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Keywords: A recently-developed BMT method combines a “Perfusion Method”
bone marrow transplantation (BMT) (PM) for collecting bone marrow cells (BMCs) with the Intra-Bone
stem cell disorder (SCD) Marrow (IBM) injection of BMCs (IBM-BMT). As distinct from the
hemopoietic stem cell (HSC) conventional aspiration method (AM), the PM allows rapid (within
mesenchymal stem cell (MS5C) 1 h) collection of BMCs without T cell contamination (T cells < 10%).
aspiration method (AM) Therefore, no GVHD occurs. Moreover, the burden on donors, such as

perfusion method (PM)

; back pain, bleeding and infection, can be reduced.
intra-bone marrow (IBM)

) i Full chimerism can be achieved even with only mild conditioning
22:2:;;:;‘;;5 Isease regimens if IBM-BMT is carried out, since IBM-BMT replaces not only
emphysema the recipient’s hemopoietic stem cells (HSCs) but also mesenchymal

stem cells (MSCs) with donor-derived HSCs and MSCs.
Using this method, we show that most currently intractable
diseases are HSC or MSC disorders, and that this novel strategy
(PM + IBM—BMT) can be used to treat various otherwise intrac-
table diseases (including autoimmune diseases and age-associated
diseases).
We believe that the development of this technique will herald
a revolution in the field of BMT, regeneration medicine and also
organ transplantation.

© 2011 Elsevier Ltd. All rights reserved.

Introduction

In 1985, we found that allogeneic bone marrow transplantation (BMT) (but not autologous BMT)
could be used to prevent and treat autoimmune diseases in autoimmune-prone mice [1,2]. In addition,
we succeeded in inducing autoimmune diseases in normal mice by the transplantation of T cell-
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depleted bone marrow cells (BMCs) or partially purified hemopoietic stem cells (HSCs) from
autoimmune-prone mice to normal mice [34].

Based on these findings, we have proposed that autoimmune diseases originate from defects in
HSCs [3-7], and have also found that abnormal HSCs of autoimmune-prone mice are more resilient
than normal HSCs [4,8,9]; abnormal HSCs can proliferate even in the allogeneic microenvironments,
whilst normal HSCs can proliferate in collaboration with major histocompatibility complex (MHC)-
compatible stromal cells (mesenchymal stem cells: MSCs), but not MHC-incompatible MSCs [4,8,9].

From these findings, we realized that, in the case of BMT across MHC barriers, we would have to
transplant both donor-derived HSCs and MSCs to ensure that the donor-derived normal HSCs grow and
survive in the allogeneic environments.

Recently, we have discovered that the injection of whole BMCs directly into the bone cavity (intra-
bone marrow-BMT: IBM-BMT) provides distinct advantages, since IBM-BMT can efficiently recruit not
only donor-derived HSCs but also MSCs. We here review our data regarding IBM-BMT plus the
perfusion method (PM) (capable of efficiently collecting MSCs).

Advantages of novel BMT

As shown in Fig. 1, conventional BMT is carried out as follows: Bone marrow needles are inserted
into the iliac bones more than 100 times, and the BMCs are collected by the aspiration method (AM).
Therefore, contamination with peripheral blood (particularly T cells) is inevitable. When thus-collected
cells are intravenously injected (IV-BMT), most cells become trapped in the lung and only a few cells
migrate into the bone marrow (Fig. 1).

To apply our new BMT methods to humans, we established, using cynomolgus monkeys, a “PM",
which minimizes the contamination of BMCs with T cells. As shown in Fig. 2, two needles are inserted
into a long bone such as the humerus, femur, or tibia. The end of the extension tube is connected to
a needle. The other end is placed in a syringe containing 0.5 ml heparin. The other needle is connected
to a syringe containing 30 ml of saline, and the saline is then pushed gently from the syringe into the
medullary cavity to flush out the bone marrow (BM). The saline containing the BM fluid is then
collected.

T cell-depleted
bone marrow cells
(hemopoietic stem cells)

Iliac crest

(>100) Aspiration Method

T cells(>20%)—GvHD

(due to PBL contamination)

(<10%)

Donor Recipient

Fig. 1. Conventional BMT for allogeneic BMT. Conventional BMT is carried out using an aspiration method (AM), followed by the
intravenous injection of BMCs (IV-BMT).
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Fig. 2. New BMT method for allogeneic BMT. The new BMT method is carried out using a perfusion method (PM), followed by
IBM—BMT.

There is significantly less contamination with T cells when using the PM (<10%) than with the
conventional AM (>20%) [10,11]. Therefore, T cell-depletion is unnecessary with the PM, and whole
BMCs can be used. However, in the case of the conventional AM, T cell-depletion is necessary, and the
loss of some important cells such as MSCs during the process of T cell-depletion is inevitable.
Furthermore, the number and progenitor activities of the cells harvested using the PM are greater than
when using the conventional AM [10,11].

We have also found that the PM is applicable to the iliac bones as well as the long bones not only in
monkeys but also in humans.

We are now starting a Phase | Study for the clinical application of PM + IBM—BMT.

IBM—BMT for organ transplantation

Since we have previously found that the combination of organ allografts and conventional [IV-BMT
from the same donors prevents the rejection of organ allografts [12], we attempted to apply IBM—BMT
toorgan allografts. IBM—BMT was the most effective strategy, since the radiation dose could be reduced
to4.0Gy x 2 in skin allografts [12,13]. In addition, we found that IBM—BMT is applicable to allografts of
other organs and tissues in rats, such as pancreas islets [14] legs [15], lungs [16], and heart [17].

IBM—BMT for regeneration therapy

As it was apparent that donor stromal cells could be effectively recruited by “IBM—BMT", we next
attempted to treat osteoporosis in SAMP6 mice; the SAMP6 mouse (a substrain of senescence-
accelerated mice) spontaneously develops osteoporosis early in life and is therefore a useful model
for examining the mechanisms underlying osteoporosis. After IBM—BMT, the hematolymphoid system
was completely reconstituted with donor-type cells. Thus-treated SAMP6 mice (8 months after IBM-
BMT) showed marked increases in trabecular bone even at 20 months of age (Fig. 3), and the bone
mineral density (BMD) remained similar to that of normal B6 mice. Bone marrow stromal cells in “IBM-
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Fig. 3. Treatment of osteoporosis in SAMP6 mice by IBM—BMT from normal B6 mice.

BMT"-treated SAMP6 mice were replaced by donor stromal cells [18,19]. Thus, we succeeded in curing
osteoporosis in SAMP6 mice by IBM—BMT, which can recruit both donor-derived HSCs and MSCs.

Since IBM—BMT appeared to be a powerful strategy in regeneration therapy, we next used tight-
skin (Tsk) mice (an animal model for emphysema) to examine whether emphysema could be cured
by IBM—BMT.

