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ABSTRACT
Aim: Inulooligosaccharides in a Kampo formula, hochuekkito, have been shown to participate in the regulation of the pulmonary
immune system. Difference in chain length distribution of the oligosaccharides strongly affects their immunopharmacological
activities. This phenomenon cannot be explained by bifidogenic activity and/or short-chain fatty acids produced by intestinal
microflora from the oligosaccharides. Effects of intermediate-size inulooligosaccharides, which have a similar chain length distri-
bution as the oligosaccharides obtained from hochuekkito containing Atractylodis rhizoma, were analyzed on immunocompetent
cells in Peyer’s patches.
Methods: Effect of intermediate-size inulooligosaccharide preparation (degree of polymerization (d.p.) 3–15) on mRNA expres-
sion of genes of markers and functional molecules of stromal cells and type 3 innate lymphoid cells (ILC3) in Peyer’s patches
was analyzed.
Results: Oral administration of intermediate-size inulooligosaccharide preparation significantly up-regulated expression of
mRNAs of genes of not only marker molecules of fibroblastic reticular cells (FRC) and ILC3 but also immunological factors for
positive and negative regulatory functions of FRC in addition to genes of auto-immune regulator (AIRE), DEAF-1 transcription
factor, and some AIRE-dependent tissue-related antigens (TRA).
Conclusion: FRC and ILC3 are suggested to be target cell candidates in Peyer’s patches for inulooligosaccharides in
hochuekkito formula containing Atractylodis rhizoma.

KEY WORDS: fibroblastic reticular cells, hochuekkito, inulooligosaccharides, Peyer’s patches, type 3 innate
lymphoid cells

INTRODUCTION

A Kampo formula, hochuekkito containing Atractylodis
lanceae rhizoma (ALR-formula), enhances pulmonary

immune system to reinforce antigen-specific antibody
response in lung to intranasally inoculated antigen [1].
Meanwhile, the formula containing Atractylodis rhizoma
(AtR-formula) did not enhance the antibody response in
lung [1]. The further addition of Atractylodis rhizoma to
ALR-formula was found to suppress the enhancing activity
of ALR-formula on the pulmonary immune system [1]. To
clarify why these hochuekkito formulas have different effects
on the pulmonary immune system, comparative analysis was
conducted for responsible active ingredients in these formu-
las. Inulooligosaccharides in the decoctions of these formulas
were found to have different chain length distributions [1].
Poly(I:C)-induced pulmonary inflammation was improved
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by oral administration of the inulooligosaccharide preparation
having a similar chain length distribution as the inulooligo-
saccharides from AtR-formula [1]. However, inflammation was
not affected by the inulooligosaccharide preparation having a
similar chain length distribution as the oligosaccharides from
ALR-formula [1]. The results strongly postulate that the immu-
nomodulatory activity of the inulooligosaccharides differs in
accordance with their chain length distributions.
It has been generally considered that inulooligosaccharides

express their immunomodulating activities by encouraging
growth of bifidobacterium (bifidogenic activity) and produc-
ing short-chain fatty acids (SCFA) as metabolites via intesti-
nal microflora [2]. However, it was difficult to explain the
difference in immunopharmacological activity among the
inulooligosaccharides having different chain length distribu-
tions and differences in bifidogenic activity and SCFA pro-
duction. Degradation of inulooligosaccharides by digestive
enzymes is difficult, and intestinal epithelial cells are unable
to incorporate oligosaccharides that have degree of polymeri-
zation (d.p.) over 5 [3]. From these observations, it was pos-
tulated that the inulooligosaccharides having d.p. > 5 might
be incorporated into Peyer’s patches, and express their char-
acteristic immunomodulating effects through different
actions on immunocompetent cells in the patches according
to their chain length distribution. Inulooligosaccharide prep-
arations from ALR- and AtR-hochuekkito formulas adminis-
tered orally have been shown to have different stimulating
activities on cytokine production from T lymphocytes in
Peyer’s patches [1].
In the present study, we sought candidates of target cells

in Peyer’s patches for intermediate-size inulooligosaccharide
preparation, which contain oligosaccharides possessing a
similar chain length distribution as the inulooligosaccharides
in AtR-hochuekkito formula.

