for imaging, and
observati on was performed using the mi croscope LSM880 (Carl
Zei ss AG) and the ZEN 2009 (Carl Zeiss AG) anal ysis
sof tware.
[ 0089]
| sol ation of CD11lbtl gA+ PP B Cells Using i GB Cul ture System

About 800 sorted CD1l1lbtl gAt PP B cells and 800 sorted
CD11b-1 gAt PP B cells were dyed with CellTrace Viol et
Proliferation Kit (Invitrogen Corporation). Since the
number of isol ated CD11lb+*l gAt PP B cells was very | ow,
5,000 CD11lb-1gA* PP B cells and 5 x 104 naive splenic B
cells (negatively isolated by B cell isolation kit
(Miltenyi Biotec B.V. & Co. KG)) were prepared as positive
controls. To monitor cell proliferation, the sorted CDllb-
| gA+ PP B cells, CDllbt*l gA* PP B cells and naive splenic B
cells were seeded in a 6-well tissue culture dish in the
presence of 40LB cells pretreated with mitomycin C to

inhibit growth. The cells were cultured at 37°C and 5% CO2
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for 3 days, using RPMI-1640 medi um (Wako Pure Chemi cal
I ndustries, Ltd.) (containing 10% FCS, 5.5 x 10-5 M 2-
mer captoethanol (ME) (NACALAlI TESQUE, INC.), and 10 mM
HEPES (NACALAI TESQUE, INC.)). The isolated CD11lbtl gA*+ PP B
cells and CD11bI gA* PP B cells were cultured with rlL-21
(10 ng/ml; PeproTech, Inc.), and the naive splenic B cells
were cul tured with riL-4 (1 ng/ml; BiolLegend, Inc.). Flow
cytometry anal ysis was performed using an i GB cul ture
system to detect CellTrace Violet from Day 0 to Day 3. The
CD11b expression in the cultured cells was anal yzed by fl ow
cytometry on Day O and Day 1 using Cell Sorter SH800 (Sony
Bi otechnology Inc.) and Spectral Cell Analyzer SA3800 (Sony
Bi otechnol ogy Inc.).
[ 0090]
Spl eni ¢ CD11b*B Cells Stimul ated wi th Pam3CSK4 on i GB
Cul ture System

As for culturing splenic CDl1bt B cells in the i GB
cul ture system, splenic naive B cells were cultured with
pam3CSK4 (I nvi voGen) for 3 days, and the expression of
CD11lb was induced. Next, 1.5 x 105 CDl1llb* splenic B cells
and 1.5 x 105 CD1lb- splenic B cells were isolated by flow
cytometry, dyed with CellTrace Violet (Invitrogen
Corporation), and then cultured for 4 days using IL-4 (1
ng/ml; BiolLegend, Inc.) in a 40LB system. Next, using Cel

Sorter SHB00 (Sony Biotechnology Inc.) and Spectral Cel
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Anal yzer SA3800 (Sony Biotechnology Inc.), the CD1lb
expressi on was anal yzed by flow cytometry.
[ 0091]
Preparati on of Bacteria for Stimulating B Cells

E. coli (DH50) and S. Enterica were seeded in 5 ml
of LB medium from a glycerol stock and cul tured by shaking
at 180 rpm overnight at 37°C. On Day 2, 0.5 ml of the cel
suspensi on was re-suspended in 10 ml of LB medium. The
cul ture solution was subjected to shake cul ture at 37°C for
3 hours, and the growth curve of the culture sol uti on was
observed using the optical density (OD) at a wavel ength of
600 nm (OD600) detected every 30 minutes. 100 pl of serial
di lution solution of the cell suspension was di spersed on
an LB plate, and CFU was cal cul ated. Based on the growth
curve, the E. coli and S. Enterica were cultured and
harvested, and heat-killed in an autoclave (121°C, 15
mi nutes) .
[ 0092]

Similarly, B. bifidum and B. breve were
anaerobi cally cultured in a Difico Lactobacilli MRS broth
(Becton, Dickinson and Company) medium at 37°C, and heat-
killed in an autocl ave.
[ 0093]
Stimul ation of Splenic B cells (in vitro)

Splenic B cells were negatively sorted from the
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spl eens of 8-week-old Balb/c mice using a B cell isolation
kit (Miltenyi Biotec B.V. & Co. KG). The splenic B cells
(concentration: 5 x 105/ml) were cul tured in RPMI 1640
medi um, and 13 types of independent stimuli were each
applied thereto. The results of titrating each stimulus to
sel ect the appropriate concentration of each stimulus are
shown in Figs. 1lle to g.
[ 0094]

1. Anti-mouse IgM (15 pg/ml; Jackson ImmunoResearch
Laboratories Inc.)

2. Anti-mouse-CD40 (HM40-3, 500 ng/ml; manufactured
by Bi oLegend, Inc.)

3. BAFF (50 ng/ml; BiolLegend, Inc.)

4. Pam3CSK4 (1 pg/ml, InvivoGen)

5. Poly 1:C (25 ng/ml, InvivoGen)

6. LPS (50 ng/ml, Sigma-Aldrich, Inc.)

7. Flagellin (20 ng/ml, Sigma-Aldrich, Inc.)

8. Imiquimod (R837, 5 ng/ml; I nvivoGen)

9. CpG (20 pg/ml, GeneDsign Inc.)

10. Heat-killed E. coli (107 CFU/ml)

11. Heat-killed S. Enterica (108 CFU/ml)

12. Heat-killed B. bifidum (107 CFU/ml)

13. Heat-killed B. breve (107 CFU/ml)

The CD11lb expression in the stimul ated B cells was

anal yzed on Day O and Day 3 using Cell Sorter SH800 (Sony
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Bi ot echnol ogy Inc.) and Spectral Cell Analyzer SA3800 (Sony
Bi otechnology Inc.).
[ 0095]

For MDP stimulation, purified splenic B cells (5 x
105/ml) were cultured in RPMI 1640 medi um suppl emented with
N-acetylmuramyl-I—-alanyl-D-isoglutamine hydrate (1 pg/ml;
Sigma-Al drich Inc.).