IBM-BMT was carried out from C3H mice into Tsk mice (8-10 weeks old) that had already shown
emphysema. Eight months after the transplantation, the lungs of all the Tsk mice treated with IBM-
BMT [C3H—Tsk] showed structures similar to those of normal mice, whereas the [Tsk— Tsk] mice
showed emphysema, as seen in age-matched Tsk mice. Next, we attempted to transfer emphysema
from Tsk mice to C3H mice by IBM—BMT. Six months after IBM-BMT, the [Tsk— C3H] mice showed
emphysema [20]. These results strongly suggested that emphysema in Tsk mice originates from defects
in the stem cells (probably MSCs and/or HSCs) in the bone marrow [20].

IBM—BMT + donor lymphocyte infusion (DLI) for treatment of malignant tumors

It is well known that the graft-versus-leukemia reaction (GvLR) can cure patients of a variety of
hematological malignancies [21,22]. Recently, it has been reported that graft-versus-tumor (GvT)
effects can induce partial (complete in some) remission of metastatic solid tumors such as breast
cancer [23-25] and renal cell carcinoma [26-30]. Based on these findings, donor lymphocyte infusion
(DLI) has recently been used for the treatment of malignant solid tumors even in humans. However, it is
very difficult to completely eradicate the tumors, since extensive DLI induces graft-versus-host disease
(GVHD). We therefore attempted to establish a new method for the treatment of malignant tumors, this
method consisting of intra-bone marrow-IBM—BMT plus DLI, since we have recently found that IBM-
BMT can allow a reduction in radiation doses as a conditioning regimen and prevent GvHD [31,32].
Using the Meth-A cell line (BALB/c-derived fibrosarcoma), we found that IBM-BMT plus the injection of
CD4" T-cell-depleted (but not CD8" T-cell-depleted) spleen cells (as DLI) can prevent GvHD while
suppressing tumor growth [33] (Fig. 4). In addition, we have found that IBM-BMT plus extensive DLI (3
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Fig. 4. Prevention of GvHD and suppression of tumor growth by IBM~BMT + DLI (CD4™).

times every 2 weeks) leads to the complete rejection of the tumor, although the success rate (3/50) is
not high so far [33].

In addition, we have examined whether this strategy (IBM-BMT plus DLI) is applicable to other
tumors in other animals. We have obtained similar results in another system (colon cancer; ACL-15 in
rats) [34]. We are now establishing more efficient strategies to eradicate malignant tumors.

[BM—BMT + thymus transplantation (TT) for modulation of age-associated diseases

We have recently proposed that age-associated diseases (AADs), such as osteoporosis and
emphysema, are mesenchymal stem cell disorders.

Based on our findings, we attempted to prevent the progression of Alzheimer's disease using
senescence-accelerated mice by IBM-BMT, and succeeded in preventing the development of
Alzheimer’s disease [35].

In addition, we succeeded in curing type 2 diabetes mellitus in db/db mice by IBM-BMT with TT [36].

These findings suggest that TT plays a crucial role in the prevention and treatment of AADs, since
the recovery of T cell functions would be delayed after [BM—BMT alone (but not after IBM—BMT + TT).

Future directions

As described here, the new BMT method (PM + IBM~BMT) can be used to treat various otherwise
intractable diseases, including i) autoimmune diseases, ii) AADs (osteoporosis, emphysema, etc.), iii)
diseases curable by organ transplantation and iv) malignant tumors (including solid tumors) [33]. The
PM can efficiently be used to collect whole BMCs (including HSCs and MSCs) without them being
contaminated with T cells, and no GVHD therefore develops. IBM-BMT can efficiently transfer donor
whole BMCs (both HSCs and MSCs) into recipients, and this method can therefore be used to quickly
replace not only HSCs but also MSCs with donor-derived cells.

From the findings to date, it is conceivable that all the body's cells originate in the bone marrow, and
that all diseases might therefore originate from defects in the bone marrow. One paper already
suggests that gastric cancer originates from bone marrow-derived cells [37].

We believe that the development of our BMT method heralds a revolution in the field of trans-
plantation (BMT and organ transplantation) and regeneration therapy.
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Abstract

Background Dendritic cells (DCs) are widely distributed
throughout the lymphoid and nonlymphoid tissues, and are
important initiators of acquired immunity. They also serve
as regulators by inducing self-tolerance. However, it has
not been thoroughly clarified whether DCs are somehow
involved in the regulation or treatment of inflammatory
bowel diseases.
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Methods We established an ileitis model by transmurally
injecting 2,4,6-trinitrobenzene sulfonic acid (TNBS) into
the lumen of the ileocolonic junction. The kinetic move-
ment of DCs at the inflammatory sites was analyzed his-
tologically and by flow cytometry, and DCs obtained from
the small intestine were analyzed in order to determine the
expression of paired immunoglobulin-like receptor-A/B
(PIR-A/B) by flow cytometry and quantitative RT-PCR.
Furthermore, the regulatory role of DCs was directly
determined by a transfer experiment using TNBS-induced
colitis model mice.
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Results We observed three DC subsets (PIR-A/BMel
PIR-A/B™, and PIR-A/B~ DCs) in the conventional DCs
(cDCs) from day 3, and the number of PIR-A/B™¢ ¢DCs
increased from the time the inflammatory responses ceased
(day 7). PIR-A/B™? ¢DCs actually migrated to the
inflamed colon, and ameliorated the colitis induced by
TNBS when transferred to colitis-induced recipients. The
colitis was greatly exacerbated when mice had been treated
with the indoleamine-pyrrole 2,3-dioxygenase (IDO)
inhibitor 1-methyltryptophan (1-mT) at the time PIR-A/
B™? ¢DCs were transferred, indicating that the therapeutic
ability of PIR-A/B™ ¢DCs is partially dependent on IDO.
Conclusion The PIR-A/B™? ¢DCs, which increase in
number during the final stages of inflammation, can be used
to treat colitis via an IDO-dependent mechanism.

Keywords Dendritic cells - Paired immunoglobulin-like
receptors - TNBS - Inflammatory bowel disease

Introduction

The function of mucosal dendritic cells (DCs) is tightly
regulated by the local microenvironment, which includes
immune cells, nonimmune cells, and luminal bacteria.
Since mucosal DCs are more effective at presenting anti-
gens than epithelial cells, they are likely to be key players
in gut immune homeostasis.

Previously, we examined the kinetic movement of DCs
in the lamina propria from the viewpoint of their expres-
sion of dual-functioning paired immunoglobulin-like
receptors (PIR) in the 2,4,6-trinitrobenzene sulfonic acid
(TNBS)-induced ileitis model (an animal model of Crohn’s
disease) [1]. We observed three subsets of DCs (PIR-A/
B"e" PIR-A/B™, and PIR-A/B") in the CD11c*/B220~
conventional DCs (cDCs). The PIR-A/B™ ¢DCs, which
increase in number during the final stages of inflammation,
might be involved in the termination of the TNBS-induced
ileitis by the delivery of anergic signals to effector T cells
as a result of the lower expressions of costimulatory mol-
ecules and the production of immunoregulatory cytokine.