MATERIALS AND METHODS

Animals

Specific pathogen-free female BALB/c mice (young, 7 weeks
old; retired, 3–6 months old) were obtained from Japan SLC
(Shizuoka, Japan). The mice were kept on a 12 h light/dark
cycle at controlled temperature (23 � 1�C), and they had
free access to standard laboratory chow and water. Animal
experiments were approved by the Animal Research Com-
mittee of Kitasato University, and performed in accordance
with the Guidelines for Care and Use of Laboratory Animals
at Kitasato University and the Guidelines for Proper Con-
duct of Animal Experiments from Science Council of Japan.

Inulooligosaccharides

Intermediate-size inulooligosaccharide preparation, which
contains oligosaccharides having d.p. 3–15, was prepared
from rhizomes of Jerusalem artichoke, which were harvested
in Kamaishi City, Iwate Prefecture, Japan, according to a

procedure described previously [1]. The chain length distribu-
tions of the oligosaccharide preparations were analyzed by
high-performance anion-exchange chromatography equipped
with pulsed amperometry detector (HPAEC-PAD) according
to methods described previously [1] (Fig. S1).

Measurement of ex vivo Peyer’s patch-
immunomodulating activity of inulooligosaccharide
preparations

Ex vivo Peyer’s patch-immunomodulating activities of
inulooligosaccharides were measured according to a modi-
fied procedure described previously [1,4] (Fig. S2a). Briefly,
young and retired BALB/c mice (n = 4) were orally adminis-
tered water or aqueous solutions of inulooligosaccharide
preparations at 50 and 200 mg/kg/day once a day for
10 days. From day 7 to 9, mice were also orally administered
an aqueous solution of FTY720 (1.25 mg/kg, Cayman Chem-
ical Co., Michigan, USA) before 3–4 h of oligosaccharide
administration to inhibit efflux of lymphocytes from Peyer’s
patches [1]. About 24 h after the last administration of the
oligosaccharides, Peyer’s patches were removed from the
mice. Peyer’s patch cell suspensions (2 � 106 cells/mL,

Figure 1 | Effects of oral administrations of intermediate-size
inulooligiosaccharide preparation on cytokine production from T lym-
phocytes in Peyer’s patches of retired BALB/c mice. Retired BALB/c
mice were orally administered 50 and 200 mg/kg of intermediate-size
inulooligosaccharide preparation for 10 days. The mice were also orally
administered FTY720 (1.25 mg/kg) for the last 3 days of oligosaccharide
administration. The collected Peyer’s patch cells from the mice were
cultured for 3 days in the presence of anti-CD3ε antibody, and the
concentrations of cytokines in the resulting culture supernatants were
analyzed by ELISA. Data are given as mean � SE (n = 4), and differ-
ences between groups were analyzed via Dunnett’s test. ***P < 0.001
versus water-administered mice.
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500 μL per well) prepared from the treated BALB/c mice
were cultured in a 24-well tissue culture plate (FALCON,
New York, USA) coated with hamster anti-mouse CD3ε
antibody (5 μg per well, BioLegend, San Diego, USA) for
3 days at 37�C. Resulting culture supernatants were kept at
�80�C prior to use.

ELISA for cytokines and chemokines

Cincentrations of cytokines in culture supernatants of Peyer’s
patch cells were measured by enzyme-linked immunosorbent
assay (ELISA) kits (DuoSet, R&D Systems, Minneapolis,
USA) according to the manufacturer’s instructions.

Analyses of mRNA expression

1 Administration and sample preparation: Retired
BALB/c mice (n = 4) were orally administered water
or intermediate-size inulooligosaccharide preparation
(200 mg/kg) once a day for 10 days. Peyer’s patches
were recovered from mice at 6, 24 (after one-time
administration), and 72 h (after three-time administra-
tion), and at day 7 (after seven-time administration)

and day 10 (after 10-time administration) (Fig. S2b),
and kept at �80�C prior to use.