[ 0096]

To anal yze a TLR inhibitor and a NOD2 i nhibitor,
purified splenic B cells (5 x 105/ml) were cultured in
RPMI 1640 medi um contai ning a TLR1/2 antagoni st CU-CPT (1
pM; Sigma-Aldrich Inc.), a TLR4 inhibitor TAK-242 (1 uM;
Sigma-Aldrich Inc.), or NOD2 signaling inhibitor 11, and
GSK717 (30 uM; Sigma-Aldrich Inc.) in the presence of
pam3CSK4 (1 upg/ml, InvivoGen), LPS (50 ng/ml; Sigma-Aldrich
Inc.), CpG (20 pg/ml, GeneDsign Inc), and heat-killed E.
coli (107 CFU/ml).

[ 0097]
| mmuni zati on

On Day 0 and Day 16, the mice were orally
administered with OVA (1 mg), OVA (1 mg) + pam3CSK4 (10 ng,
I nvi voGen), or OVA (1 mg) + heat-killed E. coli (10° CFU in
100 pl). Stools were collected on Day 21, and OVA-specific
anti body measurement was performed by enzyme-Ii nked

i mmunosorbent assay (ELI SA).
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[ 0098]
ELI SA Detecti on of OVA-Specific | gA

The stools were suspended in 10-times wei ght/vol ume
(w/v) PBS. After performing centrifugation (8, 000 g, 15
mi nutes), the supernatant was collected as a fecal extract.
A plate was precoated with 1 mg/ml OVA overnight, followed
by bl ocking with PBS containing 1% (w/v) bovine serum
al bumin at room temperature for 1 hour. Then, a serially
diluted fecal extract was added to the plate, and the plate
was incubated at room temperature for 1 hour. Relative
avidity of 1 gA was detected using al kali ne phosphatase-
| abel ed goat anti-mouse | gA (manufactured by Southern
Bi otech). After incubation overnight at 4°C, optical
density (OD) values at 405 nm were measured using Tri Star
Mul ti mode Reader LB 942 (manufactured by Berthol d
Technol ogi es GmbH & Co. KG).
[ 0099]

Oral Administration of Heat-Killed Bacteria to WT Mice
Balb/c mice (8 to 12 weeks ol d) were orally
admi ni stered with heat-killed E. coli (10° CFU diluted in
100 pl of PBS), S. Enterica (102 CFU diluted in 100 pl of

PBS), B. bifidum (10° CFU diluted in 100 pl of PBS), B.
breve (10° CFU diluted in 100 pl of PBS), or pam3CSK4 (10
ng diluted in 100 pl of PBS). Mice orally administered

with 100 pl of PBS were prepared as controls. 2 days
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| ater, the PPs of these mice were excised, and B cells in
the GCs were anal yzed using Spectral Cell Analyzer SA3800
(Sony Bi otechnology Inc.), as described above.
[0100]
Admi ni stration of Oral Adjuvant using OVA as Antigen

Using OVA 1 mg as an antigen, each adjuvant (CpG-K3
(GeneDsign Inc.) 10 pg, CpG-0ODN1826 (Invirogen Corporation
tlrl-1826) 10 ng, or heat-killed E. coli 10? c.f.u.) was
mi xed wi th the antigen, C57BL/6 mice were subjected to ora
i mmuni zation 3 times every 2 weeks, and bl ood was col | ected
on the second day after the third i mmuni zation. Serum TNF-
o levels were measured in accordance with the protocol of
mouse TNF-a ELISA kit (Invitrogen Corporation, BMS607-3).
[0101]
In Vivo Imaging of Transplanted i GB cells | nduced by Pre-
Stimul ation

As described above, splenic naive B cells were
cul tured separately in vitro for 3 days using pam3CSK4 (1
ng/ml, InvivoGen), heat-killed E. coli (107 CFU/ml), CpG
(20 pg/ml, GeneDsign Inc), or anti-IgM-Ab (15 pg/ml,
J ackson | mmunoResearch Laboratories Inc.). Then, 1 x 105
B220+* B cells were isolated from the stimul ated cells, and
subsequently, the cells were seeded onto 40LB feeder cells
suppl emented with riL-4 (1 ng/ml; BioLegend, Inc.) to

induce i GB cells. As a control group, splenic naive B
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cells not subjected to stimul ati on were seeded onto the
40LB feeder cells supplemented with riL-4 (1 ng/ml;
Bi oLegend, Inc.). After culturing for 4 days, naive B-40LB
cel |'s, pam3CSK4-40LB cells, E. coli-40LB, |gM-40LB, and
CpG-40LB cells of 3 x 105 iGB cells (B220*) were isol ated,
| abel ed with Cell Tracker Orange CMTMR fl uorescent dye
(I'nvitrogen Corporation), and then separately injected
intravenously into mice (Balb/c, 8 to 12 weeks ol d)
together with 10 ug of AF488 anti-mouse MAJCAM-1
(Bi oLegend, I nc. mAb MECA-367) to identify HEV. Under
anesthesia, 1 ug of AF647 anti-mouse IgA (Southern Biotech)
was directly injected into the PPs of the same mice into
which iGB cells were transferred, to stain the | gA+ cells
for GC identification. Localization of intravenously
injected labeled i GB cells was observed using a mi croscope
LSMB880 (Carl Zeiss AG) and ZEN 2009 (Carl Zeiss AG)
anal ysis software.
[0102]
Amplification of DNA in Rearranged VD] Regi on and
Downstream | ntron