In our previous paper, we examined the role of the immu-
noregulatory PIR-A/B™? DC subset on the expression of some
surface markers [1]. Recently, a new classification of DCs has
been emerging—one based mainly on the origin of the DC
subsets. One subset of DCs consists of cells with
CD103"CX5CR1™, which arise from DC-committed precur-
sors (pre-DCs) and common monocyte and dendritic cell pre-
cursors under the influence of Flt3 ligand. A second DC subset
consists of cells that are CD11b"CD14TCX5CR1™" and that are
derived from Ly6' monocytes driven by GM-CSF [2-4].

Of note is that CD103" DCs migrate into the draining
mesenteric lymph nodes where they promote the conversion

of Foxp3™ regulatory T (Treg) cells in a retinoic acid (RA)-
and TGF-f-dependent manner [5-7]. Thus, to further char-
acterize our unique DC subset—immunoregulatory PIR-A/
B™“ DCs in the small intestine—from various aspects, we
analyzed the expression of these DC stage-specific surface
molecules (CD103, CX3CR1, and CD11b) on this DC subset
and compared their levels with the other DC subsets, this
being important in order to evaluate the immunoregulatory
functions of PIR-A/B™** DCs.

Also of importance is to investigate whether this newly
discovered DC subset in the small intestine actually amelio-
rates (or prevents) the intestinal inflammation. In this paper
we describe the adoptive cell transfer of PIR-A/B™ ¢cDCs
into mice with TNBS-induced colitis and the various indices
including mortality, changes in body weight, macroscopical
appearances, and histological changes, which were markedly
improved in the recipients of PIR-A/B™* cDCs, but not in the
recipients of the other DC subsets, suggesting the therapeutic
role of PIR-A/B™*? ¢DCs. This result paves the way for future
research focusing on this DC subset.

Materials and methods
Surface marker analyses

Small intestine (SI)-derived DC-enriched cells were iso-
lated as previously described [1, 8]. The cells were stained
with fluorescein isothiocyanate (FITC)-conjugated mAb
against CD11c (BD Biosciences, San Jose, CA), phycoer-
ythrin (PE)-conjugated anti-CD11c, -CD103, PIR-A/B (BD
Biosciences), PIR-B (clone 326414: R&D Systems, Inc.,
Minneapolis, USA), and allophycocyanin (APC)-conju-
gated anti-CD45R (B220) (BD Biosciences), -CDI11b,
-CD83 mAbs (eBioscience Inc., San Diego, CA), -CD40,
-CD86, and -CD197 mAbs (CCR7), Alexa Fluor 647-con-
jugated anti-CD54 mAbs, PE/Cy7-conjugated anti-CD86
mAbs (BioLegend, San Diego, CA, USA), -CD45R (B220)
(BD Biosciences), PIR-A/B (BD Biosciences), and anti-
CX3CRI1 Abs (ProSci inc., Flint Place Poway, CA, USA).
The controls included the isotype-matched irrelevant mAbs
labeled with the corresponding fluorochromes. The cells
were analyzed using a FACS Calibur HG (Becton-Dickin-
son and Company, Mountain View, CA, USA). Dead
cells were excluded from analysis using propidium iodide
staining.

Isolation of SI-derived dendritic cells
SI-derived DCs were stained with FITC-anti-CDl1lc,
PE-anti-PIR-A/B, and APC-anti-CD45R mAbs, and the cells

with the PIR™E", PIR™, and PIR'**'~ immunophenotypes
in the CD11c* DCs were separately sorted by a FACSAria
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(Becton—Dickinson and Company). In some experiments,
CD103""PIR-A/B™ ¢DCs and CDI103"E"PIR-A/B™¢
cDCs were also sorted by a FACSAria.

Mixed leukocyte reaction

Mixed leukocyte reaction (MLR) was performed to
examine the stimulatory activities of SI-derived DC sub-
sets. MLR was performed as follows: CD4" T cells were
prepared from allogeneic C57BL/6 spleen cells by using a
CD4™T cell isolation kit (Miltenyi Biotec GmbH). The
responder splenic CD4" T cells (2 x 10%) were cultured
with graded doses of irradiated (12 Gy) stimulator DCs
(SI-derived DCs or splenic DCs) for 72 h and pulsed with
0.5 uCi of [*H]thymidine for the last 16 h of the culturing
period. Splenic DCs, isolated as CD11c™/CD37/B220~
cells, were used as positive control APCs.

Induction of ileitis

Ileitis was induced by the injection of TNBS (Wako Pure
Chemical Industries, Ltd., Osaka, Japan) as described
previously [1, 9]. Briefly, the mice underwent a laparotomy
under anesthesia. The terminal ileal loop was gently exte-
riorized on sterile gauze, and 70 pl of 32 mg/ml TNBS
solution dissolved in 50% ethanol was then injected
transmurally into the lumen 1 cm proximal to the ileoco-
lonic junction. The laparotomy was closed in two layers
using nonresorbable nylon sutures.

Induction of colitis

BALB/c mice were purchased from Japan SLC, Inc.
(Hamamatsu, Japan) and maintained in our animal facility
under specific pathogen-free conditions. Colitis was
induced as described previously [10]. Briefly, the mice
were lightly anesthetized with pentobarbital sodium
(Kyoritsu Seiyaku Corporation, Tokyo, Japan), and a 3.0-F
catheter was then carefully inserted into the colon such that
the tip was 4 cm proximal to the anus. To induce colitis,
80 pl of 32 mg/ml TNBS solution dissolved in 50% etha-
nol was slowly administered into the lumen of the colon via
the catheter fitted onto a 1-ml syringe. In control experi-
ments, mice received 50% ethanol alone using the same
technique described above. Animals were then kept in a
vertical position for 30 s and returned to their cages.

Adoptive cell transfer of cDCs
SI-derived c¢DC subsets prepared from the ileitis-induced
mice after the injection of TNBS were intraperitoneally

injected into the recipients. Then 2 x IOSAF‘IR-A/Bmed
¢DCs, PIR-A/B~ ¢cDCs, or 1 x 10* PIR-A/B™&" cDCs was

@ Springer

transferred into the recipients on the basis of the proportion
of three subsets prepared from the small intestine. Since the
number of PIR-A/B™&" ¢DCs is fewer than the others in
vivo, fewer PIR-A/BM&" cDCs were transferred.