2 RNA extraction: RNA from Peyer’s patches was
extracted by homogenization in Sepasol-RNA I Super G
(Nacalai Tesque, Kyoto, Japan) with disposable homoge-
nizer (BioMasher II, Nippi Co. Ltd, Tokyo, Japan).

3 Quantitative polymerase chain reaction (PCR): Single-
stranded complementary DNA was prepared by
ReverTra Ace qPCR RT Master Mix with gDNA
Remover (Toyobo, Osaka, Japan). Target messenger
RNA (mRNA) expression was normalized to that of
glyceraldehyde-3-phosphate dehydrogenase (Gapdh) as
a housekeeping gene. The primer sequences are listed
in Table S1.

Statistical analyses

Data are expressed as mean � standard error (SE), and sta-
tistical comparison between the groups was performed using
analysis of variance (ANOVA) supported by Dunnett’s post
hoc test. P < 0.05 was considered to be significant, and
P < 0.1 was considered to be trending toward significance.

Figure 2 | Effect of oral administration of intermediate-size
inulooligosaccharide preparation on mRNA expression of genes of
master transcription factors of effector/regulatory T lymphocytes (T-
bet for Th1, Gata3 for Th2, Foxp3 for Treg) in Peyer’s patches. Retired
BALB/c mice were orally administered 200 mg/kg of intermediate-
size inulooligosaccharide preparation for 10 days. Peyer’s patches
were collected from the mice at the timing indicated in Figure S2,
and total RNA was prepared from the patches. mRNA expression
was analyzed by quantitative PCR. White bar, water-administered
mice; black bar, oligosaccharide-administered mice. Data are given
as mean � SE (n = 4), and differences between groups were ana-
lyzed via Dunnett’s test. *P < 0.05, **P < 0.01 versus water-
administered mice.

Figure 3 | Effect of oral administration of intermediate-size
inulooligiosaccharide preparation on mRNA expression of genes of
marker molecules of fibroblastic reticular cells (FRC) (Gp38, Cd140a,
Col4a4) and dendritic cells (Clec1b) in Peyer’s patches of retired
BALB/c mice. Retired BALB/c mice were orally administered
200 mg/kg of intermediate-size inulooligosaccharide preparation for
10 days. Peyer’s patches were collected from the mice at the timing
indicated in Figure S2, and total RNA was prepared from the pat-
ches. mRNA expression was analyzed by quantitative PCR. White
bar, water-administered mice; black bar, oligosaccharide-
administered mice. Data are given as mean � SE (n = 4), and differ-
ences between groups were analyzed via Dunnett’s test. *P < 0.05,
**P < 0.01 versus water-administered mice.
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RESULTS

Effect of intermediate-size inulooligosaccharide
preparation on cytokine production from T lymphocytes
in Peyer’s patches
In a previous study, inulooligosaccharides obtained from ALR-
hochuekkito and AtR-hochuekkito formulas showed a different
effect on cytokine production from T lymphocytes in Peyer’s pat-
ches of retired mice [1]. Therefore, retired BALB/c mice were used
in the present study for analysis of target immunocompetent cells
of intermediate-size inulooligosaccharides. Intermediate-size
inulooligosaccharide preparation (50 and 200 mg/kg/day) or water
were each orally administered to retired BALB/c mice for 10 days.
All themice were also orally administered FTY720 prior to admin-
istration of the inulooligosaccharide preparation during the last
3 days to prevent efflux of lymphocytes from Peyer’s patches
(Fig. S2a). Peyer’s patch cells were recovered 24 h after the last
administration of the inulooligosaccharide preparation, and cul-
tured in the presence of anti-CD3ε antibody to stimulate T lym-
phocytes for 3 days (Fig. S2a). Concentrations of cytokines were
compared in the resulting culture supernatants of Peyer’s patch
cells. Concentrations of interleukin (IL)-2, interferon gamma
(IFN-γ), granulocyte-macrophage colony-stimulating factor (GM-
CSF), and IL-10 were increased by administration of the prepara-
tion at 200 mg/kg, but not at 50 mg/kg (Fig. 1). To analyze effect
of the intermediate-size inulooligosaccharide preparation on