The rearranged VD] sequence with a downstream
introni ¢ sequence was amplified by 2 rounds of nested PCR
usi ng several different upstream primers (here, “S” is C or
G, “R" is Aor G, “NMis A G C or T “M”" is Aor C, and

“W’ is A or T). MH1l, 5 SARGTNMAGCTGSAGSAGTC-3'; MH2, 5'-

74



CA 03239834 2024-5-31

SARGTNMAGCTGSAGSAGTCWGG- 3" ; MH3, 5" - CAGGTTACTCTGAAAGWGTSTG-
3". MH4, 5" --GAGGTCCARCTGCAACARTC-3"; MH5, 5" -
CAGGTCCAACTVCAGCARCC- 3’ ; MHG6, 5'- GAGGTGAASSTGGTGGAATC-3'.
MH7, 5" - GATGTGAACTTGGAAGTGTC- 3 was used together with the
JH4R primer (5" -GACTAGTCCTCTCCAGTTTCGGCTGAATCC- 3" )16.42
whi ch is compl ementary to the sequence | ocated at the 5’
end of the IgH intron enhancer. In the second PCR, the
same upstream primer was used together with the JH4R-2
primer (5 -CAGGTGGTGTTTTGCTCA-3") which is compl ementary to
the upstream sequence of the JH4R primer. In the
amplification, PrimeSTAR Max DNA Pol ymerase (manufactured
by Takara Bio Inc.) was used, and 20 cycles of first round
PCR and 30 cycles of second round PCR (95°C 15 seconds,
58°C 10 seconds, and 72°C 30 seconds) were performed.
After cloning the PCR product into pGEM T vector (Promega
Corporation), colony PCR was performed with the JH4F primer
(5 -TAT GCT ATG GAC TAC TGG-3") and the JH4R-2 primer using
Emeral dAmp (regi stered trademark) PCR Master Mix (Takara
Bio Inc.), and clones containing the intronic sequence were
sel ected.
[0103]
DNA Sequence and SHM Anal ysi s

After separating the plasmid DNA, DNA sequence
anal ysis was performed using the T7 primer and the SP6

primer. The consensus of the I gH introni c DNA sequence was
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obtai ned from Accession No. A} 851868.3. The rearranged
VD) was anal yzed by | gBLAST.
[0104]
Statistical Analysis

Unl ess otherwi se stated, statistical analysis was
performed usi ng GraphPad Prism version 8.4.2 for Mac
(GraphPad Software, San Diego, CA, USA). Differences
bet ween 2 groups were compared using a two-tailed Student's
t test. In a case where there are 3 or more groups, one-
way or two-way analysis of variance (ANOVA) was performed,
fol | owed by Tukey's mul tiple comparison test. Details
regardi ng statistical tests and number of groups and
replications are provided in the legend in the drawing. A
p value < 0.05 was considered significant.
[ 0105]
Exampl e 1: Small Popul ation of |1gA* B Cells Expressing
CD11b in Mouse PP

The presence of a small popul ati on of CD1lbtl gAt B
cells (about 0.1% to 0.2% of PP B cells) in PP was
confirmed by flow cytometry (Figs. 2a and 6a). Both
CD11btl gA+ and CD11b-I gA+ PP B cells exhibited typical GC B
cel | phenotypes such as Peanut Agglutinin (PNA)bhish and
Fas*16 (Figs. 2b and c)
[0106]

Next, since pre-GC B cells exist in the |IF region
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(outside GC) before entering the GC, the | ocalization of
CD11btl gAt B cells was investigateds 4,
I mmunohi stol ogical ly, the GC regi on was specified by
expressi on of both PNA and I gA (Fig. 2d). As aresult, it
was found that only two CD11lb+*l gA* B cells (yellow cells)
were present in the region outside the secti oned GC (Figs.
2d and 7). Next, the localization of CD1lb |igand was
anal yzed. Intercellul ar adhesion molecule 1 (1 CAM-1) is
widely known as a ligand for CD1lb/CD18 that medi ates cel
adhesi on and migrationl’. As previously reporteds 18, both
GC B cells and high endothelial venules (HEV) in the IF
regi on express | CAM-1. Furthermore, HEV al so expresses
mucosal addressin cell adhesion mol ecul e-1 (MAdCAM-1)19
(Figs. 2e and 8). Although direct binding of CD11lb+*l gAt PP
B cells to HEV could not be confirmed, in the IF regi on of
the PP section, 6 out of 7 CDllbtl gAt PP B cells were found
to be | ocated near HEV (Fig. 2f). Another CD1lb*l gAt* PP B
cell (No.7) was |located near GC (Fig. 2f), but was not
present within the GC, suggesting that the cell may have
migrated from the IF to the GC.
[0107]