In some experiments, SI-derived PIR™ ¢DC subsets
prepared from the ileitis-induced mice were labeled with
CFSE (Vybrant CFDA SE Cell Tracer Kit, Invitrogen,
Carlsbad, CA, USA) to perform the cell-tracing analysis.
The labeled cells were intraperitoneally transferred into the
recipients at the time when colitis was induced by TNBS.
On day 3 after the transfer, we prepared the frozen sections
of intestinal tissue and analyzed them using a fluorescence
microscope (BX 50 research microscope, Olympus, Japan).
DAPI (Nacalai Tesque Inc., Kyoto, Japan) was used to
stain cellular nuclei.

Inhibition of indoleamine-pyrrole 2,3-dioxygenase

To inhibit the activity of indoleamine-pyrrole 2,3-dioxy-
genase (IDO), the mice were intraperitoneally injected
daily with 10 mg of 1-methyltryptophan (1-mT, dissolved
in phosphate-buffered saline, Sigma Aldrich Co., St Louis,
MO, USA) from day 3 (at the time when SI-derived PIR-A/
B™¢ ¢cDCs were transferred) to the end of the experiment.
The mice were sacrificed on day 7 to assess the morpho-
logic and histological changes in the colon.

Furthermore, SI-derived PIR-A/B™ ¢DCs were treated
with 2 mM 1-mT for 24 h, and 2 x 10° PIR-A/B™ ¢cDCs
thus treated were transferred to the ileitis-induced mice to
examine the in vitro effect of 1-mT.

Macroscopic assessment of severity of colitis

The mice were killed by cervical dislocation, the colon
excised, opened longitudinally, and washed in saline.
Macroscopic damage was assessed by the scoring system
of Wallace and Keenan [11], which takes into account the
area of inflammation and the presence or absence of ulcers.
The criteria for assessing macroscopic damage was based
on a semiquantitative scoring system, where features were
graded as follows: 0, no ulcer, no inflammation; 1, no ulcer,
local hyperemia; 2, ulceration without hyperemia; 3,
ulceration and inflammation at one site only; 4, two or
more sites of ulceration and inflammation; and 5, ulcera-
tion extending more than 2 cm.

Microscopic assessment of colitis

Tissues were removed at the indicated time points and
embedded in paraffin. Paraffin sections were made and
stained with hematoxylin and eosin. The degree of
inflammation on microscopic cross sections of the colon
was graded semiquantitatively from O to 4 according to
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previously described criteria [10] as follows: 0, no signs of
inflammation; 1, very low level; and 2, low level of leu-
kocytic infiltration; 3, high level of leukocytic infiltration,
high vascular density, thickening of the colon wall; 4,
transmural infiltration, loss of goblet cells, high vascular
density, thickening of the colon wall.

Real-time RT-PCR assay

Messages of PIR-A and PIR-B from SI-derived DC subsets
were determined by real-time RT-PCR. Total RNA of each
sample was isolated by using the Isogen reagent (Nippon
Gene, Japan) according to the manufacturer’s instructions.
The eluted RNA was quantified using an ND-1000 spec-
trophotometer (NanoDrop Technologies, Inc., Wilmington,
DE, USA). RNA amplification was performed using the
MessageBOOSTER whole transcriptome cDNA synthesis
kit (Epicentre, Madison, WI, USA) according to the man-
ufacturer’s instructions. Reverse transcription was per-
formed with the MessageBOOSTER whole transcriptome
cDNA synthesis kit (Epicentre, Madison, WI, USA)
according to the manufacturer’s instructions. Real-time
PCR was performed in a Rotor-Genes Q cycler machine
(Qiagen) using the Rotor-Genes SYBR Green PCR kit
(Qiagen), according to the manufacturer’s instructions, in a
total volume 20 pl. Cycling conditions for two target and
GAPDH genes were 10 min at 95°C, 40 cycle of 5 s at
95°C, 15 s at 56°C, 20 s at 72°C. To correlate the threshold
(Ct) values from the amplification plots to copy number, a
standard curve was generated and a nontemplate control
was run with every assay.

The primer sequences were as follows:

PIRal 5'-gtcteccaaaaggeccatee-3' 5'-tcgaaaggacgatgag-
gacca-3'

PIRb 5'-gcttcagtggaggacatgcaaa-3’ 5'-cctgagectggagggt
ttca-3’

GAPDH 5'-ggcattgctctcaatgacaa-3' 5'-atgtaggccatgaggtce
cac-3'

Statistical analysis

Differences between groups were examined for statistical
significance using the Mann—Whitney test. Cumulative
survival rate was calculated by the Kaplan—Meier method.

Results

Analyses of the expression of DC stage-specific
surface molecules

As shown in Fig. la and in our previous paper [1], three
subsets of DCs (PIR-A/B"" PIR-A/B™, and PIR-A/B")

were clearly observed in the CD11c¢*/B220~ conventional
DCs (cDCs) on day 3 (3 days after the induction of ileitis
by TNBS), and the PIR-A/B™“ c¢DC subset significantly
increased at the final stage of inflammation (on day 7). The
profile of DC subsets on the expression of PIR-A/B was
only observed in the DCs of lamina propria origin, but not
in mesenteric lymph node (MLN) DCs (Fig. 1b). Since the
6C1 antibody, which was used to detect the expression of
PIR-A/B in this study, reacts with common epitopes of
PIR-A and PIR-B, we did not distinguish the expression of
PIR-A from that of PIR-B on the DC subsets. However, we
evaluated the expression of PIR-B by using mAb against
PIR-B. PIR-B was highly expressed on PIR-A/B™
¢DCs and equivalently on PIR-A/B"" ¢DCs (Fig. Ic).
SI-derived c¢DCs were clearly separated into two cDC
populations (PIR-B™E" and PIR-B'Y).

To distinguish the expression of PIR-A from that of
PIR-B on cDCs, a quantitative real-time RT-PCR assay
was carried out. Since the mAb specific for PIR-A is not
yet available, we used mAb (clone 326414) that specifi-
cally recognizes PIR-B. We first purified PIR-B"€" ¢DCs
and PIR-B™? ¢DCs by a FACSAria after staining the
cDCs with FITC-anti-CD11c mAb, PE-anti-PIR-B mAb
(clone 326414), and APC-anti-B220 mAb, and the
expression of PIR-A (and also PIR-B) in the PIR-BM&"
¢DCs and PIR-B™ ¢DCs thus prepared was examined by
a quantitative real-time RT-PCR assay. As shown in
Fig. 1d, the message of PIR-A was clearly detected in the
PIR-B"&" ¢DCs and also in the PIR-B™ ¢DCs on day 7;
the message level of PIR-A in the PIR-B"" ¢DCs was
higher than that in the PIR-B™“ c¢DCs. These findings
strongly indicate that PIR-A/B"&" ¢DCs and PIR-A/B™¢
cDCs used in our experiments co-expressed both PIR-A
and PIR-B.