induction of subsets of T lymphocytes in Peyer’s patches, the prep-
aration was administered for consecutive 10 days at 200 mg/kg,
and mRNA expression of genes of master transcription factors for
T-lymphocyte subsets in Peyer’s patches was analyzed using the
patches collected at day 10 as shown in Figure S2b by quantitative
PCR. Administration of the intermediate-size inulooligosaccharide
preparation significantly increased mRNA expression of genes of
the master transcription factors of Th1 (T-bet) and regulatory T
lymphocytes (Foxp3), and those (GATA3) for Th2 lymphocytes
tended to increase at day 10 (Fig. 2).
These results suggest that intermediate-size inulooligosac-

charides are incorporated into Peyer’s patches, and induce
effector and regulatory T lymphocytes in the patches through
unknown actionmechanism.

Analysis of action of intermediate-size
inulooligosaccharides to stromal cells in Peyer’s patches
DNA microarray analysis was performed on cDNA obtained
from Peyer’s patches of BALB/c mice, which were administered
the intermediate-size inulooligosaccharide preparation
(200 mg/kg) for 3 days. The analysis indicated 214-fold up-
regulation of mRNA expression of a gene (Col4a4) of collagen,
type IV, alpha 4 (data not shown). This protein is known to be
a marker molecule of fibroblastic reticular cells (FRC) as stro-
mal cells in peripheral lymph nodes such as Peyer’s patches
[5]. Therefore, effect of 10-day oral administration of the

Figure 4 | Effect of oral administration of intermediate-size inulooligiosaccharide preparation on mRNA expression of genes of immunologi-
cal factors for positive regulatory function of fibroblastic reticular cells (FRC) in Peyer’s patches of retired BALB/c mice. Retired BALB/c mice
were orally administered 200 mg/kg of intermediate-size inulooligosaccharide preparation for 10 days. Peyer’s patches were collected from
the mice at the timing indicated Figure S2, and total RNA was prepared from the patches. mRNA expression was analyzed by quantitative
PCR. White bar, water-administered mice; black bar, oligosaccharide-administered mice. Data are given as mean � SE (n = 4), and differences
between groups were analyzed via Dunnett’s test. *P < 0.05, **P < 0.01,***P < 0.001 versus water-administered mice.
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intermediate-size inulooligosaccharide preparation on mRNA
expression of genes (Gp38, Cd140a, andCol4a4) of marker mol-
ecules of FRC was analyzed [5,6]. Intermediate-size inulooligo-
saccharide preparation was administered to retired mice for
10 days, and Peyer’s patches were recovered at 6 h, 24 h, 72 h,
day 7, and day 10 (Fig. S2b). Expression of all mRNA of genes
(Gp38, Cd140a, and Col4a4) of marker molecules of FRC was
significantly up-regulated at day 10 (Fig. 3). It has been reported
that GP-38 (podoplanin) on FRC interacts with CLEC2 on den-
dritic cells to modulate differentiation of naïve T lymphocytes
[7]. The mRNA expression of a gene (Clec1b) of CLEC2 was
also up-regulated by administration of the intermediate-size
inulooligosaccharide preparation synchronously with up-
regulation of mRNA of Pdpn (Fig. 3). These results suggest that
the intermediate-size inulooligosaccharides enhance prolifera-
tion of FRC in Peyer’s patches.
FRC have been known to possess positive and negative

regulatory functions for T lymphocytes [8]. IL-7, C-C
motif chemokine ligand 19/21 (CCL19/21), and cluster of
differentiation 80/86 (CD80/86) are reported to be posi-
tive regulators of FRC [8]. Meanwhile, negative regulatory
factors of FRC are known to include indoleamine-