The next question was whether the CD11lb+l gA* PP B
cel |l s subsequently migrated from outsi de the GC into the
GC. (CD11lbtl gAt and CD11b-1 gAtPP B cells were isol ated,

| abel ed, and separately injected into the PPs of different
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| gA- Cre/ YC3. 60flox reporter mice. Since the GC of PP can be
identified in a region enriched with | gAt B cells (Fig.
2d), in the reporter mi ce which fluoresce YC3.60 in | gA*
cells, GCs in the PPs can be easily identified. 1 hour
after the injection, the injected CD11lb'l gAt B cells were
| ocated inside the GC (Fig. 2g), suggesting that the CD1l1lb-
| gA+ B cells were GC B cells. Meanwhile, the injected
CD11btl gA+ B cell s surrounded the GC, instead of entering
the GC (Fig. 2g). 40 hours after the injection, the
injected CD11bt+l gA+ B cells also entered the GC (Fig. 2h).
In this manner, the CD1llbtl gA* B cells which were
originally in the IF region migrate to the GC.
[0108]
Exampl e 2: Gene Expression in CD1lbtl gAt PP B Cells

To further confirm the phenotype of pre-GC B cells,
CD11bt*l gA+ and CD11b-1 gA* PP B cells were isolated and the
gene expressi on was compared by microarray anal ysis (Figs.
3a and 6b). It was shown that CD1lbtl gAt B cells expressed
GC genes at a relatively low level, and non-GC genes at a
rel atively high level, compared to the CDllb-I gA+ B cells,
and the CD11lb+l gA+ B cells were a different popul ati on from
the CD11lb-1gA+* B cells. To confirm the microarray results,
quanti tative PCR (gPCR) was further performed (Figs. 3b and
6b) to compare the gene expression in the CD11lbtl gA+ B

cells and the gene expression in GC (PNAhighB220t) and non-
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GC (PNAIowB220t) PP B cells. The inventors sel ected 3 genes
that are highly expressed in GC B cells, including bcl6 (a
key transcription factor restricted in GC B cells), aicda
(an enzyme that encodes acti vati on-induced cyti di ne

deami nase (AID) and induces somatic hypermutation (SHM) and
class switch recombination), and slpr2 (a receptor that
controls the position of B cells within and outsi de GC)10.20-
22, and 2 non-GC genes, gprl83 (a receptor that controls
the position of B cells outside a follicle) and bcl2 (a
transcription factor highly expressed in non-GC B

cel 1 §)10.23.24  The expression | evels of these genes in
CD11b+l gA+ and CD11lb-1 gA* PP B cells are different from
those in non-GC B cells (Fig. 3b), indicating that both of
these two popul ations are likely to be GC B cells. Since
the expression | evel of the transcription factor irf4,

whi ch has been demonstrated to be required for initiation
of GC response, is increased in pre-GC B cel|s10.11.25 the
expression of irf4 was further analyzed. The irf4
expressi on was higher in CD11lbtl gA+ PP B cells than in
CD11b-1 gAt PP B cells (Fig 3b), thus finding that the
CD11btl gA+ PP B cells were the pre-GC B cells. However,
taking into account that some of the B cells in the GC
l'ight zone (LZ) al so highly express irf48.25 the expression
of CXCR4 and CD86 in CDllb+*l gA* PP B cells was subsequently

anal yzed by flow cytometry. Since GC LZ B cells are
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identified as CD86h 9hCXCR4!ow B cel | s3.8, compared to CD1llb-
| gAt B cel | s,

the CD86 expression is |ow, and the CXCR4 expression
is high in CD11lb*I gA* B cells (Figs. 3c and 6¢), thus
i ndi cati ng that the CD11lb*l gA* B cells were pre-GC B cells,
rather than GC LZ B cel | s.
[0109]
Exampl e 3: CD11lb+l gA+ PP B Cells Interact with T Cells
Bef ore Entering GC

To enter GC, pre-GC B cells need to interact with T
cells and DCs, as previously reported326, Therefore,
whet her CD11btl gAt PP B cells interact with CD4+ T cells
bef ore entering GC was investigated. |gA+* PP B cells were
not CD4+ positive by single B cell gate by fl ow cytometry
(Figs 3d and 9). However, a distinct popul ati on of | gA+CD4+
doubl e- positive PP cells was present in conjugate B cells
(Figs. 3d and 9), indicating that these | gAt PP B cells
interact with CD4* T cells. Particularly, 40% or more of
the CD11lb*l gAt* B cells were shown to be bound to CD4+ T
cells (Figs. 3e and f and 9), suggesting that CD1lb+*l gA* PP
B cells interact with CD4+ T cells. On the other hand,
about 14.5% of CDllb-1 gAt PP B cells interact with CD4+ T
cells, and there is a possibility that, in GC LZ, the
CD11b-l1 gA* PP B cells interact with CD4+ T follicul ar hel per

(Trw) cells (Figs. 3e and f)48 When conjugated cells
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separated from PP are photographed with a confocal
mi croscope, the interaction between CD11btl gAt PP B cells
and CD4+ T cells was further confirmed (Fig. 3g). Thus,
the present results clearly indicate that CD11b*l gA* PP B
cells are pre-GC PP B cells.
[0110]
Exampl e 4: CD11b+l gA+ PP B Cel |l s Accumul ate SHMs in I g Gene