We then examined the expression of CD103, CX3CR1, and
CD11b on these SI-derived cDCs to further characterize the
c¢DC subsets. As shown in Fig. le, PIR-A/B™ ¢DCs were
divided into CD103"" and CD103'" subsets, characterized
by low expression of CD11b and CX;5CR1, whereas PIR-A/
B™&" ¢DCs were mainly CD103-CX3CR1'°*~CD11b"e",
and PIR-A/B~ ¢DCs were CX3CR1-CD11b""~. Though
PIR-A/B~ c¢DCs are mainly CD103"¢" a number of CD103 ™~
cells exist in this fraction.

The stimulatory activities of CD103'°“PIR-A/B™
¢DCs and CD103"¢"PIR-A/B™ ¢DCs were examined in
MLR, and as shown in Fig. 2, the stimulatory activity of
CD103"°"PIR-A/B™* ¢DCs was as low as that of
CD103"¢"PIR-A/B™ ¢DCs or of PIR-A/B™" ¢DCs,
suggesting that both subsets in PIR-A/B™ ¢DCs have
equal regulatory activity.

Furthermore, the expression level of CCR7 remained
unchanged and low on the PIR-A/B™ ¢DCs throughout
the inflammatory processes (Fig. 1f). Therefore, we suspect
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Fig. 1 a Expression of PIR-A/B on SI-derived DCs. A DC-enriched
population was prepared from the small intestine and stained with
FITC-anti-CD11c, PE-anti-PIR-A/B, and APC-anti-CD45R mAbs.
SI-derived ¢DCs (gated as CD11c*/B220 cells) were separated into
3 populations on the basis of the expression of PIR-A/B: PIR-A/B™e"
(gated as R1), PIR-A/B™ (gated as R2), and PIR-A/B~ (gated as
R3). The results are representative of 5 replicate experiments.
Frequencies of these cDC subsets were analyzed in viable cells from
lamina propria of the small intestine. b Expression of PIR-A/B on
MLN-derived DCs. A DC-enriched population was prepared from the
MLNs and stained with FITC-anti-CD11c¢, PE-anti-PIR-A/B, and
APC-anti-CD45R  mAbs. MLN-derived c¢cDCs were defined as
CD11¢"/B220™ cells. MLN-derived ¢cDCs were separated into 3
populations on the basis of the expression of PIR-A/B. The results are
representative of 5 replicate experiments. Levels of these cDC subsets
were analyzed in viable cells from MLN. ¢ Expression of PIR-B on
DCs. The expression of PIR-B on ¢DC subsets prepared from the
small intestine was analyzed by flow cytometry. The results are
representative of 3 replicate experiments. d Expression of PIR-A and

that PIR-A/B™“ ¢DCs do not migrate to the MLNs and
could be a resident DC subset in the lamina propria.

Prevention of TNBS-induced colitis
by PIR-A/B™ ¢DCs

To examine whether SI-derived PIR-A/B™ ¢DCs actually

ameliorate (or prevent) the TNBS-induced colitis, the
adoptive cell transfer of PIR-A/B™“ ¢DCs into the recipient
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PIR-B in c¢DCs by a quantitative RT-PCR. The PIR-B"2" ¢DCs and
PIR-B™ ¢cDCs were purified by a FACSAria after the staining of
c¢DCs with FITC-anti-CD11c mAb, PE-anti-PIR-B mAb, and
APC-anti-B220 mAb, and the expression of PIR-A and PIR-B in the
PIR-B"2" ¢DCs and PIR-B™ ¢DCs was examined by a quantitative
real-time RT-PCR assay. Open columns represent the expression levels
of PIR-A mRNA and closed columns represent those of PIR-B mRNA.
Each column shows mean & SD of 3 experiments. e Analyses of the
expression of DC stage-specific surface molecules. A DC-enriched
population prepared from the small intestine on day 7 after the injection
of TNBS was analyzed by flow cytometry. The expression of CD103,
CX;3CR1, and CD11b on the PIR-A/B™¢ ¢DCs (CD11¢/B220~ cells)
was compared with that on the PIR-A/B"" or PIR-A/B ™~ ¢DCs. Filled
gray histograms represent isotype control. The results are representa-
tive of 3 replicate experiments. f Expression of CCR7 on DCs. The
expression of CCR7 on ¢DC subsets prepared from the small intestine
on days 0, 1, 3, 5, and 7 after the injection of TNBS was analyzed
by flow cytometry. The results are representative of 3 replicate
experiments

mice was performed at the time when TNBS was injected.
Sl-derived PIR-A/B™" cDCs and PIR-A/B~ cDCs, obtained
from the ileitis-induced mice 1 day after the injection of
TNBS, were used as controls. The overall survival rate of
recipients of intraperitoneally injected PIR-A/B™“ ¢DCs
was higher than that of the recipients of PIR-A/B"&" ¢cDCs or
PIR-A/B™ ¢DCs (Fig. 3a). The body weight of the recipients
of the PIR-A/B™“ ¢DCs remained unchanged after the
injection of TNBS, whereas decreases in body weight were
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Fig. 2 Stimulatory activity of CD103°“PIR-A/B™¢ ¢DCs and
CD103"&"PIR-A/B™ ¢DCs. A DC-enriched population was pre-
pared from the small intestine on day 7 after the injection of TNBS,
and CD103"*PIR-A/B™ ¢DCs, CD103"£"PIR-A/B™* ¢DCs, and
PIR-A/B™ ¢DCs c¢DCs were sorted after the staining with FITC-
anti-CD11c, PE-anti-CD103, and PE/Cy7-anti-B220, and APC-anti-
PIR-A/B  mAbs. Splenic ¢DCs prepared as CDI11c™/CD37/
B2207DCs were used as positive control DCs. The responder splenic
CD4™ T cells (2 x 10%) from C57BL/6 mice were cultured with 10°
various stimulator DCs for 72 h and pulsed with 0.5 pCi of
[*H]thymidine for the last 16 h of the culturing period. Bars represent
the mean &+ SDs of 3 mice, and the results are representative of 2
replicate experiments. *P < 0.05

observed in both the recipients of PIR-A/B"&" ¢DCs and
PIR-A/B™~ cDCs (Fig. 3b). This was the case when the ratio
of colon weight to body weight was determined on day 7
(Fig. 3c). Shortening of the colon length and thickening of
the colon wall were clearly observed in the mice that
received PIR-A/B™&" ¢DCs and PIR-A/B~ ¢DCs (Fig. 3d).
However, these macroscopical changes were not remarkable
in the recipients of PIR-A/B™? ¢cDCs. As shown in Fig. 3e,
the macroscopical scores for the colons of the mice that
received PIR-A/B™ ¢DCs were significantly lower than
those that received PIR-A/B™&" ¢cDCs and PIR-A/B~ ¢DCs.
The histological appearance of the colon was also assessed
on days 3 and 7. Though infiltration of inflammatory cells,
ulcerations, loss of cryptal cells, and thickening of the colon
wall were clearly observed in the recipients of PIR-A/B"e"
¢DCs, PIR-A/B™ ¢DCs, and PIR-A/B™ ¢DCs 3 days after
the injection of TNBS, these inflammatory injuries were
markedly improved only in the recipients of PIR-A/B™
c¢DCs on day 7, but neither in those that received PIR-A/Bhigh
cDCs nor those that received PIR-A/B™ ¢DCs (Fig. 4a). This
was also the case when the histopathological scores were
determined (Fig. 4b). The colon from the mouse injected
with 50% ethanol alone served as a normal control, and
showed no evidence of inflammation. These findings clearly

demonstrate the preventative effect of SI-derived PIR-A/
B™“ ¢DCs in the progression of TNBS-induced colitis.