2,3-dioxygenase (IDO), cyclooxygenase 2 (COX2), induc-
ible nitric oxide synthase 2 (NOS2), and programmed cell
death 1 ligand 1 (PD-L1) as co-inhibitory molecules [8].
mRNA expression analysis of genes of these positive and
negative regulatory factors revealed that the mRNA
expression of all the genes except Cox2 was significantly
up-regulated by administration of the intermediate-size
inulooligosaccharide preparation at day 10 (Figs 4,5).
Therefore, intermediate-size inulooligosaccharides are
strongly proposed to potentiate both positive and negative
regulatory functions to T lymphocytes of FRC, and it is
postulated that this potentiation may lead to inductions
of Th1, Th2, and regulatory T lymphocytes in the patches
as shown in Figures 1,2.
It also has been reported that FRC in peripheral lymph

nodes expresses a master transcription factor, deformed epi-
dermal autoregulatory factor 1 (DEAF-1), and that DEAF-1
controls induction of tissue-restricted antigens (TRAs) in FRC
[8]. TRAs are derived into antigenic oligopeptides (TRA-
oligopeptides) in FRC, and the oligopeptides are mounted on
major histocompatibility complex (MHC) class I of FRC [8].
Auto-reactive T lymphocytes, which are recruited into Peyer’s

Figure 5 | Effect of oral administration of intermediate-size inulooligiosaccharide preparation on mRNA expression of genes of immunologi-
cal factors for negative regulatory function and of DEAF-1 transcription factor (Deaf1) and Ras-related associated with diabetes (Rrad) as
DEAF-1-dependent tissue specific antigen (TRA) of fibroblastic reticular cells (FRC) in Peyer’s patches of retired BALB/c mice. Retired BALB/c
mice were orally administered 200 mg/kg of intermediate-size inulooligosaccharide preparation for 10 days. Peyer’s patches were collected
from the mice at the timing indicated in Figure S2, and total RNA was prepared from the patches. mRNA expression was analyzed by quanti-
tative PCR. White bar, water-administered mice; black bar, oligosaccharide-administered mice. Data are given as mean � SE (n = 4), and dif-
ferences between groups were analyzed via Dunnett’s test. *P < 0.05, **P < 0.01 versus water-administered mice.
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patches from peripheral blood stream, are induced apoptosis
by interaction with TRA oligopeptide-mounted MHC on FRC
[8]. Effect of oral administration of the intermediate-size
inulooligosaccharide preparation on mRNA expression of
DEAF-1 gene (Deaf1) in Peyer’s patches of retired mice
was analyzed. As shown in Figure 5, mRNA expression of
Deaf1 in Peyer’s patches was significantly up-regulated at
day 10 by administration of the inulooligosaccharide
preparation. mRNA expression of a gene of Ras-related
associated with diabetes (Rrad) as one of DEAF-
1-dependent TRAs [8] increased synchronously with up-
regulation of mRNA of Deaf1 (Fig. 5). These results sug-
gest that the intermediate-size inulooligosaccharides also

lead to potentiation of DEAF-1-dependent deletion of
auto-reactive T lymphocytes in Peyer’s patches.

Analysis of effect of intermediate-size
inulooligosaccharides in type 3 innate lymphoid
cells (ILC3)

It is well known that a transcription factor, auto-immune regula-
tor (AIRE), also plays a similar key role as DEAF-1 for removal
of auto-reactive T lymphocytes through induction of TRAs in
peripheral lymph nodes such as Peyer’s patches [9]. Because
expression of DEAF-1 in Peyer’s patches was suggested be up-
regulated by the intermediate-size inulooligosaccharides in the
present study, it was expected that the oligosaccharides also