To confirm whether CD11lb+l gA+ B cells are derived
from newly activated naive B cells, the sequences of both
the rearranged VD] regi on and the downstream intronic
sequence were determined in I gH of CDllb*l gAt and CD11b-| gAt*
PP B cells, revealing that SHM was introduced during the GC
response (Figs. 10a and b)16, Mutations were found in 80%
or more of the sequences in CD11lb+*l gAt PP B cells (21 out
of 25 clones) and CD1lb-1 gA+ PP B cells (32 out of 39
clones) (Fig. 10b). This indicates that CD1lb*l gA* PP B
cells are derived not only from newly acti vated naive B
cells but also from memory B cells that have re-entered GC,
as previously reporteds?7.
[0111]
Exampl e 5: Bacterial Antigens |Induce CD1lb Expression in
Nai ve Splenic B Cells

The findings of the inventors on CD11lbtl gA* PP B
cel |l s raise another question: what causes the CD1llb

expression in pre-GC B cells. B cells transform into pre-
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GC B cells not only by stimulation with an antigen but al so
by interaction with DCs and T cells3.426, To investigate
what kind of signal induces the CDllb expression, the
inventors isolated naive splenic B cells from non-i mmuni zed
mice and cultured the cells in vitro using anti-IgM to
cross-1ink BCR, B-cell activating factor (BAFF) to interact
with DCs, and anti-CD40 to interact with T cells. However,
these stimuli that mimi cked the T-B and DC-B interactions
did not induce CDl1lb in naive B cells. Next, naive B cells
were stimulated using different Toll-1ike receptor (TLR)

l'i gands, such as pam3CSK4 for TLR2, poly I:C for TLR3,

| i popol ysaccharide (LPS) for TLR4, flagellin for TLR5,

i mi quimod for TLR7, and CpG for TLR9. After 3 days of

cul turing, the number of B cells stimulated by pam3CSK4,
LPS, and CpG was significantly increased compared to the B
cells stimulated with anti-1gM, anti-CD40, BAFF, poly |:C,
flagellin, and imiquimod (Figs. 1la and b). The
proportions of CDllbt* B cells in the B cells stimul ated

wi th pam3CSK4 and LPS were 27.6% and 8%, respectively,
whereas the proportions of CDllbt* B cells in the B cells
stimulated with other stimuli were 5% or |ess (Figs.4-1la
and b). What is notable is that while B cell proliferation
was activated by CpG, CDllb expression was not induced by
CpG. Furthermore, expression of itgam (CD1lb) in B cells

was confirmed to be increased only in the case of
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stimulating with pam3CSK4 and LPS, which are known to be
bacterial antigens (Fig 4-1c). Next, when heat-killed E.
coli was prepared that strongly stimul ates both TLR2 and
(or) TLR427.28, the heat-killed E. coli significantly
i nduced CD11lb expression in splenic B cells (Fig. 4-1la).
From these results, it was found that bacterial antigens
whi ch are ligands for TLR2 and TLR4 i nduce CD11lb in B
cells.
[0112]

Since B cells inside PP GCs do not express CDllb
(Fig. 2d), it is considered that the CD11lb expression in B
cells is transient and converges through the T-B and DC-B
interactions. Thus, using 40LB cells expressing CD40L and
BAFF26 as a feeder |ayer, the surface phenotype was tracked
by using in vitro induced GC B cell (iGB) culture system
that mimics the roles of T cells and DC cells and induces
GC-like B cells. When cells are cultured in the i GB
system, isolated CDl1lbtl gA* PP B cells were able to
proliferate at levels similar to those of isolated CD1lb-
| gA+ PP B cells and naive splenic B cells (Figs. 12a and
b). In fact, the isol ated CD11b+l gA+ PP B cells |ost the
CD11lb expression when cultured in the iGB system for 1 day
(Figs. 4-1d and 12a). Similarly, when CDllb* splenic B
cel | s induced by pam3CSK4 were cultured in the i GB system

for 4 days, the CD1lb expression was | ost (Figs. 4-1le and

83



CA 03239834 2024-5-31

12c). In splenic naive B cells treated with anti-CD40 Ab
and anti-IgM Ab, the CD1lb expression was significantly
suppressed even in the presence of pam3CSK4 (Figs. 4-1f to
h). This indicates that the interacti on between T-B cells
and BCR cross-1linking downregul ate the CD11lb expression in
B cells. Therefore, it is reasonable that only a smal
number of CD11lb+l gA+ PP B cells are found in the living
body (Fig. 2).

[0113]

To further confirm whether TLR2 and TLR4 are
involved in the inducti on of CDllb expression in splenic B
cells, splenic B cells were stimul ated with pam3CSK4, LPS,
CpG, and heat-killed E. coli in the presence of a TLR1/?2
inhibitor, a TLR4 inhibitor, and a NOD2 inhibitor. NOD2 is
known to be involved in signaling downstream of TLR229,
Interestingly, pam3CSK4 and heat-killed E. coli increased
the proportion of CDllb* B cells when the TLR1/2 inhibitor
was used, whereas the proportion did not increase with the
TLR4 inhibitor (Fig. 4-1i). Meanwhile, muramyl dipeptide
(MDP), a ligand for NOD2, did not induce the CDllb
expressi on, but the NOD2 inhibitor strongly suppressed the
CD11b expression in B cells stimul ated with pam3CSK4 and
heat-killed E. coli (Fig. 11d). Such result strongly
suggests that the CD1lb expression is partially induced by

bacteri a-deri ved stimul ation via NOD2, instead of being
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directly induced by the acti vation of TLR2 and TLR4 (Fig.
4-1i).
[0114]