Treatment of TNBS-induced colitis
by PIR-A/B™ ¢DCs

The adoptive cell transfer of PIR-A/B™“ ¢DCs into the
recipient mice with TNBS-induced colitis was performed
3 days after the injection of TNBS to examine the curative
effect of this unique DC subset. As shown in Fig. 5a, a
decrease in body weight was observed after the injection of
TNBS in all the mice treated. When PIR-A/B™¢ ¢DCs, but
not PIR-A/B"" ¢DCs or PIR-A/B~ ¢DCs, were transferred
to these mice, their body weight gradually increased and
reached the normal level on day 7. This was confirmed
when the ratio of colonic to body weight was determined
on day 7 (Fig. 5b).

Shortening of the colon length and thickening of the colon
wall were clearly observed in the mice that received PIR-A/
B"&" ¢DCs and PIR-A/B~ ¢DCs (Fig. 5c). However, these
macroscopical changes, observed at the onset of colitis, were
ameliorated by the intraperitoneal injection of PIR-A/B™¢
c¢DCs (Fig. 5d). The macroscopic scores also supported the
therapeutic role of PIR-A/B™“ ¢DCs (Fig. 5¢). When the
histopathological scores were determined, infiltration of
inflammatory cells, ulceration, loss of cryptal cells, and
thickening of the colon wall were observed on day 3. These
inflammatory injuries were markedly improved by day 7, by
the intraperitoneal injection of PIR-A/B™ ¢DCs (Fig. 6a),
and this was also supported by assessing the histopatholo-
gical scores (Fig. 6b).

These findings demonstrate the therapeutic role of PIR-
A/B™? ¢DCs after the onset and progression of TNBS-
induced colonic inflammation.

Migration of PIR-A/B™“ ¢DCs into the inflamed colon

To determine whether the transferred Sl-derived cDCs
migrate into the inflamed colon, PIR™ ¢DCs prepared from
the ileitis-induced mice were labeled with CFSE. The labeled
cells were then transferred into the recipients at the time when
colitis was induced by TNBS. As shown in Fig. 7, CFSE-
labeled cells were clearly in the lamina propria and the sub-
mucosa of the colon 3 days after the induction of colitis. This
result suggests that the transferred PIR™“ ¢DCs migrate into
the colon and suppress the inflammatory response through the
regulation of T cell proliferation and/or activation.

Effect of Inhibition of IDO on the treatment of TNBS-
induced colitis by PIR-A/B™“ ¢cDCs

We next assessed whether IDO is involved in the regula-
tory mechanism of SI-derived PIR-A/B™“ c¢DCs. Mice
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Fig. 3 Prevention of TNBS-induced colitis by PIR-A/B™? ¢DCs
from the viewpoints of mortality, changes in body weight and colon
weight, and macroscopical appearance. a Cumulative survival curves
for recipients of the adoptive transfer of each cDC subset at the time
when TNBS was injected. Solid line mice that received PIR-A/B™¢
¢DCs, dashed line mice that received PIR-A/B"E" ¢DCs, dashed and
dotted line mice that received PIR-A/B~ cDCs, rthick line mice
administered TNBS alone. The overall survival rate of recipients of
PIR-A/B™¢ ¢DCs was higher than that of those that received PIR-A/
B"&" ¢DCs or PIR-A/B~ ¢DCs. b Changes in body weight of mice
that received each cDC subset at the time when TNBS was
administered. Serial changes in body weight were measured daily
throughout the experiment (day 0, before the injection of TNBS).
Body weight of the recipients of PIR-A/B™Y ¢DCs remained
unchanged after the injection of TNBS, whereas decreases in body
weight were observed in both the recipients of PIR-A/B"2" cDCs and
PIR-A/B™ ¢DCs. Symbols and bars in the figure represent the

were intraperitoneally injected with 10 mg of IDO inhibi-
tor, 1-mT, from day 3 after the injection of TNBS (at the
time when SI-derived PIR-A/B™“ ¢DCs were transferred).

@ Springer

Macroscopic score m

1: Ethanol alone
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mean + SDs of 4 mice. (Closed circles mice that received PIR-A/
Bhigh D, open circles mice that received PIR-A/B™ ¢DCs, open
squares mice that received PIR-A/B™ ¢DCs, closed squares mice
administered TNBS alone.) ¢ The ratio of colonic to body weight was
determined on days 3 and 7 after the injection of TNBS. Each column
shows mean £ SD of 4 mice. d, e Macroscopical changes in the
colons of mice that received each cDC subset. A representative
photograph of colons from day 7 after the injection of TNBS
(Fig. 3d). Shortening of the colon length and thickening of the colon
wall were not remarkable in the recipients of PIR-A/B™“ ¢DCs. The
colon from the mouse injected with 50% ethanol alone served as a
normal control. Macroscopical scores of the colon from the mice that
received PIR-A/B™ ¢DCs were significantly lower than those from
recipients that received PIR-A/B™E" ¢DCs and PIR-A/B~ c¢DCs,
particularly on day 7 (Fig. 3e). Each column shows mean + SD of 4
mice. *P < 0.05 versus group 2

A shortening of the colon length and thickening of the
colon wall were clearly observed even in the mice that
received PIR-A/B™? ¢DCs if 1-mT was simultaneously
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Fig. 4 Prevention of TNBS-induced colitis by PIR-A/B™® ¢DCs
from the viewpoint of histological examination. a The tissue
specimens were removed on days 3 and 7 after the injection of
TNBS, and were fixed, embedded in paraffin, and the sections then
stained with hematoxylin and eosin. Though infiltration of inflam-
matory cells, ulcerations, loss of cryptal cells, and thickening of the
colon wall were clearly observed in the recipients of PIR-A/BMe"
¢DCs, PIR-A/B~ ¢DCs, and PIR-A/B™Y ¢DCs 3 days after the
injection of TNBS, these inflammatory injuries were markedly
improved only in the recipients of PIR-A/B™“ ¢cDCs on day 7, but
neither in those that received PIR-A/B™E" c¢DCs nor those that
received PIR-A/B™ ¢DCs (x200). b Histopathological scores for the
colons from the mice that received PIR-A/B™ ¢DCs plus 1-mT.
Each column shows mean £ SD of 4 mice. *P < 0.05 versus group 2

administered, being similar to those in the mice that
received TNBS. Thus, significant gross morphologic dif-
ferences were found between the colons of the mice that
received PIR-A/B™? ¢DCs plus 1-mT and those that
received PIR-A/B™ ¢DCs alone. Furthermore, the ma-
croscopical scores—as indices of injury—for the colons
from the mice that received PIR-A/B™“ ¢DCs plus 1-mT
were significantly higher than those from the recipients of
PIR-A/B™¢ ¢DCs alone, as shown in Fig. 8b. This was