Figure 6 | Effect of oral administration of intermediate-size inulooligiosaccharide preparation on mRNA expression of genes of auto-
immune regulator (Aire) and of marker molecules of type 3 innate lymphoid cells (ILC3) (Rorc, Kit, Id2, Il7r, Itga4, Itgb7, Ccr6, Icosl) in Peyer’s
patches of retired BALB/c mice. Retired BALB/c mice were orally administered 200 mg/kg of intermediate-size inulooligosaccharide prepara-
tion for 10 days. Peyer’s patches were collected from the mice at the timing indicated in Figure S2, and total RNA was prepared from the
patches. mRNA expression was analyzed by quantitative PCR. White bar, water-administered mice; black bar, oligosaccharide-administered
mice. Data are given as mean � SE (n = 4), and differences between groups were analyzed via Dunnett’s test. *P < 0.05, **P < 0.01 versus
water-administered mice.
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affect AIRE expression in the patches. As shown in Figure 6,
expression of mRNA of the gene of AIRE (Aire) was signifi-
cantly enhanced at day 10 in Peyer’s patches of retired mice by
oral administration of the intermediate-size inulooligosaccharide
preparation. Type 3 innate lymphoid cells (ILC3)-like cells have
been identified as one of AIRE-expressing cells in lymph nodes
[10]. Marker molecules of ILC3-like cells have been clarified in
lymph nodes and Peyer’s patches [10]. Effect of oral administra-
tion of the intermediate-size inulooligosaccharide preparation on
mRNA expression of genes of the marker molecules of ILC3-like
cells was analyzed. mRNA of genes of the marker molecules of
ILC3-like cells (Rorc, Kit, Id2, Il7r, Itga4, Itgb7, Ccr6, Icosl) were
found to up-regulate synchronously with increment of Aire
expression by the inulooligosaccharide preparation (Fig. 6).
Forty-four kinds of TRAs, expressions of which are controlled

by AIRE, have been identified in lymph node cells such as ILC3
[10]. Among eight kinds of AIRE-dependent TRAs tested in the
present study, oral administration of the intermediate-size
inulooligosaccharide preparation increased mRNA expression of
seven TRA genes (activating transcription factor 3 (Atf3), potas-
sium large conductance calcium-activated channel, subfamily M,
alpha member 1 (Kcnma1), SURP and G patch domain
containing 2 (Sugp2), receptor (TNFRSF)-interacting serine–
threonine kinase 2 (Ripk2), RAS, dexamethasone-induced
1 (Rasd1), chemokine (C–X–C motif) ligand 10 (Cxcl10) and
chemokine (C–X–C motif) receptor 5 (Cxcr5)) synchronously
with up-regulation of Aire expression in Peyer’s patches at day
10 except synaptotagmin I (Syt1) (Fig. 7).
From these results, we propose that the intermediate-size

inulooligosaccharides also affect ILC3-like cells in addition

Figure 7 | Effect of oral administration of intermediate-size inulooligiosaccharide preparation on mRNA expression of genes of
activating transcription factor 3 (Atf3), potassium large conductance calcium-activated channel, subfamily M, alpha member
1 (Kcnma1), synaptotagmin (Syt1), SURP and G patch domain containing 2 (Sugp2), receptor (TNFRSF)-interacting serine–threonine
kinase 2 (Ripk2), RAS, dexamethasone-induced 1 (Rasd1), chemokine (C–X–C motif ) ligand 10 (Cxcl10) and chemokine (C–X–C
motif ) receptor 5 (Cxcr5) as AIRE-dependent tissue-specific antigens (TRA) in Peyer’s patches of retired BALB/c mice. Retired
BALB/c mice were orally administered 200 mg/kg of intermediate-size inulooligosaccharide preparation for 10 days. Peyer’s pat-
ches were collected from the mice at the timing indicated in Figure S2, and total RNA was prepared from the patches. mRNA
expression was analyzed by quantitative PCR. White bar, water-administered mice; black bar, oligosaccharide-administered mice.
Data are given as mean � SE (n = 4), and differences between groups were analyzed via Dunnett’s test. *P < 0.05, **P < 0.01
versus water-administered mice.
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to FRC, and the oligosaccharides enhance expression of
AIRE in ILC3-like cells to stimulate TRA induction for dele-
tion of TRAs-related auto-reactive T lymphocytes.