When heat-killed Kl ebsi el |l a pneumoni ae bel ongi ng to
the phyl um Proteobacteria and Bacteroi des vul gatus
bel ongi ng to the phyl um Bacteroi detes were tested in the
same manner as E. coli, it was confirmed that these
bacteria al so induce the CD1lb expression. The proportions
of CD11lb+ B cells in B cells after stimul ation with each of
the bacteria are shown in Fig. 4-2. The present result
i ndi cates that bacteria bel onging to the phylum
Proteobacteri a and bacteria bel onging to the phylum
Bacteroi detes induce the CD11lb expression in naive splenic
B cells.
[0115]
Exampl e 6: Promoti on of GC Response by Oral Admi nistration
of Heat-Treated CD11lb-1 nduci ng Bacteria

Next, the question was what kind of bacteria can
i nduce pre-GC B cells through CD11lb expression. E. col
and S. Enterica were selected as harmful bacteria, and
Bi fi dobacterium bi fidum (B. bifidum) and B. breve were
sel ected as representative beneficial bacteria. E. col
and S. Enterica induced the CD1lb expression by in vitro
stimul ation, while B. bifidum and B. breve did not induce

the CD11lb expression (Figs. 5a and b). When pam3CSK4 and
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heat-kil | ed bacteria were orally administered to mice, the
number and proportion of PP GC B cells increased within 2
days (Figs. 5c to e). This suggested that only harmful
bacteria can enhance the ongoing GC response in the |iving
body.

[0116]

Exampl e 7: Transi ent Expression of CDllb Allows cultured B
cells to enter GC.

Next, whether CD1lb+ B cells induced in vitro can
enter existing GC was determined. To induce GC B cells in
vitro, CDllb was induced by stimul ating splenic naive B
cells with pam3CSK4 or heat-killed E. coli in vitro, and
then the cells were cultured on 40LB cells for 4 days.
When iGB cells stimulated in advance with pam3CSK4 and
heat-treated E. coli, which are the stimuli that induces
CD11b, were intravenously injected into mice, most of the
cells entered GC, whereas iGB cells not expressing CDllb
after stimulation with CpG and anti-1gM in advance did not
enter GC (Figs. 5f and 13). The above results indicate
that expressing CD1lb in B cells before the T-B or DC-B
interaction is essential for pre-GC B cells to enter GC.
This is consistent with previous report that a bacterial
antigen, which is a non-self antigen, is important for
triggering GC responses3o,

[0117]
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Exampl e 8: CD11lb-1 nduci ng Heat-Killed Bacteria Act as
Eff ecti ve Mucosal Adjuvant and | nduce Anti gen-Specific
Mucosal | gA

Adj uvants based on TLR2 or TLR9 |igand have al ready
been widely used for vaccination, since the |igand
effectively stimul ates DCs31.32, However, the results of the
inventors indicate that B cells can decide on their cel
fate to become pre-GC B cells before receiving help from
DCs or T cells. Therefore, the inventors thought that
pam3CSK4 and heat-treated E. coli may function as an
adj uvant for a mucosal vaccine. The inventors orally
admi ni stered oval bumin (OVA) to mice as an antigen, and, in
addi tion, orally admini stered pam3CSK4 or heat-killed E.
coli as an adjuvant (Fig. 5g). As expected, OVA-specific
| gA increased in the stools of mice simultaneously
admi ni stered with OVA and heat-killed E. coli or pam3CSK4,
whi | e OVA-specific 1 gA did not increase in mice only
admi ni stered with OVA (Fig. 5h). Thus, in this study, it
was reveal ed that CD1lb, a pre-GC surface marker on B
cells, is a promising marker for selecting an effective
mucosal vacci ne adjuvant, and particul arly, CD1llb enhances
GC- derived hi gh-affinity mucosal 1 gA.
[0118]

Meanwhil e, as a result of measuring the cytokine

concentration after the third immunizati on, the adjuvant
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composition of the present disclosure did not increase the
serum TNFo concentration at all. On the other hand, CpG-K3
and CpG- ODN1826, known vacci ne adjuvants, were thought to
cause increase in the serum TNFa concentration and induce
an i nfl ammatory response (Fig.14).

These results confirmed that the adjuvant
composi tion of the present disclosure has extremely
beneficial properties in that it has a high ability to
i nduce antigen-specific binding | gA without inducing an
i nf| ammatory response.

[0119]
(Di scussi on)

In the present study, by investigating different
popul ati ons of CD11lb*l gAt B cells, it was shown that CD1llb
is a new surface marker for pre-GC I gA* B cells. Induction
of CD11lb in B cells depends on the stimulation with harmful
bacterial antigens, but is independent of activated DCs.
When these CD11b-i nduci ng bacterial antigens were orally
admi ni stered to mi ce, a mucosal antigen-specific |IgA
response was enhanced in vivo. These results indicate that
al l owi ng transi ent expression of CD1lb in activated B cells
before entering GC is an important step for sel ecting
activated B cells suitable for GC response.