Fig. 5 Treatment of TNBS-induced colitis by PIR-A/B™Y ¢DCs
from the viewpoints of mortality, changes in body weight, the ratio of
colonic to body weight, and macroscopical appearance. a Cumulative
survival curves for recipients that received each ¢cDC subset 3 days
after the administration of TNBS. Solid line mice that received PIR-
A/B™? ¢DCs, dashed line mice that received PIR-A/B"#" ¢DCs,
dashed and dotted line mice that received PIR-A/B~ c¢DCs, thick line
mice administered TNBS alone. The overall survival rate of recipients
of PIR-A/B™ ¢DCs was higher than that of those that received PIR-
A/B"E" ¢DCs or PIR-A/B~ ¢DCs. b Changes in body weight of mice
that received each cDC subset 3 days after the administration of
TNBS. Serial changes in body weight were measured daily through-
out the experiment (day 0, before the injection of TNBS). Symbols
and bars in the figure represent the mean £ SD of 4 mice. (Closed
circles mice that received PIR-A/BMe" cDCs, open circles mice that
received PIR-A/B™® ¢cDCs, open squares mice that received PIR-A/
B~ ¢DCs, closed squares mice administered TNBS alone). A
decrease in body weight was observed after the injection of TNBS
in all the mice treated. When PIR-A/B™ ¢DCs were transferred to
these mice, the body weight gradually increased and reached the
normal level by day 7. ¢ The ratio of colonic to body weight was
determined on day 7 after the injection of TNBS. Each column shows
mean & SD of 4 mice. ¥*P < 0.05 versus group 2. d, e Macroscopical
changes in the colons from the mice that received each ¢cDC subset. A
representative photograph of colons from day 7 after the injection of
TNBS is shown in Fig. 5d. Shortening of the colon length and
thickening of the colon wall were not remarkable in the recipients of
PIR-A/B™¢ ¢DCs. The colon from the mouse injected with 50%
ethanol alone served as a normal control. Macroscopical appearance
observed at the onset of colitis was ameliorated by the intraperitoneal
injection of PIR-A/B™¢ c¢DCs (Fig. Se). Each column shows
mean + SD of 4 mice. *P < 0.05 versus group 2

also the case when the histological appearance of the colon
was assessed on day 7 (Fig. 8a, c¢). The infiltration of
inflammatory cells, ulceration, loss of cryptal cells, and
thickening of the colon wall were all observed in the
recipients of PIR-A/B™ ¢DCs plus 1-mT, but not in the
mice that received PIR-A/B™Y ¢DCs alone (Fig. 8a,
TNBS + PIR™* ¢DCs vs. TNBS + PIR™® ¢DCs +
1-mT). Furthermore, the mice treated with 1-mT alone,
without the inoculation of the exogenous PIR-A/B™¢
c¢DCs, showed exacerbated colitis (Fig. 8a, TNBS +
1-mT). It is noted that the regulatory effect of PIR-A/B™¢
cDCs is significantly inhibited by “in vitro” treatment of
DCs with 1-mT [Fig. 8a, TNBS + PIR™ ¢DCs (treated
with 1-mT)]. These results suggest that IDO, possibly
derived from PIR-A/B™“ ¢DCs, might be involved in the
suppression of inflammatory responses and in the inhibition
of effector T cell function, resulting in the amelioration
of TNBS-induced colitis by the adoptive transfer of
SI-derived PIR-A/B™ ¢DCs.

Discussion
The pairing of activating and inhibitory receptors is

thought to be necessary for the initiation, amplification, and
termination of immune responses. Paired Ig-like receptors
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of activating (PIR-A) and inhibitory (PIR-B) isoforms in
rodents are among the earliest paired receptors [12, 13]. It
has been postulated that the disruption of PIR-A and PIR-B
balance may affect their regulatory roles in host defense,
including humoral immune, inflammatory, antigen-pre-
senting, allergic, and coagulative responses, and there is
increasing evidence that the balance of PIR-A and PIR-B
functional activities is important for immune responses
against bacterial infection. Actually the surface PIR-A
level in the Salmonella-infected PIR-B™'~ macrophage/

@ Springer

Kupffer cells in the liver was enhanced [14]. In our pre-
vious paper, we focused on the expression of PIR on SI-
derived DCs, and clarified the kinetic movement of DC
subsets, based on the expression of PIR-A/B, in the lamina
propria using the TNBS-induced ileitis model [1]. Three
subsets of DCs (PIR-A/B"&" PIR-A/B™, and PIR-A/B")
in the CD11c¢™/B220~ ¢DCs were noted on day 3; only the
number of PIR-A/B™¢ ¢DCs increased when the inflam-
matory responses ceased on day 7. Additionally, in this
paper, we assessed the expression levels of PIR-B using
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Fig. 6 Treatment of TNBS-induced colitis by PIR-A/B™“ ¢DCs
from the viewpoint of histological examination. a Representative
histological findings in mice with TNBS-induced colitis as assessed
by the inoculation of PIR-A/B™Y ¢DCs. Though infiltration of
inflammatory cells, ulceration, loss of cryptal cells, and thickening of
the colon wall were observed in the recipients of PIR-A/B"&" ¢DCs,
and PIR-A/B™ c¢DCs 7 days after the injection of TNBS, these
inflammatory injuries were markedly improved by the intraperitoneal
injection of PIR-A/B™“ ¢DCs (x200). b Histopathological scores for
the colons from the mice that received PIR-A/B™ ¢cDCs plus 1-mT.
Each column shows mean & SD of 4 mice. *P < 0.05 versus group 2

specific mAb against PIR-B. PIR-B was highly expressed
on PIR-A/B™! ¢DCs and equivalently on PIR-A/B"e"
cDCs. Although the expression frequency of PIR-A and
PIR-B has not yet been determined in our study, PIR-A/
B™Y ¢DCs have at least the PIR-B receptor, and PIR-B
might influence the regulatory functions of PIR-A/B™¢
cDCs, as has been reported in the PIR-B~'~ mouse [15].