DISCUSSION

It generally has been proposed that inulooligosaccharides (inulin)
express a variety of immunopharmacological activities through
bifidogenic action and production of short-chain fatty acids
(SCFAs) as metabolites via microbiota [2]. These activities have
been observed in previous studies by ingestion of high dose of
inulin preparation (1–5 g/kg/day, about 25–125 mg per mouse
per day), and sufficient production of SCFAs was to be expected
by these high doses [11,12]. Decocted extracts of some Kampo
formulas such as hochuekkito formula containing Atractylodis
rhizoma or Atractylodis lanceae rhizoma contain intermediate-
size and long inulooligosaccharides [1]. However, the daily dose
(about 30–50mg/kg) of the inulooligosaccharides in the formulas
was not so high compared with the doses in previous inulin stud-
ies [1]. However, these inulooligosaccharides in hochuekkito for-
mula have been found to play a key role in the regulation of the
pulmonary immune system [1]. Furthermore, the present study
strongly suggests that oral administration of intermediate-size
inulooligosaccharides increases the number of ILC3-like cells in
Peyer’s patches.Meanwhile, it has been reported that oral admin-
istration of butyric acid as one of the major SCFAs derived from
inulin leads to a decrease in the number of ILC3 in ileal Peyer’s
patches [13]. Therefore, these findings postulate that the lower
dose (4–5 mg per mouse per day) of inulooligosaccharides may
induce their immunopharmacological effects through mecha-
nisms other than bifidogenic activity and the produced SCFAs.
The present study strongly suggests that intermediate-size

inulooligosaccharides affect both FRC and ILC3-lile cells in
Peyer’s patches. Peyer’s patches are composed of T-cell zone
and B-cell follicle, and FRC are known to locate in T-
lymphocyte zone to interact with T lymphocytes [14]. Type
3 innate lymphoid-like cells (ILC3-like cells) have been
observed in peripheral lymph nodes such as Peyer’s patches,
and the ILC3-like cells locate in inter-follicular regions sur-
rounded by B-cell follicles in lymph nodes; it has been proposed
that ILC3-like cells influence T–B lymphocyte interaction [14].
The present study strongly suggests that the intermediate-size

inulooligosaccharides enhance proliferation of FRC. It has been
reported that FRC forms a structural network (so called conduit
structure) in T-lymphocyte-rich zone of lymph nodes, and the
conduit structure of FRC provides a guidance path for migration
of T lymphocytes in the patches [15]. FRC in conduit structure
has been known to differentiate naive T lymphocytes to effector
and regulatory T lymphocytes through production and expres-
sion of several immunological factors and co-stimulatory/
inhibitory molecules as their positive and negative regulatory
functions [8,16]. From these, it was postulated that intermediate-
size inulooligosaccharides accelerate proliferation of FRC and

stimulate construction of conduit structure, then enhance expres-
sion of positive/negative regulatory factors of FRC during 10-day
administration of the oligosaccharides (Fig. S3). Finally, naïve
T lymphocytes are thought to accelerate differentiation into
IL-2-, IFN-γ-, and GM-CSF-producing effector T lymphocytes
and IL-10-producing regulatory T lymphocytes in Peyer’s pat-
ches by interaction with FRC in conduit structure.
The present study suggests that intermediate-size inulooligo-