[ 0120]

Regardi ng the function of CD1lb in B cells, Yan's
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group revealed that CD1llb is important for regul ating the
BCR signaling through the Lyn-CD22-SHP-1 negati ve feedback
pathway!3. | n CD11lb-/- mice, antibody production was
enhanced, and a GC response by autoreactive B cells was
observed!3 14 |In addition, mutations in the | TGAM gene
whi ch encodes CD11lb have been reported to be a high-risk
factor for devel opi ng autoi mmune di seases such as systemic
| upus erythematosus (SLE)33. In the present disclosure, the
CD11b expression was confirmed to be a marker for B cells
before entering GC. Presumably, it is considered that the
transi ent expression of CD1llb is not necessary but
sufficient for entry into GC. When B cells are activated
by stimul ation with bacteria, the B cells express CD11lb and
prevents their proliferation and production of self-
reacti ve anti bodies. Then, the B cells start to interact
with T cells inthe IF region. After the T-B interaction,
activated B cells lose the CD11lb expression, enter GC DZ,
rapidly proliferate, and undergo SHM to obtain high
affinity. It is considered that CD1lb pl ays an i mportant
role in controlling activated B cells to cause benefi ci al
GC responses, but also controls to avoid harmful self-
reacti ons.
[0121]

Do human B cells al so express CD1lb in response to

mi crobi al antigens? Dutra’s group has demonstrated that
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stimulation of B cells from Chagas' di sease patients with
Trypanosoma cruzi-derived protein-enrich fraction increases
the frequency of CD11btB cell s34,
[0122]

Moreover, it was clarified what kind of signal
i nduces the CDllb expression. First, a TLR2 |igand
pam3CSK4 and heat-killed E. coli strongly induced CD11lb in
B cells invitro, and thus it was predicted that TLR2
stimul ation induces CD11lb. E. coli has peptidoglycan (PGN)
whi ch is a component of the cell wall, and the
pepti dogl ycan serves as a |ligand for TLR235. However,
unexpectedly, the combi nati on of pam3CSK4 and TLR1/2
i nhi bitors promoted CD11lb expression in B cells. On the
other hand, the CD1lb expression induced by pam3CSK4 and
heat-killed E. coli was suppressed by a NOD2 inhibitor
(Fig. 4-1i), and thus it was suggested that NOD2 regul ates
CD11b. Such a result is partially consistent with previ ous
findings that NOD2 acts as a negati ve regul ator of TLR235.
In addition, NOD2 contributes to the mai ntenance of i mmune
tol erance and homeostasis by suppressing the induction of
TLR2/ 4-medi ated i nfl ammatory cytokine production, which is
strongly associated with Crohn’s disease (CD)3¢. This
suggests that the TLR2-NOD2 pathway may not only contro
i nfl ammatory responses but also GC responses through CD11lb.

However, other studies have shown that the TLR1/2 signaling
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pathway i s independent of NOD237. It is expected that
further research will clarify the details, including the
fact that CD11lb induction is promoted by a TLR2 inhibitor.
[0123]

As for CD11lb-inducing bacterial stimulation, S.
Enterica and E. coli, which are exampl es of harmful
bacteria, were shown to induce CD1lb expression in vitro,
and enhance GC responses in vivo. Klebsiella pneumoni ae
and Bacteroi des vul gatus, bacteria of the class
Bacteroi dia, but not the genus Bifidobacterium, were shown
to induce the CD1llb expression in vitro.

[0124]

In summary, the following was clarified from the
experiments of the present disclosure.

1. CD11lbtl gAt B cells express PNA and FAS which are
surface markers for GC B cells. CDllbtl gA* B cells highly
express GC B-specific genes, but do not express non-GC
genes.

2. CDllb*l gAt B cells highly express irf4 whichis a
pre-GC gene.

3. CDllb+l gA+ B cells are | ocated outside GC and are
about to enter GC.

4. CD11lbtl gA* B cells interact with CD4+* T cells
outsi de GC.

5. In vitro stimul ation with a bacterial antigen
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i nduces CD1lb expression in splenic B cells.

6. An orally administered bacterial antigen promotes
GC response within 2 days in the |iving body.

7. Using heat-treated E. coli as an adjuvant of an
oral vaccine can enhance an antigen-specific response by
i nducing pre-GC B cells.

[ 0125]

That is, the present disclosure clarifies the

fol | owi ng.

(1) CDllbtl gA+ B cells are pre-GC B cells

(2) I'nduction of CD1lb in B cells is a promising marker for
sel ecting an effective mucosal immunization vaccine

adj uvant .

It is also suggested that B cells can sense a
bacterial antigen and determine their own cell fate into
pre-GC cells, independent of DCs and T cells (Fig. 15)

[ 0126]

Mucosal immunity-rel ated i mmunity-inducing tissues
undergo affinity maturation of 1gA+ B cells that recogni ze
anti gen mol ecul es taken in from mucosal tissue epithelium
or the like, and secrete a high-affinity antibody from
mucosal epithelium, thereby having an important function of
provi di ng anti gen-speci fic defense to the mucosal tissues.
Mucosal immunity-related immunity-inducing tissues exist in

various mucosa such as intestinal mucosa (Peyer's patch)

92



CA 03239834 2024-5-31

and nasal mucosa, and the immune cells activated in such
mucosa provi de antigen-specific defense in the tissues of
the mucosa or a distal mucosa (for example, The ) apanese
journal of Oto-Rhino-Laryngol ogy 114: 843-850, 2011,
Vaccine Vol . 30, pp. 180-188, 2012, and Frontiers in

I mmunol ogy, 2021, Vol. 12, Article 635471). According to
each Exampl e of the present disclosure, Peyer's patch
germi nal center was used as a model for the mucosal

i mmuni ty-rel ated i mmuni ty-inducing tissue, and it became
clear that CD11lb+l gA+ B cells enter the germinal center
(GC) and undergo affinity maturation to produce a high-
affinity antibody. It al so became cl ear that heat-
sterilized bacteria, which induces the CD11lb expression in
| gAt B cells, can be used as an extremely useful mucosal

i mmuni zati on vacci ne adj uvant that suppresses the induction
of inflammatory responses.