Furthermore, both PIR-B"#" ¢DCs and PIR-B™" c¢DCs
expressed PIR-A mRNA when determined by a quantita-
tive RT-PCR, indicating that PIR-A/B"#" ¢DCs and
PIR-A/B™? ¢DCs co-expressed both PIR-A and PIR-B.
Here, we have further characterized these DC subsets
by the expression of other surface molecules related
to the recruitment of DCs. PIR-A/B™Y cDCs were
CD1037CX;CR1-CDI11b™, and it is noted that CD103*
DCs have been reported to migrate into the draining MLNS,
where they promote the conversion of naive T cells to
Foxp3™ regulatory T (Treg) cells in a retinoic acid (RA)-
and TGF-f-dependent manner [5-7]. In our study, PIR-A/
B~ cDCs, in spite of their expression of CDI103
(CD103"CX3CR1-CDI11b~ subset, Fig. le), did not show
the regulatory activity nor ameliorate the colitis. Thus, it
can be speculated that the CD103*"PIR-A/B™~ ¢DCs could
not sufficiently induce the iTregs, and that part of, or a
subset of, CD103" DCs have such a regulatory function,
and here we can identify the DC subset to be in charge of
the regulatory function as CD103"PIR-A/B™¢ cDCs.
Furthermore, two populations were detected in the PIR-A/
B™“ ¢DCs as to the expression of CD103 (CD103"€"PIR-
A/B™? ¢DCs and CD103°“PIR-A/B™ ¢DCs in Fig. Ic).
The stimulatory activity of CD103'°¥PIR-A/B™¢ ¢DCs
was as low as that of CD103"#"PIR-A/B™* ¢DCs, when
determined in allogeneic MLR. Thus, it is feasible that both
subsets in PIR-A/B™“ ¢cDCs have equal regulatory activity.

The profile of DC subsets on the expression of PIR-A/B
was only observed in the DCs of lamina propria origin, not
in MLN DCs, and the expression of CCR7, the important
chemokine receptor for the migration of DCs, remained
unchanged on the PIR-A/B™“ c¢DCs throughout the
inflammatory processes (Fig. 1f). These findings strongly
suggest that the PIR-A/B™ ¢cDCs are resident DCs in the
lamina propria.

As to the functional aspect of this DC subset, the
expression of costimulatory molecules such as CD86 and
CD54 was lower in the PIR-A/B™“ DCs compared with
the other two cDC subsets or splenic DCs. Furthermore, the
stimulatory activity of PIR-A/B™“ ¢DCs was lower than
that of PIR-A/B™&" or PIR-A/B~ ¢DCs, and far lower than
that of splenic DCs. In addition, an increase in the message
level of IL-10 was clearly observed in the PIR-A/B™
cDCs on day 7, whereas that of proinflammatory cytokines
such as IL-6 and IL-12 was low. Therefore, we postulated
that PIR-A/B™“ ¢DCs may be involved in the termination
of the TNBS-induced ileitis by the delivery of anergic
signals to effector T cells as a result of the lower expression
of costimulatory molecules and the production of immu-
noregulatory cytokine [1]. In this paper, we have examined
the regulatory effect of the PIR-A/B™“ ¢DC subset in vivo
by the adoptive cell transfer of this DC subset into mice
with TNBS-induced colitis. Mortality, changes in body
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Fig. 7 Migration of PIR-A/
B™ ¢DCs into the inflamed
colon. PIR™ ¢DCs prepared
from the small intestine were
labeled with CFSE and
transferred into the recipients at
the time when colitis was
induced by TNBS. CFSE-
labeled cells (arrows, green)
were detected in the lamina
propria and the submucosa of
the colon on day 3 after the
induction of colitis. Cellular
nuclei were counterstained with
DAPI (a x200, b x100,

¢ x100, d x400)

weight, macroscopical appearance, and histological chan-
ges were markedly improved in the recipients of these PIR-
A/B™ ¢DCs, in contrast to these indicators in the control
mice, suggesting the therapeutic role of PIR-A/B™¢ ¢cDCs.
When examined using CFSE-labeled PIR-A/B™ ¢DCs,
these cells were clearly detected in the colon after their
intraperitoneal transferr into the colitis-induced mice
(Fig. 7), suggesting that they actually migrated into the
inflamed colon and suppressed the inflammatory responses.

One of the feasible mechanisms by which the immune
response is terminated is IDO-related. As is well accepted,
IDO expression in DCs leads to the degradation of tryp-
tophan and the concomitant build-up of several metabo-
lites, referred to as kynurenines. Since activated T cells are
dependent on tryptophan, the activation of IDO creates an
environment that suppresses the immune system through
the regulation of T cell proliferation and survival. In
addition, the metabolites, such as kynurenine, themselves
have a direct effect on T cells, including promoting their
differentiation into Tregs [16, 17] and altering the balance
of Thl versus Th2 responses [16, 18]. Thus, IDO, whether
through tryptophan depletion or through the production of
its metabolites, can negatively regulate various aspects of T
cell function in that it can lead to anergy, arrested cell
cycle, altered cytokine production, and/or make T cells
susceptible to apoptosis [16, 19-23]. Recent research
indicates that the production of IDO by DCs actually
inhibits T cell proliferation through tryptophan degradation
[24, 25], and IDO has been reported to be expressed in the
normal colon and upregulated in the setting of TNBS
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colitis. Furthermore, it has been reported that the inhibition
of IDO during TNBS colitis resulted in increased mortality
and an augmentation of the normal inflammatory response
[26]. In humans, upregulation of IDO was observed in
mucosa samples from patients with active inflammatory
bowel disease [26-28].

In this study, we found that colitis was greatly exacer-
bated when the mice were treated with 1-mT at the time
PIR-A/B™“ ¢DCs were transferred. That is, the therapeutic
ability of PIR-A/B™? c¢DCs is decreased by inhibition of
IDO. Thus, a decrease in tryptophan or its degradative
metabolites, both of which are dependent on IDO in PIR-A/
B™“ ¢DCs, might be directly involved in the negative
regulation of effector T cells, resulting in the amelioration
of TNBS-induced colitis. Furthermore, the mice treated
with 1-mT alone, without the inoculation of the exogenous
PIR-A/B™“ ¢DCs, showed exacerbated colitis, suggesting
that this IDO inhibitor affects the function of gut “in situ”
DCs that have the regulatory function. This was confirmed
by the experiment in which PIR-A/B™“ ¢DCs were treated
“in vitro” with 1-mT. Moreover, the therapeutic ability of
PIR-A/B™ ¢DCs is decreased by this treatment, indicating
that the IDO inhibitor directly affects the immunoregula-
tory function of PIR-A/B™“ cDCs. In addition to this
process, IDO-related metabolites may promote the differ-
entiation into Tregs and alter the balance of Th1/Th2/Th17
cells, this also being a possible mechanism of IDO-related
reduction of immune and inflammatory responses.

As has been well accepted, CX3CR1" DCs (and/or DCs
bearing other chemokine receptors) extend processes