saccharides also enhanced expression of transcription factorAire in
ILC3-like cells and DEAF-1 in FRC of Peyer’s patches. It has been
well known that AIRE is a key transcription factor for expression of
TRAs in thymus and peripheral lymph nodes for removal of auto-
reactive T lymphocytes, which are newly generated from bonemar-
row and recruited in peripheral blood stream [9]. The present study
showed up-regulation ofmRNA expression of genes of seven TRAs
synchronouslywith up-regulation ofAiremRNA inPeyer’s patches
by administration of the intermediate-size inulooligosaccharides.
These observations indicate that deletions of auto-reactive T lym-
phocytes are accelerated in Peyer’s patches by the intermediate-size
inulooligosaccharides. Retired mice were used in the present study,
and a similar up-regulation of Aire mRNA was also found in
Peyer’s patches of young (8-week-old) mice by administration of
the inulooligosaccharides (Fig. S4). Enhancement ofAire expression
in youngmice was observed at 6 h after single administration of the
oligosaccharides in addition to at day 10, and this early up-
regulation at 6 h was not observed in retired mice (Fig. S4). It is
known that innate lymphoid cells (ILCs) originate from fetal liver,
and are recruited to peripheral tissues such as lymphoid organs
[17]. ILCs expand in peripheral tissues by self-renewal system until
adulthood, and the numbers of ILCs in lymphoid tissues decrease
with aging [16]. Therefore, Peyer’s patches in young mice, but not
in retired mice, are thought to contain a notable number of ILC3.
Meanwhile, some ILCs in peripheral tissues are supplied from bone
marrow until late adulthood [16]. It is also expected that ILC3 is
supplied into Peyer’s patches in retired mice. Different effect of the
intermediate-size inulooligosaccharides on Aire expression in ILC3
between young and retired mice may be explained by difference in
the amount of ILC3 in bothmice. Further detailed study is required
to elucidate the effect of the intermediate-size inulooligosaccharides
on conduit structure of FRC and ILC3 by immunohistochemical
and cytometrical analyses.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article:

Figure S1 Elution patterns of inulooligosaccharide fractions fromdecoctions of ALR-hochuekkito formula andAtR-hochuekkito
formula, and of intermediate-size inulooligosaccharide preparation on high-performance anion-exchange chromatography.
Figure S2 Experimental schedule of administration of intermediate-size inulooligosaccharide preparation for analyses of (a) effect of the
oligosaccharide administration on cytokine production fromT lymphocytes in Peyer’s patches, and (b) effect of the oligosaccharide
administration onmRNA expression of genes ofmarker transcription factors for T-lymphocyte subsets and ofmolecules related to
marker and functionalmolecules of fibroblastic reticular cells (FRC) in Peyer’s patches of retiredmice.
Figure S3 Hypothetical diagram of action of intermediate-size inulooligosaccharides on fibroblastic reticular cells (FRC) in
Peyer’s patches during 10-day administration of the inulooligosaccharides. Proliferation of FRC is accelerated by the action of
oligosaccharides, and construction of FRC network structure (conduit structure) is potentiated during 10-day administration.
FRC in conduit structure is retiredd by the action of oligosaccharides, and production and expression of immunological
factors and co-stimulatory/inhibitory molecules are enhanced. Effector/regulatory T lymphocytes are induced by interaction
of naïve T lymphocytes with FRC in the conduit structure. Furthermore, expression of transcription factor DEAF-1 is also
enhanced in FRC of conduit structure during 10-day administration of the oligosaccharide to induce tissue-restricted antigens
(TRA), and auto-reactive T lymphocytes are deleted by presentation of TRA.
Figure S4Effects of oral administration of intermediate-size inulooligiosaccharide preparation onmRNA expression of a gene of auto-
immune regulator (Aire) in Peyer’s patches of young and retired BALB/cmice. Retired and young BALB/cmice were orally administered
200 mg/kg of intermediate-size inulooligosaccharide preparation for 10 days. Peyer’s patches were collected from themice at the timing
indicated in Figure S2, and total RNAwas prepared from the patches. mRNA expression was analyzed by quantitative PCR.White bar,
water-administeredmice; black bar: oligosaccharide-administeredmice. Data were given asmean� SE (n= 4), and differences between
groups were analyzed via Dunnett’s test. *P < 0.05 versus water-administeredmice.
Table S1 Primers for real-time PCR.
Appendix S1 Supporting information
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