The present disclosure indicates that an adj uvant
that induces CD11lb+l gAt B cells is extremely useful in
affinity maturation of B cells in germinal centers of
various mucosal immunity-rel ated immunity-inducing tissues
and induction of high-affinity I gA antibody production, and
heat-sterilized bacteria can be used as the adjuvant.

Mucosal |y secreted | gA antibodi es are known to
exhi bit pol yreacti ve reactivity agai nst bacteria, and can

provi de anti gen-specifi c i mmune defense against a wi der
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range of anti gens than 1gG anti bodies, which are induced to
be produced by general vaccines and the |ike (for example,
Journal of Intestinal Microbiology 31: 151-157, 2017,

Sci ence. 2017 Oct 20; 358 (6361): eaan6619., and Cel
Reports 36, 109655, 2021). |In one aspect, the adjuvant of
the present disclosure is extremely useful in that it can
provi de pol yreacti ve anti gen-specific immune defense while
suppressing i nfl ammatory responses, and will bring about
significant contribution in the fields of medicine, food,
feed, and the like.

[0127]
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ABSTRACT

The present disclosure relates to a composition for
i nducing migration of activated B cells to a germina
center, the composition including a substance that induces
CD11b expression in B cells, a production method therefor,
or use thereof. |In one aspect, the present disclosure
rel ates to immunostimul ati on and mai ntenance or improvement
of mucosal flora using the substance that i nduces the CD1llb

expression in B cells.



CLAI MS

1. A composition for inducing migration of activated B
cells to a germinal center, the composition comprising:

a substance that induces CDllb expression in B
cel ls.
2. The composition according to claim 1, wherein the
substance that induces the CDllb expression in B cells is a
bacteri um.
3. The composition according to claim 2, wherein the
substance that induces the CDllb expression in B cells is a
bacterium of the class y Proteobacteria or class
Bacteroi di a.
4. The composition according to claim 3, wherein the
substance that induces the CD1llb expression in B cells is
Escherichia coli, Salmonella enterica, Klebsiella
pneumoni ae, Bacteroi des vul gatus, or a combinati on thereof.
5. The composition according to any one of claims 1 to
4, which is for treatment of a subject with a di sease,
disorder, or condition that is treated by activation of the
mi gration of activated B cells to a germinal center.
6. The composition according to any one of claims 1 to
4, which is used for i mmunostimul ati on, mai ntenance or
i mprovement of heal th, maintenance or improvement of
mucosal flora, or treatment of an infectious disease.

7. The composition according to any one of claims 1 to

101
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4, which is a mucosally administered vacci ne adj uvant.

8. The composition according to any one of claims 1 to
6, which is in a form selected from the group consisting of
a medicine, a food, a feed, a food additive, a feed

addi tive, and a raw material composition thereof.

9. The composition according to claim 1, wherein the
composition i s administered together with an antigen

10. The composition according to claim 9, wherein the
composition i s administered simul taneously with the

anti gen.

11. The composition according to claim 9, wherein the
composition i s administered separately from admi ni stration
of the anti gen.

12. The composition according to claim 1, which is a
vacci ne composi tion including an antigen.

13. The composition according to claims 9 to 12, wherein
the antigen is a viral, bacterial, fungal, or parasitic
anti gen.

14. A method for inducing migration of activated B cells
to a germinal center, the method comprising: preparing a
composi tion including a substance that induces CD11b
expression in B cells; and bringing the substance into
contact with B cells, wherein the CD11lb expression is
induced in the B cells, and the contacts between the B

cells and T cells and the B cells and dendritic cells are

102
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FIG. 1
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FIG. 2
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FIG. 3

b GC genes
g @cdaAD) 5 boi6(Bols) o s1pr2(S1PR2)
£1. @2 B p=0.0362
1 % : 21,
Eo o £ )
= =0 bl
g i 3
r 5
& 2 &
S
[ L] Al ,{39@0 \Q:cg:}’.‘) GO
_:.P\,;o {poq‘i "1?\'5 .;90 K
$ Non-GC genes
< gpriB3(EBR) o boiz(Bo2) . T UAF4)
a0 316 B10p=0.0004
« 40] p=0.256 < n=0.381 % B
%3 %10 ]
Eq E Ey
£ 23 . £ 2
g 5, 30
[}
0 T
e SF o S &8P
SR B8 e RR,8 ¢
MR SR SE R
PP FPY <
d e f
SingletBcells  CD11b-igArBeells
10% 01 10 . 145 -
04 -l 104 ilply | T
107 H 163 Z
WF S T e 0 167 100 16 5
| i

conjugatz Beells CD11b+IgAr Beel
b 87 W apg

1] r 109
4:| o
B Moo 10 100 10e S 10105 T0F 100 08 &

CD4 4

5

CDi11b Chd IgA/CD11b/CD4




CA 03239834 2024-5-31

4/18

FIG. 4-1
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FIG. 4-2
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FIG. 7
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FIG. 9
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FIG. 11-2
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FIG. 11-3
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FIG. 12-1
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FIG. 12-2
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FIG. 14
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